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ABSTRACT 
The purpose of this work is to evaluate the electrode wear behaviour and the distribution of 
hardness in a joint made by the resistance spot welding process. The lifetime of electrodes 
was evaluated by examination of the electrode caps after more than 2000 tests with 
acceptable welds. A microstructural evaluation by optical microscopy (OM) and scanning 
electron microscopy (SEM) was carried out. The microstructure of the welded joint is 
primarily composed of ferrite grains. The microhardness testing results indicated a 
significant increase in hardness in the weld nugget, caused by the formation of martensite 
in the fusion zone. The hardness results showed lower values in all regions at the end of the 
useful lifetime of the electrode. The methodology used for selection of welding parameters 
has highlighted an optimal combination of 200 kgf electrode force and 9-cycle (cy) welding 
time, to increase the lifetime of the electrode and to achieve more weld points. Still, the 
cover electrode tends to form brass (Zn + Cu) on the indentation obtained by spot welding, 
subsequently reducing the electrode life. The results indicate the importance of combining 
and optimizing the welding parameters in order to reduce the wear of the electrode used 
for resistance spot welding. 
 
KEYWORDS: electrode lifetime, microhardness, spot welding, nugget, Scanning Electron 
Microscopy (SEM). 
 

 
ACKNOWLEDGEMENTS 

 
The authors acknowledge the financial support of the Brazilian Agencies FAPERJ, CNPq and CAPES. 
 

REFERENCES 
 
[1] Bouyousfia B., Sahraouia T., Guessasmab S., Chaoucha K.T., Effect of process parameters on the physical characteristics of 
spot weld joints, Materials & Design, vol. 28, Issue 2, 2007, pp. 414–419.  
[2] Chao Y.J., Ultimate strength and failure mechanism of resistance spot weld subjected to tensile, shear, or combined tensile/shear 
loads, Journal of Engineering Materials and Technology, vol. 125, 2003, pp. 125-132  
[3] Akkaş N., Ilhan E., Varol F., Aslanlar S., Welding time effect on mechanical properties in resistance spot welding of 
s235jr(Cu) steel sheets used in railway vehicles, Acta Physica Polonica A, vol. 129, no.4, 2016, pp. 541-543. 
[4] Soderberg R., Warmefjord K., Lindkvist L., Berlin R., Williams N.T., Parker J.D., The influence of spot weld position 
variation on geometrical quality, International Materials Review, CIRP Annals-Manufacturing Technology, 61, 13-16, 2012. [4], 49, 
2004, pp. 45–75. 
[5] Marashia P., Pouranvarib M., Amirabdollahiana S., Abedic A., Goodarzid M., Microstructure and failure behavior of 
dissimilar resistance spot-welds between low carbon galvanized and austenitic stainless steels, Materials Science and Engineering A, 
480, 2008, pp. 175–180. 
[6] Pereira A.M., Ferreira J.M., Loureiro A., Costa J.D.M., Bártolo P.J., Effect of process parameters on the strength of 
resistance spot welds in 6082-T6 aluminium alloy, Materials and Design, 31, 2010, pp. 2454–2463. 
[7] Goodarz M., Marashi S.P.H., Pouranvari M., Dependence of overload performance on weld attributes for resistance spot 
welded galvanized low carbon steel, Journal of Materials Processing Technology, vol. 209, Issue 9, 2009, pp. 4379–4384. 
[8] Mukhopadhyay G., Bhattacharya S., Ray K.K., Strength of spot-welded steel sheets in corrosive environment, Materials and 
Corrosion, vol. 61, no. 5 , 2010, pp. 398-406. 
[9] Hayat F., Demir B., Acarer M., Aslanlar S., Adhesive weld bonding of interstitial free steel at spot welding for automotive 
application, Kovové Materiály - Metallic Materials, vol. 48, no. 2, 2010, pp. 137 - 143. 
[10] Lakshminarayanan A.K., Annamalai V.E., Elangovan K., Identification of optimum friction stir spot welding process 
parameters controlling the properties of low carbon automotive steel joints, Journal of Materials Research and Technology, vol. 4(3), 



Annals of “Dunarea de Jos” University, Fascicle XII   ISSN 1221-4639 
Welding Equipment and Technology, Vol. 27 (Year XXVII)  © Galati University Press, 2016 

Full paper: pp. 55-61 

2015, pp. 262–272.  
[11] Akkaş N., Ferik E., Ilhan E., Aslanlar S., The effect of welding current on nugget sizes in resistance spot welding of spa-c 
steel sheets used in railway vehicles, Acta Physica Polonica A, vol. 130, no. 1, 2016, pp. 142-144. 
[12] Bowers J., Sorensen C. D., Eagar T. W., Electrode geometry in resistance spot welding, Welding Research Supplement, 
February, 1990, pp. 145-s 151s. 
[13] Dias J. S., Costa H.R. M., Aguiar R.A.A., Lima R.A.A., Cunha M. L.A., Ferreira R.F., Influence of welding parameters in 
substrate/coating of galvanized sheets using resistance spot welding, Materials Science Forum, vol. 758, 2013, pp. 33-39. 
 [14] Freytag N.A., A comprehensive study of spot welding galvanized steel, Welding Journal, vol. 44, no. 4, 1965, pp. 145s-156s. 
[15] Parker J. D., Williams N.T., Holliday R. J., Mechanisms of electrode degradation when spot welding coated steels, Science 
and Technology of Welding and Joining, vol. 3, no. 2, 1998, pp. 65-74. 
[16] Hu X., Zou G., Dong S. J., Lee M.Y., Jung J.P., Zhou Y., Effects of steel coatings on electrode life in resistance spot welding 
of galvannealed steel sheets, Materials Transactions, vol. 51, no. 12, 2010, pp. 2236-2242. 
[17] Muftuoglu F., Keskinel T., Effect of coating thickness on electrode life in the spot welding of galvanized steels, Turkish Journal 
of Engineering and Environmental Sciences, 31, 2007, pp. 183 – 187. 
[18] Patil P., Patil S., Resistance spot welding of CRCA steel sheets using surface modified electrodes, International Journal of 
Innovative Research in Advanced Engineering, vol. 1, Issue 6, 2014, pp. 113-121. 
[19] Zou J., Zhao Q., Chen Z.: Surface modified long-life electrode for resistance spot welding of Zn-coated steel, Journal of 
Materials Processing Technology vol.  209, Issue 8, 2009, pp. 4141–4146. 
[20] Chakraborty G., Pal T.K., Shome M., Microstructure development in resistance spot welded galvannealed if steel sheet, 
Materials Science and Technology, vol. 27, no. 1, 2011, pp. 382-386.  
[21] Gould J.E, Khurana S.P, Li T., Predictions of microstructures when welding automotive advanced high-strength steels, Weld 
Journal, vol.85, no.5, 2006, pp. 111-116. 
[22] Khodabakhshi F., Kazeminezhad M., Kokabi A.H., Mechanical properties and microstructure of resistance spot welded 
severely deformed low carbon steel, Materials Science and Engineering A, vol. 529, 2011, pp. 237–245. 
[23] Yi L., Jinhe L., Huibin X., Chengzhi X., Lin L., Regression modeling and process analysis of resistance spot welding on 
galvanized steel sheet, Materials and Design, Volume 30, issue 7, 2009, pp. 2547-2555. 
[24] Long H., Hu Y., Jin X., Shao J., Zhu H., Effect of holding time on microstructure and mechanical properties of resistance spot 
welds between low carbon steel and advanced high strength steel, Computational Materials Science, 117, 2016, pp. 556–563. 
[25] Wang J., Wang H.P., Lu F., Carlson B.E., Sigler D.R., Analysis of Al-steel resistance spot welding process by developing a 
fully coupled multi-physics simulation model, International Journal of Heat and Mass Transfer 89, 2015, pp.1061–1072. 
[26] Wan Z., Wang H.P., Wang M., Carlson B.E., Sigler D.R., Numerical simulation of resistance spot welding of Al to zinc-
coated steel with improved representation of contact interactions, International Journal of Heat and Mass Transfer, 101, 2016, pp. 
749–763.  
[27] Oveisi M., Khosaravi M., Simulation of the effects of resistance spot welding variables on ultimate strength of St12 spot welds, 
Journal of Current Research in Science, S (1), 2016, pp. 232-236. 

 
 
 


