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            Abstract
          
        

        
          As a type of bolt with a spherical head, the ball stud is widely used as a part of a ball joint in steering or suspension systems in automobiles. Balls and studs are subjected to heat treatment suitable for each material; in particular, the shear strength of the ball stud must meet the specifications of the production company. This study evaluated the shear strength of joints according to the cooling method of ball studs subject to resistance welding. The shear stress of water cooling was higher than that of air cooling (as-received material). Note, however, that oil cooling showed lower stress than that of as-received. When judged by standard deviation, mean, and coefficient of variation according to the arithmetic statistics and shape parameter as well as scale parameter, oil cooling is suitable.
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      1. Introduction
      As a sphere-shaped fastening element for mechanical parts, ball stud is used as a component in ball joints. Unlike ordinary bolt fasteners, the ball stud distributes the overloads and over-momentums acting on the mechanical parts through the slippage and rotation of the sphere. It also ensures that the mechanical part can move in multi-directions. Because of this characteristic, the ball stud is widely used in nearly all types of mechanical devices from suspension systems to steering systems in cars.1-3)

      In their manufacture, the ball and stud each undergo heat treatments optimized for their constituent materials and then get bonded together with resistance welding. Because the welded junction produces detrimental effects on the structure,4-7) such as residual stresses, however, the ball studs are heat-treated to give it structural uniformization which increases toughness and manufacturability.8-11) Note, however, that this kind of heat treatment significantly impacts the shear strength of the resistance-welded ball stud. Depending on the material, air cooling, water cooling, and oil cooling give rise to different resistance characteristics against damage or destruction. Thus, the characteristics of the ball stud attributable to the different cooling method12-14) are very important factors in guaranteeing the stability of the mechanical structure.15-17)

      This paper compares the shear strengths of the bonded area of the resistance-welded ball stud by changing the cooling method and evaluates the stability using Weibull analysis.

    

    

  
    
      2. Materials and Testing method
      The ball stud in this study is used as a ball joint component. The ball was made with SS400 carburized steel and allowed to harden. Surface hardness was HRC 55-65, and carburization depth was 1.0~2.0 mm. The stud was made with SCM435, hardened, and tempered. The surface hardness was HRC 33~37, and the surface was coated with black Zn-Ni.

      The resistance welding device used in this study was WT70-V-M, made by Weltech. The optimal welding conditions (current of 10.3kA, pressure of 3.75 ㎏/㎠) determined through the air cooling mentioned earlier were used in the welding of the ball stud. To evaluate the shear strength characteristics for each type of cooling, the ball stud was kept at 820, 840, 860, and 880℃ for an hour, and then subjected to water cooling and oil cooling.

      Shear strength testing was performed at room temperature using tester NT-502A made by CAS (Inc.) at speed setting of 5 mm/min. The cut cross section was observed with SEM.

    

    

  
    
      3. Results and Review
      Figs. 1 and 2 show the shearing stresses on the test sample after it had been resistance-welded, kept for an hour at the four heat treatment temperatures, and then subjected to water cooling and oil cooling. The earlier reported results (“As received” in Figs. 1 and 2) of the shearing stress test on the air-cooled sample exhibit a substantial degree of scattering and distribution. This sample underwent water cooling and oil cooling because, prior to welding, the material was considered to have gone through very uneven heat treatment. The shearing stress results displayed in Figs. 1 and 2 were obtained by cooling the basic material at room temperature right after welding under the condition of pressure = 3.75 ㎏/㎠ and welding current = 10.3 kA. While there are differences in the degree of spread, it could be observed that the shear stress measurement data followed a distribution curve. Probabilistic evaluation based on the distribution curve is viewed as increasingly important for improving the accuracy of material strength evaluations. The shearing stress levels were also found to contain variations that were probabilistic and non-determinable. Based on these considerations, for ease of interpretation and to follow the weakest link hypothesis, Weibull statistical analysis was done by applying the 2-parameter Weibull distribution shown below.18-21)
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        Fig. 1 
				
        

        
          Shear stress according to cooling temperature in water cooling
        
        

        

      

      
        
        

        Fig. 2 
				
        

        
          Shear stress according to cooling temperature in oil cooling
        
        

        

      

      In this expression, α is a shape parameter representing variations in the probability factor, and β is a scale parameter representing the characteristic lifetime when the probability of malfunction reaches 63.2%.

      In Figs. 3 and 4, the shear stress on the welded sample in Figs. 1 and 2 based on different cooling methods was represented in a Weibull probability distribution paper. The data points form a straight line; thus, it can be concluded that the shear stress follows the Weibull probability distribution.
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          Weibull probability distribution of shear     stress from water cooling
        
        

        

      

      
        
        

        Fig. 4 
				
        

        
          Weibull probability distribution of shear     stress from oil cooling
        
        

        

      

      Fig. 3 is the result for water cooling. In water cooling, the welded sample showed much higher shear stress distribution than the base metal       (as-received material) but the variances remained the   same. Shear stress exhibited a tendency to increase slightly with increased heat treatment temperature.

      Fig. 4 is the result for oil cooling. In oil cooling, the welded sample showed lower shear stress levels than the base metal (as-received material) but the variances were smaller. The result also suggests that the heat treatment temperature has little effect on stress.

      As shown by the results, water cooling and oil cooling produced smaller variances than those of the as-received material. This is because the material undergoes uniformization at high temperatures of the heat treatment process. The shear stresses in the as-received material, water cooling, and oil cooling all meet the 180㎏/㎟ shear stress specification of the production company. When the fracture lifetime is considered, however, oil cooling can be deemed more suitable because of its smaller variances.

      Tables 1 and 2 show the shape parameter and scale parameters of the Weibull distribution function estimated for the shear stress in the water-cooled and oil-cooled welded sample. The standard deviation, mean, and coefficient of variation were also included.

      
        Table 1 
				
        

        
          Estimated Weibull parameters for shear stress from water cooling
        
        

      

      
        
          
            	Water
cooling temp.
(℃)
            	Shape
parameter
            	Scale
parameter
            	Std/Mean/COV
          

        
        
          	As-received
          	21.6
          	27.4
          	1.40/26.8/0.052
        

        
          	820
          	26.9
          	34.1
          	1.43/33.5/0.043
        

        
          	840
          	27.6
          	34.3
          	1.38/33.7/0.041
        

        
          	860
          	28.9
          	34.7
          	1.41/34.1/0.041
        

      

      

      
        Table 2 
				
        

        
          Estimated Weibull parameters for shear stress from oil cooling
        
        

      

      
        
          
            	Oil cooling temp.
(℃)
            	Shape
parameter
            	Scale
parameter
            	Std/Mean/COV

          

        
        
          	As-received
          	21.6
          	27.4
          	1.40/26.8/0.052
        

        
          	820
          	29.1
          	22.8
          	0.87/22.4/0.029
        

        
          	840
          	30.5
          	22.4
          	0.87/22.0/0.040
        

        
          	860
          	51.8
          	22.4
          	0.49/22.2/0.022
        

      

      

      A graphical representation of the shape parameter and scale parameter in Tables 1 and 2 is shown in Fig. 5. The data markers ○,□ indicate the as-received material; the data markers △, ▽ are for water cooling, and the data markers ▲,▼ are for oil cooling. The shape parameter for the oil-cooled sample appears larger than that for the as-received material and the water-cooled sample, indicating small variances. In other words, the shape parameters for the as-received material and water cooling lie between 21.6 and 29.7, and the shape parameter for the oil-cooled sample is between 30.5 and 53.5. On the other hand, the scale parameter for the water-cooled case is much larger than that of the as-received material and the oil-cooled sample. This indicates a 63.2% characteristics lifetime, the as-received material is 27.4, and the oil-cooled sample is 22.4∼22.9, but the water-cooled sample is 34.1∼35.5. In this manner, the characteristic lifetime for the water-cooled sample was shown to be high. When the variances and shear stress level specified by the production customer are considered, however, oil cooling is deemed to be superior.

      
        
        

        Fig. 5 
				
        

        
          Shape parameter and scale parameter of Weibull probability from cooling type
        
        

        

      

      Fig. 6 shows the mean shear stress according to the cooling type. In the figure, the standard deviations are represented as a solid line. The mean shear stress for the water-cooled sample was higher than that of the as-received material, whereas the mean shear stress for the oil-cooled sample was lower than that of the as-received material. The shear stresses in both types of cooling were almost at the same levels. Note, however, that the standard deviations in water cooling (0.038~0.043) were much higher than those in the oil cooling case (0.022~0.040).

      
        
        

        Fig. 6 
				
        

        
          Mean shear stress according to cooling type
        
        

        

      

      When all the factors such as Weibull probability distribution, shape and scale parameters, statistics-based standard deviations, and mean and coefficient of variation are considered overall, oil cooling is judged to be the best method.

      Fig. 7 shows the images of the fractured surface after the ball stud had been heat-treated at 820℃ and then subjected to water cooling and oil cooling. The arrows in the photographs indicate the directions of the fractures.

      
        
        

        Fig. 7 
				
        

        
          Fractured surface by cooling type. (a) water cooling, (b) oil cooling 
        
        

        

      

      In the water-cooled case, the front and sides cooled rapidly; this caused the stud, which was made with the very hard SCM435 material, to fracture along the 45odirection. Note, however, that oil cooling increases ductility; likewise, since the ball is made with SS400, this resulted in ball fracturing in the form of a depression.

      Fig. 8 shows the fractured surface when the ball studs were both subjected to heat treatment at 820℃ and then water-cooled and oil-cooled. Fig. 8(a) presents the case of water cooling, and Fig. 8(b) is the case of oil cooling. The starting point of the fracture is a cleavage fracture surface containing many small dimple-shaped inclusions.  The center and end points are also cleavage fracture surfaces containing many small dimples.

      
        
        

        Fig. 8 
				
        

        
          SEM fractography of different cooling types. (a) water cooling, (b) oil cooling
        
        

        

      

      In general, because water cooling has a high gradient, it generates many grain fractures; note, however, that they are brittle fracture surfaces with a slight degree of ductility. (b) Due to oil cooling, both dimples and ductile fractures are formed at the depressed fracture starting point. The sloped portion of the fractured surface has crystallized ductile fractures due to oil cooling.

    

    

  
    
      4. Conclusions
      This research evaluated the reliability for the shear strength of the weld junction in the resistance-welded ball stud for each type of cooling. The shear stress of water cooling showed higher stress than the air cooling (as-received specimen), but the oil cooling showed lower stress than the as-received specimen. The shear stress of oil cooling showed lower stress than the as-received specimen, but the dispersion was less. Also, the effect of heat treatment temperature was not significant. The reliability of shear strength was analyzed by 2-parameter Weibull distribution. When judged by the shape parameter, scale parameter, standard deviation, and mean and coefficient of variation (COV), oil cooling is the best cooling method.

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	J. H. Song,  and Y. T. Lim,  (1999), "Development of the Process Design System for a Ball Stud", Transactions of the Korean Society of Mechanical Engineers A, 23(10), p1646-1657.
        

        
          	
            
              2. 
            
          
          	J. J. Lee, H. W. Seo, M. I. Choi,  and Y. B. Lee,  (2012), "Study of Mechanical Special Quality by Ball Stud Processing Method", Proceeding of The Korean Society of Manufacturing Process Engineers 2012 Spring Annual Meeting, p42.
        

        
          	
            
              3. 
            
          
          	H. Paul,  (2008), "Steering systems with steel housings in passenger cars and light commercial vehicles", A T Z Worldwide, 100(9), p12-16.
        

        
          	
            
              4. 
            
          
          	Y. Z. Itoh, S. Suruga,  and H. Kashiwaya,  (1989), "Prediction of fatigue crack growth rate in welding residual stress field", Engineering Fracture Mechanics, 33(3), p397-407.
			[https://doi.org/10.1016/0013-7944(89)90089-1]
		
        

        
          	
            
              5. 
            
          
          	T. L. Teng, C. P. Fung, P. H. Chang,  and W. C. Yang,  (2001), "Analysis of residual stresses and distortions in T-joint fillet welds", International Journal of Pressure Vessels and Piping, 78(8), p523-538.
			[https://doi.org/10.1016/s0308-0161(01)00074-6]
		
        

        
          	
            
              6. 
            
          
          	G. A. Webster,  and A. N. Ezeilo,  (2001), "Residual stress distributions and their influence on fatigue lifetimes", nternational Journal of Fatigue, 23, p375-383.
			[https://doi.org/10.1016/s0142-1123(01)00133-5]
		
        

        
          	
            
              7. 
            
          
          	M. Mochizuki,  (2007), "Control of welding residual stress for ensuring integrity against fatigue and stress–corrosion cracking", Nuclear Engineering and Design, 237(2), p107-123.
			[https://doi.org/10.1016/j.nucengdes.2006.05.006]
		
        

        
          	
            
              8. 
            
          
          	M. Lomozik,  (2000), "Effect of the welding thermal cycles on the structural changes in the heat affected zone and on its properties in joints welded in low-alloy steels", Welding International, 14, p845-850.
			[https://doi.org/10.1080/09507110009549281]
		
        

        
          	
            
              9. 
            
          
          	B. Silwal, L. Li, A. Deceuster,  and B. Griffiths,  (2013), "Effect of Postweld Heat Treatment on the Toughness of Heat-Affected Zone for Grade 91 Steel", Welding Journal, 92, p80-87,  (http://files.aws.org/wj/supplement/WJ_2013_03_s80).
        

        
          	
            
              10. 
            
          
          	S. I. Lee, J. Y. Kang, S. Y. Lee,  and B. Hwang,  (2016), "Effect of Microstructural Factors on Strength and Ductility in Hypoeutectoid Steels with Ferrite-Pearlite Structure", J. of the Korean Society for Heat Treatment, 29(1), p8-14.
			[https://doi.org/10.12656/jksht.2016.29.1.8]
		
        

        
          	
            
              11. 
            
          
          	S. Y. Park, Y. J. Kang, S. S. Kang,  and S. G Lee,  (2018), "Effect of Post-Weld Heat Treatment Temperature on the Mechanical Properties and Microstructure of Simulated Weld Heat-Affected Zone of SA-516 Grade 70 Carbon", J Korean Weld Join Soc, 36(2), p82-88.
        

        
          	
            
              12. 
            
          
          	D. W. Sun,  and L. Wang,  (2000), "Heat transfer characteristics of cooked meats using different cooling methods, International Journal of Refrigeration", 23(7), p508-516.
			[https://doi.org/10.1016/S0140-7007(99)00079-1]
		
        

        
          	
            
              13. 
            
          
          	Y. J. Lan, D. Z. Li,  and Y. Y. Li,  (2004), "Modeling austenite decomposition into ferrite at different cooling rate in low-carbon steel with cellular automaton method", Acta Materialia, 52(6), p1721-1729.
			[https://doi.org/10.1016/j.actamat.2003.12.045]
		
        

        
          	
            
              14. 
            
          
          	S. Zheng, Q. Wu, Q. Huang, S. Liu,  and Y. Han,  (2011), "Influence of different cooling rates on the microstructure of the HAZ and welding CCT diagram of CLAM steel", Fusion Engineering and Design, 86(9-11), p2616-2619.
			[https://doi.org/10.1016/j.fusengdes.2011.02.072]
		
        

        
          	
            
              15. 
            
          
          	S. H. Lee, B. C. Kim,  and D. G. Kwon,  (1992), "Correlation of microstructure and fracture properties in weld heat-affected zones of thermomechanically controlled processed steels", Metallurgical Transactions A, 23(10), p2803-2816.
			[https://doi.org/10.1007/bf02651759]
		
        

        
          	
            
              16. 
            
          
          	J. D. Kordatos, G. Fourlaris,  and G. Papadimitriou,  (2001), "The Effect of Cooling Rate on the Mechanical and Corrosion Properties of SAF 2205 (UNS 31803) Duplex Stainless Steel Welds", Scripta materialia, 44, p401-408.
			[https://doi.org/10.1016/s1359-6462(00)00613-8]
		
        

        
          	
            
              17. 
            
          
          	T. Noda,  (1998), "Application of cast gamma TiAl for automobiles", Intermetallics, 6(7-8), p709-713.
			[https://doi.org/10.1016/S0966-9795(98)00060-0]
		
        

        
          	
            
              18. 
            
          
          	K. W. Nam, S. D. Cho, S. J. Kim,  and S. H. Ahn,  (2017), "A study on Weibull Probability Statistics Characteristics for Vickers Hardness of Degraded Stainless Steel", Journal of the Korean Society for Power System Engineering, 21(5), p79-85.
			[https://doi.org/10.9726/kspse.2017.21.5.079]
		
        

        
          	
            
              19. 
            
          
          	C. S. Kim, K. W. Nam,  and S. H. Ah,  (2017), "Failure Analysis and Weibull Statistical Analysis according to Impact Test of the Angular Pin for Injection Molding Machines", Journal of the Korean Society for Power System Engineering, 21(3), p37-44.
			[https://doi.org/10.9726/kspse.2017.21.3.037]
		
        

        
          	
            
              20. 
            
          
          	K. W. Nam, S. D. Cho, S. J. Kim,  and S. H. Ah,  (2017), "A study on Weibull Probability Statistics Characteristics for Vickers Hardness of Degraded Stainless Steel", Journal of the Korean Society for Power System Engineering, 21(5), p79-85.
			[https://doi.org/10.9726/kspse.2017.21.5.079]
		
        

        
          	
            
              21. 
            
          
          	Y. N. Lee, K. W. Nam,  and S. H. Ahn,  (2018), "Characteristics and Weibull Probability Statistics Analysis of the Degraded Zinc Alloy for Die Casting", Journal of the Korean Society for Power System Engineering, 22(3), p32-37.
			[https://doi.org/10.9726/kspse.2018.22.3.032]
		
        

      

    

    

  OEBPS/images/big_22_6.jpg
ISSN 1226-7813(Print)

ISSN 2384-1354 (Onine)
PIRHIIE SIHXI

SI=SHI IS SR

Journal of the Korean Society for Power System Engineering

Vol.22 No. 6
December, 2018

-

62 20184 128

Engineering

@3 =553

The Korean Society for Power System Engineering





OEBPS/images/data/pse/17786/KSPSE_2018_v22n6_44_f007.jpg





OEBPS/images/data/pse/17786/KSPSE_2018_v22n6_44_f002.jpg
Shear stress (kg/mm’)

40

0

2%

0

15

10

%

Asreceived

b0 B0 860
Cooling temperature (‘C)

880






OEBPS/images/data/pse/17786/KSPSE_2018_v22n6_44_f005.jpg
60

50

0

30

Shape parameter / Seale parameter

- As received (Shape)

~4- Water cooling (Shape)
~7- Water coolng (Scale)
~A-Oil cuoling (Shape)
~y- il cooling (Scale)

— Shape parameter
-0~ Ascreceived (Scale) Scale parameter

As-received 820 840 860
Cooling temperature (‘C)

880





OEBPS/images/data/pse/17786/KSPSE_2018_v22n6_44_f008.jpg
(b) oil cooling





OEBPS/images/_common/images/crossref.gif





OEBPS/images/data/pse/17786/KSPSE_2018_v22n6_44_f001.jpg
Shear stress (kg/mm’)

40

s

0

2

0

oo

Water cooly

Asreceived 820 840 860
Cooling temperature ('C)

880






OEBPS/images/data/pse/17786/KSPSE_2018_v22n6_44_f006.jpg
Mean shear stress (kg/mm’)

T T —v
y—y ¥ !
/ 7~ Water cooling
- Ol cooling

SN

Yy —

As-received 820 840 860 880
Cooling temperature (°C)





OEBPS/images/_common/images/orcid.gif





OEBPS/images/data/pse/17786/KSPSE_2018_v22n6_44_f003.jpg
Probability (%)

¥ es23288 3

Water cooling

[~ Asrecehed
—o— 0
—— s
e ss0C
—— s






OEBPS/images/data/pse/17786/KSPSE_2018_v22n6_44_f004.jpg
2 sseszes 3

Probability (%)

‘Shear stress (kg/m)





