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            초록
          
        

        
          The automotive industry is researching ways to lighten vehicle bodies to improve fuel efficiency. Mechanical joining of dissimilar materials through self-piercing rivet (SPR) is used as an effective weight reduction method. Therefore, the use of SPR triple joint of dissimilar materials is increasing. However, research on SPR triple joints and joint performance evaluation is lacking. In this study, the cross-tension strength of aluminum triple joint using 9 mm SPR was investigated. A finite element analysis program LS-DYNA was used to analyze the causes of joint failure of aluminum alloy joints by simulating a cross-tension test. This study is expected to predict the joint performance of SPR in the early stage of development.

        

      

      
        Keywords: 
Self piercing rivet, Cross-tension test, Aluminum alloys, Stress concentration, Triple joint

      

    

    

  
    
      Acknowledgments
      이 연구은 2021년 정부(중소벤처기업부)의 재원으로 중소기업기술정보진흥원의 지원과 2023년도 정부(산업통상자원부)의 재원으로 한국산업기술진흥원의 지원을 받아 수행되었으며, 이에 관계자 여러분께 감사드립니다. (S3073212, 2021 년 중소기업기술혁신개발사업), (P0008425, 2023년 산업혁신인재성장지원사업)

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Kim, S. H., Bae, G., Song, J. H., Park, K. Y., Park, N., 2020, Influence of the Flow Stress of the Rivet on the Numerical Prediction of the Self-Piercing Rivet (SPR) Joining, Transactions of Materials Processing, 29:5 257-264.
			[https://doi.org/10.5228/KSTP.2020.29.5.257]
		
        

        
          	
            
              2. 
            
          
          	Tisza, M., 2014, Advanced Materials in Sheet Metal Forming, Key Engineering Materials, 581 137-142.
			[https://doi.org/10.4028/www.scientific.net/KEM.581.137]
		
        

        
          	
            
              3. 
            
          
          	Manladan, S. M., Yusof, F., Ramesh, S., Fadzil, M., Luo, Z., Ao, S., 2017, A Review on Resistance Spot Welding of Aluminum Alloys, Int. J. Adv. Manuf. Technol., 90 605-634.
			[https://doi.org/10.1007/s00170-016-9225-9]
		
        

        
          	
            
              4. 
            
          
          	Kang, Y. S., Park, J. H., Jeon, Y. H., Hong, M. S., 2018, Study on the 3-layer Joining of Aluminum Alloy and Steel Plate Using Self-piercing Riveting, J. Korean Soc. Manuf. Technol. Eng., 27:4 307-316.
			[https://doi.org/10.7735/ksmte.2018.27.4.307]
		
        

        
          	
            
              5. 
            
          
          	KS, 2021, Resistance Welding — Destructive Testing of Welds — Specimen Dimensions and Procedure for Cross Tension Testing of Resistance Spot and Embossed Projection Welds, KS B ISO14272, Korean Standard Association (KSA), South Korea.
        

        
          	
            
              6. 
            
          
          	KS, 2021, Resistance welding — Destructive Testing of Welds — Specimen Dimensions and Procedure for Tensile Shear Testing Resistance Spot and Embossed Projection Welds, KS B ISO14273, Korean Standard Association (KSA), South Korea.
        

        
          	
            
              7. 
            
          
          	Lin, J., Qi, C., Wan, H., Min, J., Chen, J., Zhang, K., Zhang, L., 2021, Prediction of Cross-tension Strength of Self-piercing Riveted Joints Using Finite Element Simulation and XGBoost Algorithm, Chin. J. Mech. Eng., 34 1-11.
			[https://doi.org/10.1186/s10033-021-00551-w]
		
        

        
          	
            
              8. 
            
          
          	Haque, R., Durandet, Y., 2016, Strength Prediction of Self-pierce Riveted Joint in Cross-tension and Lap-shear, Mater. Des., 108 666-678.
			[https://doi.org/10.1016/j.matdes.2016.07.029]
		
        

        
          	
            
              9. 
            
          
          	Kim, C., Min, K. M., Choi, H., Kim, H. J., Lee, M. G., 2018, Development of Analytical Strength Estimator for Self-piercing Rivet Joints through Observation of Finite Element Simulations, Int. J. Mech. Sci., 202-203 106499.
			[https://doi.org/10.1016/j.ijmecsci.2021.106499]
		
        

        
          	
            
              10. 
            
          
          	Jeong, C. H., Kim, D. Y., Oh, H. S., Cheon, S. S., 2018, FE Analysis of Self-Piercing Rivet (SPR) Process and Tensile Behaviours, J. Korean Soc. Precis. Eng., 35:9 875-880.
			[https://doi.org/10.7736/KSPE.2018.35.9.875]
		
        

        
          	
            
              11. 
            
          
          	Wang, B., Hao, C., Zhang, J., Zhang, H., 2006, A New Self-piercing Riveting Process and Strength Evaluation, J. Manuf. Sci. Eng., 128:2 580-587.
			[https://doi.org/10.1115/1.2137746]
		
        

        
          	
            
              12. 
            
          
          	Abe, Y., Maeda, T., Yoshioka, D., Mori, K. I., 2020, Mechanical Clinching and Self-pierce Riveting of Thin Three Sheets of 5000 Series Aluminium Alloy and 980 MPa Grade Cold Rolled Ultra-high Strength Steel, Materials, 13:21 4741.
			[https://doi.org/10.3390/ma13214741]
		
        

        
          	
            
              13. 
            
          
          	Mori, K., Abe, Y., Kato, T., 2014, Self-pierce Riveting of Multiple Steel and Aluminium Alloy Sheets, J. Mater. Process. Technol., 214:10 2002-2008.
			[https://doi.org/10.1016/j.jmatprotec.2013.09.007]
		
        

        
          	
            
              14. 
            
          
          	Ludwik, P., 1909, Einfluß der Deformationsgeschwindigkeit mit besonderer Berücksichtigung der Nachwirkungserscheinungen, Elemente der Technologischen Mechanik, 44-53.
			[https://doi.org/10.1007/978-3-662-40293-1_4]
		
        

        
          	
            
              15. 
            
          
          	Andersson, D., Saliba, F., 2020, Virtual Testing of Self-piercing Rivet Connections, Master Thesis, Luleå University, Kingdom of Sweden.
        

        
          	
            
              16. 
            
          
          	Wang, D., Kong, D., Xie, C., Li, S., Zong, L., 2022, Study on the Effect of Rivet die Parameters on Joint Quality of Self-piercing Riveting Employed 3D Modeling and MCDM Method, Int. J. Adv. Manuf. Technol., 119 8227-8241.
			[https://doi.org/10.1007/s00170-022-08759-3]
		
        

        
          	
            
              17. 
            
          
          	Carandente, M., Dashwood, R. J., Masters, I. G., Han, L., 2016, Improvements in Numerical Simulation of the SPR Process using a Thermo-mechanical Finite Element Analysis, J. Mater. Process. Technol., 236 148-161.
			[https://doi.org/10.1016/j.jmatprotec.2016.05.001]
		
        

        
          	
            
              18. 
            
          
          	Hoang, N. H., Hopperstad, O. S., Langseth, M., Westermann, I., 2013, Failure of Aluminium Self-piercing Rivets: An Experimental and Numerical Study, Mater. Des., 49 323-335.
			[https://doi.org/10.1016/j.matdes.2013.01.034]
		
        

        
          	
            
              19. 
            
          
          	Mucha, J., 2011, A Study of Quality Parameters and Behaviour of Self-piercing Riveted Aluminium Sheets with Different Joining Conditions, Strojniški vestnik-Journal of Mechanical Engineering, 57:4 323-333.
			[https://doi.org/10.5545/sv-jme.2009.043]
		
        

        
          	
            
              20. 
            
          
          	Jang, H. S., Yun, S. M., Park, H. S., Lee, D. G., Kim, S. Y., 2023, A Study on the Riveting Behavior of Self-piercing Rivets in 3 Aluminum Alloy Plates using FEM, Proc. Korean Soc. Manuf. Technol. Eng. Spring Conf., 127.
        

      

    

    

  
    
      
        Seung-Min Yun
        
          
        

        Master. Candidate of Manufacturing Innovation School, Inha University. His research interest is Mechanical Engineering.

        E-mail: ysm8823@inha.edu

      

      
        Hyeong-seok Jang
        
          
        

        Master. Candidate of Manufacturing Innovation School, Inha University. His research interest is Mechanical Engineering.

        E-mail: phantom@inha.edu

      

      
        Dae-guk Lee
        
          
        

        Master. Candidate of Manufacturing Innovation School, Inha University. His research interest is Mechanical Engineering.

        E-mail: kskdevil@inha.edu

      

      
        Hee-soo Park
        
          
        

        Ph.D. Candidate of Manufacturing Innovation School, Inha University. His research interest is Mechanical Engineering.

        E-mail: parkheesoo@inha.edu

      

      
        Sang-Yeol Kim
        
          
        

        Professor of Manufacturing Innovation School, Inha University. His research interest is Mechanical Engineering.

        E-mail: skyfgh@inha.ac.kr

      

    

    

  OEBPS/images/big_33_1.jpg





OEBPS/images/data/ksmte/39615/KSMTE_2024_v33n1_11_bf005.jpg





OEBPS/images/data/ksmte/39615/KSMTE_2024_v33n1_11_bf003.jpg





OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/ksmte/39615/KSMTE_2024_v33n1_11_bf004.jpg
- b





OEBPS/images/data/ksmte/39615/KSMTE_2024_v33n1_11_bf002.jpg





OEBPS/images/data/ksmte/39615/KSMTE_2024_v33n1_11_bf001.jpg





