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ABSTRACT 

Tube hydroforming (THF) has become a viable method for manufacturing 

complex automobile parts and an indispensable manufacturing technique in 

recent years. Coordination of the internal pressurization and axial feeding curves 

is critical in the tube hydroforming process to generate successful parts without 

fracture or wrinkling failure. In the paper are presented some comparative 
results about the tube hydroforming process of a symmetrical part, considering 

as the main parameter the presence or the absence of the axial feeding of the 

punches.   
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1. Introduction 

 
Tube hydroforming (THF) has  become a  
viable  method for  manufactur ing complex 
automobi le  par t s  and  an ind ispensable 
manufac tur ing technique  in recent  years.  

 Coord inat ion o f the inte rnal  
pressur iza t ion and axia l  feed ing curves i s  
cr i t ical  in the tube hydroforming process  
to  generate  successful  par t s  wi thout  
fracture or  wr inkl ing fai lure .  The s tress  
state  a t  a  given t ime and locat ion var ies  
wi th the process his to ry and the design 
and  contro l  o f the load paths.  [1 ,  2]   

Tube hydroforming has been wel l -
kno wn since the  1950’s .  Tube  
hydroforming has been cal led by many 
other  names such as bulge forming of  
tubes (BFT’s) ,  l iquid  bulge forming (LBF)  
and  hydraulic  (or  hydrostat ic)  pressure  
forming (HPF) depending on the t ime and  
country in which i t  was used.  [3]  

Hydroformed tube  par ts  have  
improved s trength and  s t i f fness,  lo wer  
tooling cos t ,  fewer  secondary operat ions ,  
and closed dimensional  to le rances  
compared to  stamping processes ,  thus an 
overal l  reduced manufac tur ing cos t .  

Success o f the tube hydroforming  
process depends on an appropr ia te  
combina tion o f load ing curve ( in ternal  
pressure and axia l  feed  at  the tube ends) ,  
mater ia l  proper t ies  and process condi t ions  
[4 ,  5] .  One  o f the  key concerns is  to  
control  the deformat ion process in order  to  
maximize the expansion so tha t  more  

complex shapes in var ious applica t ions can 
be achieved.  [6 ,  7]  

Analogously,  for  a  g iven shape a  
higher  s trength,  l ighter  weight ,  less  
formable ,  or  lo wer  cos t  mater ial  can be  
adopted.[8]  

 

2. Process Definition 
 

The process cyc le  fo r  a  typica l  tube  
hydroforming operat ion fo l lo ws the  
sequence i l lus tra ted in Fig .  1 .  
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Fig.  1 .  Tube  hydroforming process:       

  1 .  superior die;  2 .  axia l  punches;  3 .  

tube;  4 .  in fer ior die;  5 .  part  

 
Fir s t  the tube is  p laced  between the  

dies ( figure 1 .a) .  Clamping device is  used 
to  close  the d ies and  to  apply sufficient  
c lamping force.  Tube  is  f i l led  wi th  
hydraulic  flu id  to  provide necessary 
in ternal  pressure.  Axial  punches are  used  
to  provide in i t ia l  seal ing to  avoid any 
pressure losses ( figure 1 .b) .  Fluid  pressure  
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within the tube i s  increased a f ter  the die  
closes to  cause necessary deformation wi th  
simul taneous appl ica t ion o f axia l  feed ing 
to  push the mater ial  in to  the deformation 
zone (f igure 1  c) .  The proper  combina tion 
of  axial  feed ing (F a x i a l)  and  internal  
pressure  (p )  are  applied  during the  
hydroforming process to  improve  
hydroforming capab il i t ies.  Once the tube  
touches the d ie ,  the  cal ibra t ion phase  
star t s .  Axia l  feeding i s  not  requi red during 
the ca l ibrat ion phase.  Tube is  subjec ted to  
large  pressures to  form corner  rad i i .  
Final ly,  the bulged tube  is  taken out  o f the  
die  ( f igure 1 .  d) .  

As i t  fo l lo ws i t  wi l l  present  some  
compara t ive result s  about  the tube  
hydroforming process of a  symmetr ical  
par t ,  consider ing as the main parameter  
the presence or  the absence o f the axial  
feeding o f  the  punches.    
 

3. Simulation Models Of  

Tube Hydroforming 
 

Finite  E lement Analysis  (FEA) i s  a  
powerful  simula t ion tool  for  ana lyz ing 
complex three dimensional  sheet  metal  
forming problems re lated to  potent ial  
forming defec ts  such as  tear ing,  wr inkl ing 
and spr ing back.  I t  can be used during the  
die  des ign stage or  as  a  t roubleshoo ting 
tool  in the production mode.  

The DYNAFORM-PC solut ion  
package was developed to  s tudy the i ssues  
stated  above  and  to  ass ist  the  die  des igner  
and s tamping engineer  in meeting “rap id  
prototyp ing” requirements.  

For  tube hydroforming s imula t ion two  
cases were developed:  the deformation 
wi thout  axial  moving o f the punches and  
the deformat ion wi th axial  moving o f the  
punches ,  consider ing as  the par t ,  the one  
presented in f igure 2 .  

R9,2

60
+

0 ,
1

-

11
2.

5

R4

25

Ø63

Ø43

+0,01-

0
+0,02

+
0,

05
-

+0
,1

-

Ø45 0

1+0,01
0

+0,02

 
Fig.  2 .  Part  considered for ob tain ing  

by tube hydroforming  

The genera l  model  of too ls for  
deformat ion i s  presented in figure 3 .  The  
di fference,  between two  models is  the 
presence o f the two plates at  the ends o f  
the tub in the case o f the defor mat ion wi th  
axia l  moving of the punches .  These pla tes  
simula te  the hydraulic  ends o f the axia l  
p is tons,  which are  in contac t  wi th the tube  
and  are  moving axia l ly.  

The blank is  a  tube (Φ45x127x1mm) 
made from stee l ,  having a  behaviour  type  
power:  

nK εσ ⋅=           (1)  
 

where :  K  i s  the constant  of the mater ial ,     
K  =  546.9  MPa; n  –  s tra in hardness  
coefficient ,  n= 0.19 

The mater ial  is  caracte r ized by the  
fo l lo wing aniso trophy coefficients r0 0  =  
1 .65;  r45  =  1 .25 ;  r9 0  =  1 .80.  
For  simulat ion we choose as f in i te  
e lement,  one element o f type  Belytschko-
Tsay,  wi th  5  integra t ion po ints.  The  
fr ic t ion coeficient  was equa l  to  0 .125.  
 

 
Fig.  3 .  Tools  model  in  tube  

hydro forming  process s imula tion 

 
The number  of f ini te  e lements used  

is :  1840  for  the  die ;  3400 for  the b lank;  
1830 for  the  two ends.  

The pressure used,  in the case o f the  
deformat ion wi thout  axial  moving o f the  
punches ,  was of  maximum 50 MPa,  and  the  
var ia t ion o f th is  in t ime is  presented in  
f igure 4 .  The pressure resul t s  a fter  some  
simula t ion tests .  
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Fig. 4. Pressure-time variation  

for deformation without axial  

punches moving 

 

In the case o f the deformat ion wi th  
axia l  moving,  the  pressure  used was o f  
maximum 40 MPa,  and the var ia t ion o f this  
in  t ime is  presented in  figure 5 .  The  
pressure resul t s  a f ter  some simulat ion 
tests .  Secondly,  in this  case i t  must  def ine  
the speed o f  the two  ends.  This was  
choosing o f 149 mm/s  for  both ends.   
 

 
 

Fig. 5. Pressure-time variation  

for deformation with axial  

punches movings 

 

3. Results And Discussions 
 

From the result s  ob tained,  i t  could be  
made next  observa t ions :                                             

a.  Pressure exer ted :  
In the fir s t  case ,  the p ressure was o f 50  
MPa to  get  the p iece we  are  looking for .  

The pressure exer ted in the second  
case was  40 MPa.   

b.  Th ickness:   

In the  fir s t  case,  the  tubular  e lement i s  
a l lo wed to  expand free ly that  i s  way the  
tube wall  wi l l  th in and the  radius  wi l l  
increase ( figure 6) .    

We observe tha t  the tube i s  thinner  in  
the middle o f the maximum deformation 

( less  than 0 .8  mm in comparison wi th the  
in i t ia l  va lue o f  1  mm).  

In  the  second  case the thickness  
var ia t ion i s  more constant  in  the  
deformat ion zone,  because axia l  
compress ion in the tube  ends appears as a  
supplementary deformation which a ffects  
the mater ial  behaviour  under  pressure.  The  
thickness in the tube ends i s  b igger  (about  
1 .1  mm) because o f the mater ial  axia l  
compress ion.  
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Fig. 6. Thickness variations  

in tube forming process 

 

c.  Plas t ic  S train:  

In the f ir st  case ,  the p last ic  s tra in in the  
guiding zone i s  negl igible  ( f igure 7)  and  
becomes maximum in expanding zone.  

In the second case the plast ic  stra in  
in  the guiding zone  i s  negligible  ( see a lso  
f igure 7)  and become maximum in 
expanding zone.  Also in this  case,  in the  
edges  o f the  tube  the plast ic  s trains  had  
higher  va lue because  o f axia l  compress ion.   
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Fig. 7. Plastic strain variations  

in tube forming process 
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d.  S l id ing veloc i ty:  

We charac ter ize this  us ing the to tal  
ve loc i ty parameter .  In  the f ir st  case  o f  
deformat ion the var ia t ion o f the to ta l  
ve loc i ty i s  non uni form.  In the second case  
the to ta l  veloci ty i s  a lmost  constant  and  
become b igger  in the deformat ion zone .  

There are  b ig d i fferences be tween the  
va lues o f the to ta l  ve loci t ies in the two  
cases.   
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Fig. 8. Total velocity variations  

in tube forming process 

 
e.  Von Misses:  

In the f ir st  case,  the va lues o f the  
maximum Von Misses  stress ( f igure 9 )  
show tha t  the ent ire  p iece supports  a  
p last ic  deformation.  The  va lue o f  this  
stresses  no exceed  the  fracture l imi t .  The  
upper  va lue o f  611 MPa is  not  b igger  than 
the admis ible  breaking va lue o f  the  
mater ia l  that  i s  700 MPa.  
 

 
 

Fig. 9. Von Mises stresses for deformation 

without axial punches movings 

In the second case of  deformat ion,  
the upper  value o f 596 MPa Von Mises  
stresses  i s  no t  b igger  than the ad misib le  
breaking va lue o f  the mater ia l  tha t  is  700  
MPa ( figure 10) .  

 
Fig. 10. Von Mises stresses for deformation 

with axial punches moving 

 
 

4. Conclusions 
 

In  the  case  o f the  deformat ion wi th  
axia l  compression we obtain a  more  
uni form stress  –  strain s tate .  Also the  
th ickness var iat ion i s  more uni form having 
as a  resul t  a  bet ter  qual i ty o f the par t .   
In  the  case o f  the  deformat ion wi th axia l  
compress ion,  a  supp lementary deformat ion 
appears a t  the ends  o f the  par t ,  which wi l l  
imply an add it ion operat ion o f cut t ing.   

The fr ic t ion cond it ions  are  be t ter  in  
the case o f the deformation wi th axial  
compress ion,  which i s  ref lec ted in the  
va lues o f s tresses.  

The leve l  o f  s tresses i s  smaller  in the  
case o f the deformation wi th axial  
compress ion.  
For  industr ia l  point  o f  v iew the ob ta ined  
result s  recommend the  deformat ion with 
axia l  moving o f the punches  as the best  
method of manufactur ing.       
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Simularea tehnologiei reconfigurabile  

de deformare hidraulică a tuburilor 
 

Rezumat 

 
Hidroformarea tuburilor este o metodă viabilă în fabricarea reperelor complexe de 
automobil şi totodată o tehnologie de fabricaŃie indispensabilă în multe alte sectoare 
industriale. Coordonarea presiunii interne cu avansul axial al poansoanelor este una 
din cerintele de bază ale procesului de hidroformare a tuburilor, coordonare care 
trebuie să garanteze obŃinerea unor repere fără ruperi sau cutări. În lucrare se 
prezintă câteva din rezultatele comparative ale hidroformării simetrice a tuburilor 
considerând ca principal parametru prezenŃa sau absenŃa avansului axial al 
poansoanelor.  

 
 
 

Simulation Der Reconfigurable 

Innenhochdruckumformung Technologie 
 

Zusammenfassung 

 
Innenhochdruckumformung (THF) ist eine entwicklungsfähige Methode für 
komplizierte Automobilteile und eine unentbehrliche Produktionstechnik in den 
letzten Jahren herstellen geworden. Korrdination der internen Druckregulierung und 
der axialen einziehenden Kurven ist im Innenhochdruckumformungprozeß kritisch, 
erfolgreiche Teile ohne Bruch zu erzeugen oder Knitternausfall. Im Papier werden 
einige vergleichbare Resultate über den Innenhochdruckumformungprozeß eines 
symmetrischen Teils dargestellt und betrachten als der Hauptparameter das 
Vorhandensein oder das Fehlen dem axialen Einziehen der Durchschläge. 

 


