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            초록
          
        

        
          This study presents a bending strength design for an external pinwheel gear set (e-PGS) pinion by incorporating an elastohydrodynamic lubrication-based friction coefficient formula for gear tooth surfaces. First, variations in the coefficient of friction are investigated under various design parameters, operating conditions, tooth surface roughness, and gear oil viscosity conditions. The contact force considering friction is then numerically determined, and the bending strength design is conducted based on the calculated contact force. Finally, the tooth root bending stress does not show significant changes with or without friction. We can conclude that friction can be neglected only in an e-PGS strength design.

        

      

      
        Keywords: 
e-PGS(external pinwheel gear set), Slide-to-roll ratio, Coefficient of friction, Transmitted tangential force, Tooth root bending stress

      

    

    

  
    
      Acknowledgments
      본 연구는 중소벤처기업부의 기술혁신개발사업의 일환으로 수행하였음. [S3276835, 로봇관절 및 공작기계용 50arcsec급 하이엔드 정밀 감속기 개발]

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Kwon, S.-M., 2015, Contact Stress of Slewing Bearing with External Pinwheel Gear Set, J. Korean Soc. Manuf. Technol. Eng., 24:2 231-237.
			[https://doi.org/10.7735/ksmte.2015.24.2.231]
		
        

        
          	
            
              2. 
            
          
          	Kwon, S.-M., Shin, H. C., 2016, Estimation of Contact Fatigue Life of a Girth Gear Based on Pinwheel, J. Korean Soc. Manuf. Technol. Eng., 25:4 245-252.
			[https://doi.org/10.7735/ksmte.2016.25.4.245]
		
        

        
          	
            
              3. 
            
          
          	Kwon, S.-M., 2018, Contact Fatigue Life of Yaw Drive Pinion using e-PGS, Trans. Korean Soc. Mech. Eng. A, 42:6 557-563.
			[https://doi.org/10.3795/KSME-A.2018.42.6.557]
		
        

        
          	
            
              4. 
            
          
          	Kwon, S. -M., Park, Y. S., 2020, Strength Design of Slewing Drive Pinion for Ship Unloader, J. Korean Soc. Manuf. Technol. Eng., 29:5 386-392.
			[https://doi.org/10.7735/ksmte.2020.29.5.386]
		
        

        
          	
            
              5. 
            
          
          	Kwon, S. -M., 2021, Bending Strength Design of e-PGS Pinion Considering Gear Precision, J. Korean Soc. Manuf. Technol. Eng., 30:6 465-472.
			[https://doi.org/10.7735/ksmte.2021.30.6.465]
		
        

        
          	
            
              6. 
            
          
          	Kwon, S. -M., Lee, Y. H., 2023, Strength Design of e-PGS Pinion Considering Dedendum Modification, J. Korean Soc. Manuf. Technol. Eng., 32:5 289-296.
			[https://doi.org/10.7735/ksmte.2023.32.5.289]
		
        

        
          	
            
              7. 
            
          
          	Xu, H., 2005, Development of a Generalized Mechanical Efficiency Prediction Methodology for Gear Pairs, Doctoral Dissertation, The Ohio State University, USA.
        

        
          	
            
              8. 
            
          
          	Xu, H., Kahraman, A., Anderson, N. E., Maddock, D. G., 2007, Prediction of Mechanical Efficiency of Parallel-Axis Gear Pairs, J. Mech. Des., 129:1 58-68.
			[https://doi.org/10.1115/1.2359478]
		
        

        
          	
            
              9. 
            
          
          	ANSI/AGMA, 2004, Fundamental Rating Factors and Calculation Methods for Involute Spur and Helical Gear Teeth, ANSI/AGMA 2001-D04, American Gear Manufacturers Association, USA.
        

        
          	
            
              10. 
            
          
          	ISO, 2006, Calculation of Load Capacity Spur and Helical Gears – Part 3: Calculation of Tooth Bending Strength, ISO 6336-3:2006, International Organization for Standardization, Geneva.
        

        
          	
            
              11. 
            
          
          	Vullo, V., 2020, Gears - Volume 2: Analysis of Load Carrying Capacity and Strength Design, Springer Nature Switzerland AG, Switzerland.
        

        
          	
            
              12. 
            
          
          	Spitas, V., Papadopoulos, G. A., Spitas, C., Costopoulos, T., 2011, Experimental Investigation of Load Sharing in Multiple Gear Tooth Contact Using the Stress-Optical Method of Caustics, Strain, 47:s1 e227-e233.
			[https://doi.org/10.1111/j.1475-1305.2008.00558.x]
		
        

        
          	
            
              13. 
            
          
          	Pedrero, J. I., Pleguezuelos, M., Artés, M., Antona, J. A., 2010, Load Distribution Model Along the Line of Contact for Involute External Gears, Mech. Mach. Theory, 45:5 780-794.
			[https://doi.org/10.1016/j.mechmachtheory.2009.12.009]
		
        

        
          	
            
              14. 
            
          
          	Sanchez, M. B., Pedrero, J. I., Pleguezuelos, M., 2013, Critical Stress and Load Conditions for Bending Calculations of Involute Spur and Helical Gears, Int. J. Fatigue, 48 28-38.
			[https://doi.org/10.1016/j.ijfatigue.2012.11.015]
		
        

        
          	
            
              15. 
            
          
          	Matsumoto, S., Toyota, N., 2013, Estimation Formula of Friction Coefficient of Rolling-Sliding Contact Surface under Mixed Lubrication Condition (Part 2), J. Japanese Soc. Tribologists, 58:9 676-684.
			[https://doi.org/10.18914/tribologist.58.09_676]
		
        

        
          	
            
              16. 
            
          
          	Fernandes, C., Martins, R., Seabra, J., 2016, Coefficient of Friction Equation for Gears Based on a Modified Hersey Parameter, Tribol. Int., 101 204-217.
			[https://doi.org/10.1016/j.triboint.2016.03.028]
		
        

        
          	
            
              17. 
            
          
          	Blech, N., Paschold, C., Amar, L., Lohner, T., Tobie, T., Stahl, K., 2023, Review of Different Calculation Approaches for the Mean Coefficient of Friction in ISO 6336, Forschung im Ingenieurwes, 87 1169-1179.
			[https://doi.org/10.1007/s10010-023-00718-y]
		
        

        
          	
            
              18. 
            
          
          	Marques, P., Martins, R., Seabra, J., 2016, Power Loss and Load Distribution Models Including Frictional Effects for Spur and Helical Gears, Mech. Mach. Theory, 96 1-25.
			[https://doi.org/10.1016/j.mechmachtheory.2015.09.005]
		
        

        
          	
            
              19. 
            
          
          	Park, C. I., 2019, The Impact of Sliding Friction on Tooth Root Stress Analysis of Spur Gears, Trans. Korean Soc. Mech. Eng. A, 43:7 459-465.
			[https://doi.org/10.3795/KSME-A.2019.43.7.459]
		
        

      

    

    

  
    
      
        Soon-man Kwon
        
          
        

        Full Professor in the School of Mechanical Engineering, Changwon National University. His research interests are Pin Gear Drive Unit and Speed Reducer.

        E-mail: smkwon@changwon.ac.kr

      

      
        Yong-Ho Lee
        
          
        

        Ph.D. Candidate in the Department of Mechanical Design and Manufacturing Engineering, Changwon National University. His research interest is Pin Gear Drive Unit.

        E-mail: yonghowave@changwon.ac.kr

      

    

    

  OEBPS/images/big_33_2.jpg





OEBPS/images/data/ksmte/40287/KSMTE_2024_v33n2_99_bf001.jpg





OEBPS/images/data/ksmte/40287/KSMTE_2024_v33n2_99_bf002.jpg
=% )





OEBPS/images/_common/images/crossref.gif





