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A B S T R A C T  A R T I C L E   I N F O 
The deep drawing process of thick sheet metal for vessel production is carried 
out by applying a tractrix die with the absence of a blank holder, which has 
economic benefits for industrial production. The main aim of the paper is the 
development of a reliable numerical thermo-mechanical model of a silicon 
brass vessel manufactured by a deep drawing process in a tractrix die and a 
subsequent ironing process, which includes the previous assembly of the dies 
with reinforcing rings that creates the required prestresses. The testing of the 
mechanical properties of silicon brass CuZn24Si was carried out by a standard 
uniaxial tensile test, thus a flow curve was determined to describe the material 
behaviour. The initial temperatures of the environment, blank and tools were 
measured with an infrared thermal imager. A comprehensive finite element 
stress analysis of the deformable tools was carried out for the assembly phase 
of the dies, and for workpiece and tools in the deep drawing and ironing pro-
cesses. The comparison of measured and numerically estimated temperatures 
had a good agreement, so the developed numerical model was confirmed and 
validated. This research study demonstrates how different process parameters 
can be investigated through a reliable and precise numerical model with comple-
mentary experimental research for the optimization of industrial technology. 

 Keywords: 
Deep drawing;  
Tractrix die;  
Reinforcing rings;  
Finite element method (FEM);  
Experimental-numerical approach; 
Numerical modelling;  
Simulation;  
Infrared imaging technology; 
Simufact.forming 

*Corresponding author:  
mandic@kg.ac.rs 
(Mandic, V.) 

Article history:  
Received 28 December 2023 
Revised 29 February 2024 
Accepted 1 March 2024 

 
Content from this work may be used under the terms of 
the Creative Commons Attribution 4.0 International Li-
cence (CC BY 4.0). Any further distribution of this work 
must maintain attribution to the author(s) and the title of 
the work, journal citation and DOI. 

 

References 
[1] Park, G., Park, R., Kwak, H., Kim, C. (2021). Design of a combined redrawing-ironing process to manufacture a CNG 

pressure vessel liner, Applied Sciences, Vol. 11, No. 18, Article No. 8295, doi: 10.3390/app11188295. 
[2] Pernis, R., Barényi, I., Kasala, J., Ličková, M. (2015). Evaluation of limiting drawing ration (LDR) in deep drawing 

process, Acta Metallurgica Slovaca, Vol. 21, No. 4, 258-268, doi: 10.12776/ams.v21i4.642.  
[3] Kesharwani, R.K., Basak, S., Panda, S.K., Pal, S.K. (2017). Improvement in limiting drawing ratio of aluminum tai-

lored friction stir welded blanks using modified conical tractrix die, Journal of Manufacturing Processes, Vol. 28, 
Part 1, 137-155, doi: 10.1016/j.jmapro.2017.06.002. 

[4] Loganathan, C., Narayanasamy, R. (2005). Effect of mechanical properties on the wrinkling behaviour of three 
different commercially pure aluminium grades when drawn through conical and tractrix dies, Materials Science 
and Engineering: A, Vol. 406, No. 1-2, 229-253, doi: 10.1016/j.msea.2005.06.037. 

https://doi.org/10.3390/app11188295
https://doi.org/10.12776/ams.v21i4.642
https://doi.org/10.1016/j.jmapro.2017.06.002
https://doi.org/10.1016/j.msea.2005.06.037


 

[5] Park, G.-Y., Kwak, H.-S., Jang, H.-S., Kim, C. (2022). Deep drawing process using a tractrix die for manufacturing 
liners for a CNG high-pressure vessel (Type II), Chinese Journal of Mechanical Engineering, Vol. 35, No. 15, 1-12, 
doi: 10.1186/s10033-022-00681-9. 

[6] Reddy, A.C.S., Rajesham, S., Reddy, P.R. (2015). Experimental and simulation study on the warm deep drawing of 
AZ31 alloy, Advances in Production Engineering & Management, Vol. 10, No. 3, 153-161, doi: 10.14743/ 
apem2015.3.199. 

[7] Mandic, V. (2012). Physical and numerical modelling of metal forming processes (in Serbian), Faculty of Mechanical 
Engineering, Kragujevac, Serbia. 

[8] Hrnjica, B., Behrem, Š. (2022), A new multi-objective optimization approach for process parameters optimization 
during numerical simulation of quenching steel parts, Advances in Production Engineering & Management, Vol. 17, 
No. 1, 16-32, doi: 10.14743/apem2022.1.418.  

[9] Mandić, V., Ćosić, P. (2011). Integrated product and process development in collaborative virtual engineering en-
vironment, Tehnički Vjesnik – Technical Gazette, Vol. 18, No. 3, 369-378.  

[10] Gusel, L., Boskovic, V., Domitner, J., Ficko, M., Brezocnik, M. (2018). Genetic programming method for modelling of 
cup height in deep drawing process, Advances in Production Engineering & Management, Vol. 13, No. 3, 358-365, 
doi: 10.14743/apem2018.3.296. 

[11] Adamovic, D., Mandic, V., Jurkovic, Z., Grizelj, B., Stefanovic, M., Marinkovic, T., Aleksandrovic, S. (2010). An exper-
imental modelling and numerical FE analysis of steel-strip ironing process, Tehnički Vjesnik – Technical Gazette, 
Vol. 17, No. 4, 435-444. 

[12] Elplacy, F., Samuel, M. Mostafa, R. (2022), Modelling and simulation of hot direct extrusion process for optimal 
product characteristics: Single and multi-response optimization approach, Advances in Production Engineering & 
Management, Vol. 17, No. 1, 33-44, doi: 10.14743/apem2022.1.419.  

[13] Tomáš, M., Evin, E., Kepič, J., Hudák, J. (2019). Physical modelling and numerical simulation of the deep drawing 
process of a box-shaped product focused on material limits determination, Metals, Vol. 9, No. 10, 1058-1074, doi: 
10.3390/met9101058.  

[14] Volk, M., Nardin, B., Dolsak, B. (2014). Determining the optimal area-dependent blank holder forces in deep draw-
ing using the response surface method, Advances in Production Engineering & Management, Vol. 9, No. 2, 71-82, 
doi: 10.14743/apem2014.2.177.  

[15] Musafija, B. (1979). Metal forming by plastic deformation, Svetlost, Sarajevo, Bosnia and Herzegovina.  
[16] Romhanji, E., Milenković, V., Drobnjak, D. (1992). The grain size and alloying influence on the strain hardening of 

polyerystalline α-brasses, International Journal of Materials Research, Vol. 83, No. 2, 110-114, doi: 10.1515/ijmr-
1992-830208. 

[17] Hexagon. HxGN virtual manufacturing, from https://www.simufact.com/simufactforming-forming-simulation.html, 
accessed November 25, 2023.  

[18] Popović, M., Mandić, V., Delić, M., Pavićević, V. (2021). Experimental-numerical analysis of hot forging process with 
monitoring of heat effects, In: Karabegović, I. (ed.), New technologies, development and application IV, NT 2021, 
Lecture notes in networks and systems, Springer, Cham, Switzerland, 341-349, doi: 10.1007/978-3-030-75275-
0_38. 

[19] Hou, F., Zhang, Y., Zhou, Y., Zhang, M., Lv, V., Wu, J. (2022). Review on infrared imaging technology, Sustainability, 
Vol. 14, No. 18, Article No. 11161, doi: 10.3390/su141811161. 

[20] Usamentiaga, R., Venegas, P., Guerediaga, J., Vega, L., Molleda, J., Bulnes, F. (2014). Infrared thermography for tem-
perature measurement and non-destructive testing, Sensors, Vol. 14, No. 7, 12305-12348, doi: 10.3390/ s14071 
2305. 

[21] Fluke. Ti200, Ti300, Ti400, Thermal imagers, Users manual, from https://www.fluke-direct.com/pdfs/cache/ 
www.fluke-direct.com/ti200-60hz/manual/ti200-60hz-manual.pdf, accessed December 15, 2023.  

 
 

https://doi.org/10.1186/s10033-022-00681-9
https://doi.org/10.14743/apem2015.3.199
https://doi.org/10.14743/apem2015.3.199
https://doi.org/10.14743/apem2022.1.418
https://doi.org/10.14743/apem2018.3.296
https://doi.org/10.14743/apem2022.1.419
https://doi.org/10.3390/met9101058
https://doi.org/10.3390/met9101058
https://doi.org/10.14743/apem2014.2.177
https://doi.org/10.1515/ijmr-1992-830208
https://doi.org/10.1515/ijmr-1992-830208
https://www.simufact.com/simufactforming-forming-simulation.html
https://doi.org/10.1007/978-3-030-75275-0_38
https://doi.org/10.1007/978-3-030-75275-0_38
https://doi.org/10.3390/su141811161
https://doi.org/10.3390/s140712305
https://doi.org/10.3390/s140712305
https://www.fluke-direct.com/pdfs/cache/%20www.fluke-direct.com/ti200-60hz/manual/ti200-60hz-manual.pdf
https://www.fluke-direct.com/pdfs/cache/%20www.fluke-direct.com/ti200-60hz/manual/ti200-60hz-manual.pdf

