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A B S T R A C T A R T I C L E   I N F O 
The presented work aimed at studying the deep drawing process of a magne-
sium alloy sheet at elevated temperatures. This is because magnesium is being 
considered as a promising alternative for high strength steel and aluminium 
within many applications because of its low density and high specific strength. 
It is a well-known and recognised fact that fracturing and wrinkling during the 
deep drawing process can be minimised or eliminated by selecting an appro-
priate warm-forming temperature of the magnesium, as the formability of 
magnesium increases considerably as the temperature increases. Hence a 
warm formability study of AZ31 was performed and tested by experimental 
and simulation methods and resulted in superior formability at elevated tem-
peratures in both cases. A 3D Finite element model was developed for the 
simulation of circular cup deep drawing and tested for different temperatures 
ranging from room temperature to 300 °C and it was found that the limiting 
drawing ratio (LDR) increased significantly with any increase in temperature. 
The experimental and simulation results were found to be in good agreement. 
© 2015 PEI, University of Maribor. All rights reserved. 
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P O V Z E T E K  P O D A T K I   O   Č L A N K U 
Pričujoče delo je bilo namenjeno študiju globokega vleka pločevine iz magne-
zijeve zlitine pri povišanih temperaturah. Namreč, magnezijeve zlitine so pri 
mnogih aplikacijah obetavna alternativa jeklom z visoko trdnostjo in alumini-
jevim zlitinam, saj imajo nizko gostoto in visoko specifično trdnost. Znano je, 
da lahko razpoke in gubanje pri globokem vleku zmanjšamo ali odpravimo z 
izbiro ustrezne temperature magnezijeve zlitine, saj se sposobnost preobliko-
vanja s povišano temperaturo bistveno izboljša. Zaradi tega smo proučili vroče 
globoko vlečenje zlitine AZ31, in sicer eksperimentalno in tudi s pomočjo 
numerične simulacije. Oba pristopa sta pokazala odlično preoblikovalno spo-
sobnost pri povišanih temperaturah. Za potrebe numerične simulacije globo-
kega vleka smo uporabili krožno skodelico, ki smo jo opisali s 3D končnimi 
elementi in izvedli simulacije pri različnih temperaturah, od sobne temperatu-
re pa do 300 °C. Ugotovljeno je bilo, da se mejno vlečno razmerje (LDR) z 
višanjem temperature bistveno povečuje. Ujemanje eksperimentalnih rezulta-
tov in izidov, dobljenih s simulacijo, je bilo dobro.  
© 2015 PEI, University of Maribor. All rights reserved. 

 Ključne besede: 
Vlečenje 
Mejno vlečno razmerje (LDR) 
Vroče preoblikovanje 
Anizotropija 
Diagram mejnih deformacij 

*Kontaktna oseba:  
acsreddy64@gmail.com 
(Reddy, A.C.S.) 

Zgodovina članka:  
Prejet 13. julij 2014 
Popravljen (1) 17. februarja 2015 
Popravljen (2) 25. marca 2015 
Sprejet 26. marca 2015 

 

 

 

 

 

 

 

 

 

 

 

 



 

References 
[1] Bieler, T.R., Mishra, R.S., Mukherjee, A.K. (1996). Superplasticity in hard-to-machine materials, Annual Review of 

Materials Science, Vol. 26, 75-106, doi: 10.1146/annurev.ms.26.080196.000451. 
[2] Nguyen, N.T., Seo, O.S., Lee, C.A., Lee, M.G., Kim, J.H., Kim, H.Y. (2014). Mechanical behavior of AZ31B Mg alloy 

sheets under monotonic and cyclic loadings at room and moderately elevated temperatures, Materials, Vol. 7, 
No. 2, 1271-1295, doi: 10.3390/ma7021271. 

[3] Lee, J.D., Heo, Y.M., Chang, S.H., Choi, Y.C., Kim, H.Y., Seo, D.G. (2001). A study on the warm deep drawability of 
sheets in Cr-coated die, KSME International Journal, Vol. 15, No. 7, 839-846. 

[4] Venkateswarlu, G., Davidson, M.J., Tagore, G.R.N., (2010). Influence of process parameters on the cup drawing of 
aluminum 7075 sheet, International Journal of Engineering, Science and Technology, Vol. 2, No. 11, 41-49, doi: 
10.4314/ijest.v2i11.64553.  

[5] Gao, E.Z., Li, H.W., Kou, H.C., Chang, H., Li, J.S., Zhou, L. (2009). Influence of material parameters on deep drawing 
of thin-walled hemispheric surface part, Transactions of Nonferrous Metals Society of China, Vol. 19, No. 2, 433-
437, doi: 10.1016/S1003-6326(08)60291-5. 

[6] Ren, L.M., Zhang, S.H., Palumbo, G., Tricarico, L. (2008). Warm deep drawing of mfgnesium alloy sheets – 
Formability and process conditions, Proceedings of the Institution of Mechanical Engineering, Part B: Journal of 
Engineering Manufacture, Vol. 222, No. 11, 1347-1354, doi: 10.1243/09544054JEM1114. 

[7] Venkateswarlu, G., Davidson, M.J., Tagore, G.R.N. (2010). Finite element simulation of deep drawing of aluminum 
alloy at elevated temperatures, ARPN Journal of Engineering and Applied Sciences, Vol. 5, No. 7, 93-98. 

[8] Huang, T.B., Tsai, Y.A., Chen, F.K. (2006). Finite element analysis and formability of non-isothermal deep draw-
ing of AZ31B sheets, Journal of Material Processing Technology, Vol. 177, No. 1-3, 142-145, doi: 10.1016/ 
j.jmatprotec.2006.04.088. 

[9] Kim, H.S., Koç, M., Ni, J., Ghosh, A. (2006). Finite element modelling and analysis of warm forming of aluminum 
alloys – Validation through comparisons with experiments and determination of a failure criterion, Journal of 
Manufacturing Science and Engineering, Vol. 128, No. 3, 613-621, doi: 10.1115/1.2194065. 

[10] Erdin, M.E., Aykul, H., Tunalıoğlu, M.Ş. (2005). Forming of high strength/low formability metal sheets at elevated 
temperatures, Mathematical and Computational Applications, Vol. 10, No. 3, 331-340. 

[11] Palumbo, G., Sorgente, D., Tricarico, L., Zhang, S.H., Zheng, W.T. (2006). Numerical and experimental analysis of 
the warm deep drawing process for Mg alloys, Journal of Achievements in Materials and Manufacturing Engineer-
ing, Vol. 14, No. 1-2, 111-118. 

[12] Chen, F.K., Huang, T.B., Chang, C.K. (2003). Deep drawing of square cups with magnesium alloy AZ31 sheets, 
International Journal of Machine Tools and Manufacture, Vol. 43, No. 15, 1553-1559, doi: 10.1016/S0890-6955 
(03)00198-6. 

[13] Reddy, A.C.S., Rajesham, S., Reddy, P.R. (2014). Evaluation of limiting draing ratio (LDR) in deep drawing by 
rapid determination method, Internal Journal of Current Engineering and Technology, Vol. 4, No. 2, 757-762. 

[14] Reddy, A.C.S., Rajesham, S., Reddy, P.R., Kumar, T.P., Goverdhan, J. (2015). An experimental study on effect of 
process parameters in deep drawing using Taguchi technique, International Journal of Engineering, Science and 
Technology. Vol. 7, No. 1, 21-32, doi: 10.4314/ijest.v7i1.3. 

[15] Patil, S.M., Hussain, S.M., Kumar, K.R. (2014). Experimental and numerical analysis of springback in deep draw-
ing process, Global Journal of Engineering Science and Researches, Vol. 1, No. 7, 2014, 15-24. 

[16] Liu, Z. (2012). Numerical and experimental study of AZ31-O magnesium alloy warm sheet forming, Doctoral dis-
sertation, Ecole Nationale Supérieure des Mines de Paris, from https://pastel.archives-ouvertes.fr/pastel-
00718370/document, accessed March 25, 2015. 

 
 

 

http://dx.doi.org/10.1146/annurev.ms.26.080196.000451
http://dx.doi.org/10.3390/ma7021271
http://dx.doi.org/10.4314/ijest.v2i11.64553
http://dx.doi.org/10.4314/ijest.v2i11.64553
http://dx.doi.org/10.1016/S1003-6326(08)60291-5
http://dx.doi.org/10.1243/09544054JEM1114
http://dx.doi.org/10.1016/j.jmatprotec.2006.04.088
http://dx.doi.org/10.1016/j.jmatprotec.2006.04.088
http://dx.doi.org/10.1115/1.2194065
http://dx.doi.org/10.1016/S0890-6955(03)00198-6
http://dx.doi.org/10.1016/S0890-6955(03)00198-6
http://dx.doi.org/10.4314/ijest.v7i1.3
https://pastel.archives-ouvertes.fr/pastel-00718370/document
https://pastel.archives-ouvertes.fr/pastel-00718370/document

