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Ironing is a conventional metal forming process for producing thin walled cans with uniform thickness 
components manufactured from deep drawn cups. The most important drawback of the conventional 
ironing is that the lower thickness reduction ratio (TRR) requires annealing process and multi stage 
ironing. Recently  a new ironing process named constrained ironing was presented by the current 
authors to achieve an extra TRR to solve the conventional ironing problems. This process  which is 
based on the compressive stresses  makes it possible to achieve high TRR without interruption for 
additional processing such as multi-stage ironing and annealing. In this paper FEM simulation was 
performed to investigate the effective parameters. The simulation results showed the process load 
increases with increasing the friction coefficient. Also  the state of the stresses is fully compressive in 
constrained ironing process while it is tensile in the conventional ironing method. Thus  compressive 
stress components minimize formability problems  and higher thickness reduction ratio is achievable in 
the new ironing method. Moreover  experimental results showed that the tensile strength and hardness 
increased after constrained ironed of the deep drawn cup. 
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b) 
Fig. 1 A schematic of a) conventional ironing and b) 
constrained ironing 
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Table 1 The pure Al properties and process parameters  
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a( d)                     c)                     b)                      
Fig. 2 The models of a) deep drawn cup  b) conventional ironed 
cup  c) constrained ironed cup with 30% TRR and d) 80% TRR 
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Fig. 3 load-displacement curves of the finite element simulation 
and experiment 
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Fig. 4 Equivalent friction coefficient FEM simulation with the 
experiment 
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a(   b)                                                            
Fig. 5 The contour of axial stress for (a) constrained and (b) 
conventional ironing 
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Fig. 6 Deep drawn and ironed cup  
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c) 
Fig. 7 Optical microscope images of a) annealed sample  b) and 
c) ironed sample 
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Fig. 8 Engineering stress-strain curves of deep drawn and 
ironed cups 
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Fig. 9 Engineering stress-strain diagram of annealed sample  
constrained ironed sample and hydro ironed sample 

9   
  

 

  
  

Fig. 10 Microardness distribution in the deep drawn and ironed 
cup walls 

10     

     
 

 . 
    

 -6  
  

 . -
 .

 
 

 . 
   

  
 0.08   

  
   

 

 

 
 80 

  . 
   

 
    . 

7 -  
[1] G. Faraji  M. M. Mashhadi  R.  Hashemi  Using the finite element 

method for achieving an extra high limiting drawing ratio (LDR) of 
9 for cylindrical components  CIRP Journal of Manufacturing 
Science and Technology  Vol. 3  No. 4  pp. 262-267  2010. 

[2] M. M. Moshksar  A. H. Kalvarzi  Ironing of aluminum cups  
Materials and Manufacturing Processes  Vol. 16  No.  4  pp. 461-
470  2001. 

[3] D.F. Chang  J. E. Wang  Influence of Process Parameters on the 
Ironing of Deep-Drawn Cups  Journal of Manufacturing Science 
and Engineering  Vol. 119  No. 4  pp. 699-705  1997. 

[4] M. Merklein  J. M. Allwood  B. A. Behrens  A. Brosius  H. 
Hagenah  K. Kuzman  K. Mori  A. E. Tekkaya  A. Weckenmann  
Bulk forming of sheet metal  CIRP Annals - Manufacturing 
Technology  Vol. 61  No. 2  pp. 725-745  2012. 

[5] T. F. Abdelmaguid  R. K. Abdel-Magied  M. Shazly  A. S. Wifi  A 
dynamic programming approach for minimizing the number of 
drawing stages and heat treatments in cylindrical shell multistage 
deep drawing  Computers & Industrial Engineering  Vol. 66  No. 3  
pp. 525-532  2013. 

[6] F. Djavanroodi  D. S. Abbasnejad  E. H. Nezami  Deep drawing of 
aluminum alloys using a novel hydroforming tooling  Materials 
and Manufacturing Processes  Vol. 26  No. 5  pp. 796-801  2011. 

[7] A. Shirazi  K. Abrinia  G. Faraji  Hydro ironing; a novel ironing 
method with a higher thickness reduction  Materials and 
Manufacturing Processes  Vol. 30  No. 1  pp.99-103  2015. 

[8] S.H. Kim  S.H. Kim  H. Huh  Tool design in a multi-stage drawing 
and ironing process of a rectangular cup with a large aspect ratio 
using finite element analysis  International Journal of Machine 
Tools and Manufacture  Vol. 42  No. 7  pp. 863-875  2002. 

[9] M. S. Ragab  H. Z. Orban  Effect of ironing on the residual stresses 
in deep drawn cups  Journal of Materials Processing Technology  
Vol. 99  No. 1-3  pp. 54-61  2000. 

[10]Z. Kampuš  B. Nardin  Improving workability in ironing  Journal of 
Materials Processing Technology  Vol. 130–131  pp. 64-68  2002. 

[11]D. Delarbre  P. Montmitonnet  Experimental and numerical study 
of the ironing of stainless steel cups  Journal of Materials 
Processing Technology  Vol. 91  No. 1-3  pp. 95-104  1999. 

[12]J. Tirosh  D. Iddan  M. Silviano  Hydrostatic Ironing—Analysis and 
Experiments  Journal of Manufacturing Science and Engineering  
Vol. 114  No. 2  pp. 237-243  1992. 

[13]M. Khodsetan  G. Faraji  K. Abrinia  A Novel Ironing Process with 
Extra High Thickness Reduction: Constrained Ironing  Materials 
and Manufacturing Processes  Vol. 30  No. 11  pp. 1324-1328  
2015. 

[14]S. S. N. Murty  V.  C.  Sekhar  Experimental and theoretical 
investigation of the flexible-mandrel ironing process  Journal of 
Materials Processing Technology  Vol. 41  No.  2  pp. 213-226  
1994. 

[15]M. Schünemann  M. A. Ahmetoglu  T. Altan  Prediction of process 

0

20

40

60

80

100

0

40

80

120

160

200

240

 annealed
sample

 constrained
ironed sample

 hydro ironed
sample

El
on

ga
tio

n 
(%

)

St
re

ss
 (M

Pa
)

YS
UTS
EL



    

     

  

146  1395162  

conditions in drawing and ironing of cans  Journal of Materials 
Processing Technology  Vol. 59  No. 1-2  pp. 1-9  1996. 

[16]S. K. Singh  V. Kumar  P. Prudvi Reddy  A. K. Gupta  Finite 
element simulation of ironing process under warm conditions  
Journal of Materials Research and Technology  Vol. 3  No. 1  pp. 
71-78  2014. 

[17]D. Adamovic  V. Mandic  Z. Jurkovic  B. Grizelj  M. Stefanovic  T. 
Marinkovic  S. Aleksandrovic  An experimental modelling and 
numerical FE analysis of steel-strip ironing process  Tehni ki 
vjesnik  Vol. 17  No. 4  pp. 435-444  2010. 

[18]J. Courbon  Damage evolution in a compressive forming process: 
ironing of beverage cans  Scripta Materialia  Vol. 48  No.  4  pp. 
1519-1524  2003. 

[19]W. F. Hosford  R. M. Caddell  Metal forming: mechanics and 
metallurgy  pp. 258  New York: Cambridge University Press  2011.  

[20] Z. Kampuš  Ironing with Superimposed Force   Proceedings of the 
33rd International MATADOR Conference  Manchester  United 
Kingdom  pp. 347-352. 2000. 

[21]B. Baudelet  B. Grange  Damage in deep-drawn and ironed can 
bodies in an aluminium alloy  Scripta Metallurgica et Materialia  
Vol. 26  No. 3  pp. 375-379  1992. 

[22]H. Takeuchi  Numerical simulation technology for lightweight 
aluminum can  Journal of Materials Processing Technology  Vol. 
38  No. 4  pp. 675-687  1993. 

 


