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Numerical simulation of material flow in the cyclic closed-die forging process 

 
One of the objectives in forging and stamping technologies is to simplify the process and develop 
technologies that allow the workpiece to retain its initial or nearly initial dimensions and shape 
after the deformation cycle is completed. Considering the recent advancements in the 
development of such processes, this article presents an attempt to design equipment capable of 
providing variable cyclic loading and proposes a cyclic closed-die forging (CCDF) method. To 
conduct a preliminary evaluation of the CCDF method and to investigate the plastic flow of 6061-
T4 aluminum alloy during CCDF, numerical modeling was carried out using the finite element 
method (FEM) in the commercial FEM software DEFORM-3D. The main focus was on the 
characteristics of the metal flow. The simulation revealed the presence of diagonal and vortex-
like flows in the metal during CCDF, with the flow pattern being non-uniform. 
 



2 (49) 2025

2
 

 

32 
 

Keywords: finite element method (FEM), cyclic closed-die forging (CCDF) method, metal flow, 
6061-T4 aluminum alloy, DEFORM-3D. 

 
References 

 
1 Edalati K., Bachmaier A., Beloshenko V.A., Beygelzimer Y., Blank 

J., Divinski S., Enikeev N.A., Estrin Y., Faraji G., Figueiredo R.B., Fuji M., Furuta T., Grosdidier T., Gubicza 

T.G., Leiva D.R., Levitas V.I., Mazilkin A., Mito M., Miyamoto H., Nishizaki T., Pippan R., Popov V.V., 

S., Toth L.S., Tsuji N., Valiev R.Z., Wilde G., Zehetbauer M.J., Zhu X. Nanomaterials by severe plastic 
deformation: review of historical developments and recent advances // Materials Research Letters. 2022. 
Vol. 10(4).  256. 

2 Segal V. Review: Modes and Processes of Severe Plastic Deformation (SPD) // Materials. 2018. 
Vol. 11.   

3 Abishkenov M., Ashkeyev Z., Nogaev K. Investigation of the shape rolling process implementing 
intense shear strains in special diamond passes // Materialia.  2022.  Vol. 26.   

pulling workpieces through a special die with an inclined working surface // Engineering Solid Mechanics. 
2021.  Vol. 9(2).  176. 

5 Abishkenov M., Ashkeyev Z., Nogaev K., Bestembek Y., Azimbayev K., Tavshanov I. On the 
possibility of implementing a simple shear in the cross-section of metal materials during caliber rolling // 
Engineering Solid Mechanics.  2023.  Vol. 11(3).  262. 

6 Obiko J.O., Mwema F.M., Bodunrin M.O. Finite element simulation of X20CrMoV121 steel billet 
forging process using the Deform 3D software // SN Applied Sciences.  2019.  Vol. 1.  

7 
multiaxial forging on MaxStrain System // International Journal of Mechanical Sciences.  2014. Vol. 84. 

188. 
8 

and microstructural properties // Procedia Manufacturing.  2019.  Vol. 37.  260. 
9 Moon Y.H., Van Tyne C.J. Validation via FEM and plasticine modeling of upper bound criteria of a 

process-induced side-surface defect in forgings // Journal of Materials Processing Technology.  2000.  Vol. 
99(1 3).  196. 

10 Zhou W., Shi Z., Lin J., Dean T.A. An upper bound solution for deformation field analysis in 
differential velocity sideways extrusion using a unified stream function // International Journal of Mechanical 
Sciences.  2022.  Vol. 224.   

11 Hsiang S.-H., Lin S.-L. Application of 3D FEM-slab method to shape rolling // International Journal 
of Mechanical Sciences.  2001.  Vol. 43(5).  1177. 

12 Liu Y., Li F., Jiang H.W. Microstructural analysis and mechanical properties of AZ31 magnesium 
alloy prepared by alternate extrusion (AE) // International Journal of Advanced Manufacturing Technology. 
2017.  Vol. 92.  4301. 

13 Kulagin R., Beygelzimer Y., Ivanisenko Yu., Mazilkin A., Straumal B., Hahn H. Instabilities of 
interfaces between dissimilar metals induced by high pressure torsion // Materials Letters.  2018. Vol. 222. 
 175. 

14 Beygelzimer Y., Varyukhin V., Synkov S., Orlov D. Useful properties of twist extrusion // Materials 
Science and Engineering: A.  2009.  Vol. 503(1 2).  17. 

15 
twist extrusion investigated with a new experimental method // Journal of Materials Processing Technology. 
 2009.  Vol. 209(7).  3656. 

16 Shahbaz M., Pardis N., Ebrahimi R., Talebanpour B. A novel single pass severe plastic deformation 
technique: Vortex extrusion // Materials Science and Engineering: A.  2011.  Vol. 530.  472.

 
 


