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Table 1  Chemical composition of the tested alloy (ω/%) 

C Si Mn Cr Mo B Al Fe 

0.21 1.0 0.35 0.8 0.22 - - Bal. 
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Fig.1  Shape and sizes of the specimen 
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Table 2  Experimental parameters 

Process variables Low Median High 

I/kA 5 6.5 8 

T/cyc 10 15 20 

F/kN 2 3 4 

A

x

 0 - 1 

A
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/(°) 0 - 5 

F

t

 0 - 1 

T

h

/mm 0 - 0.3 

S

w

 0 - 1 

S

e

 0 - 1 

P
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/(°) 0 - 1.2 
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Fig.2  Specimens after spot welding 
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Fig.3  Spot weld nugget expulsion 
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Table 3  Experimental data 

No. x

1

 x

2

 x

3

 x

4

 x

5

 x

6

 x

7

 x

8

 x

9

 x

10

 y 

1 5 10 2 0 0 0 0.3 1 1 1.2 0 

2 5 10 3 1 5 1 0 0 1 1.2 0 

3 5 15 4 1 0 0 0.3 0 0 1.2 1 

4 5 15 4 0 5 1 0 1 0 0 0 

5 6.5 20 2 1 5 0 0.3 0 1 0 1 

6 6.5 20 3 1 0 1 0 0 1 0 1 

7 6.5 10 3 0 5 0 0.3 1 0 1.2 0 

8 6.5 10 4 0 0 1 0 1 0 1.2 0 

9 8 15 2 1 0 0 0.3 0 1 1.2 1 

10 8 15 2 0 5 1 0 1 1 0 0 

11 8 20 3 0 0 0 0.3 1 0 0 1 

12 8 20 4 1 5 1 0 0 0 0 0 

x  6.5 15 3 0.5 2.5 0.5 0.15 0.5 0.5 0.6 0.42 
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(0)

    1.0000    0.5000   -0.2500         0             0             0            0              0             0       -0.4082     0.2070

    0.5000     1.0000         0       0.4082         0      

R =

       0            0        -0.4082         0       -0.8165     0.6211

   -0.2500         0        1.0000         0             0        0.4082   -0.4082         0       -0.8165         0       -0.2070

         0         0.4082         0       1.0000         0             0             0       -1.0000    0.3333         0         0.5071

         0         0                  0            0        1.0000    0.3333   -0.3333         0            0        -0.3333    -0.5071

         0         0            0.4082         0        0.3333    1.0000   -1.0000         0            0        -0.3333    -0.5071

         0         0           -0.4082         0       -0.3333   -1.0000    1.0000         0            0         0.3333     0.5071

         0        -0.4082         0      -1.0000         0             0             0        1.0000   -0.3333         0        -0.5071

         0         0           -0.8165    0.3333         0             0             0       -0.3333    1.0000         0         0.1690

   -0.4082   -0.8165         0            0        -0.3333   -0.3333    0.3333         0            0         1.0000   -0.1690

    0.2070    0.6211   -0.2070    0.5071   -0.5071   -0.5071    0.5071   -0.5071    0.1690   -0.1690    1.0000
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Table 4  Value of the partial regression square sum 
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0.042857 0.38571 0.042857 0.25714 0.25714 0.25714 0.25714 0.25714 0.028571 0.028571 
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Fig.4  Effect of spot welding parameters on the expulsion 

of nugget 
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Fig.5  Expulsion probability curves of the nugget 
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Fig.6  Forces acting on the weldment during resistance spot 

welding in perfect fit-up 
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Fig.7  Forces acting on the weldment during resistance spot 

welding by an angular misalignment of electrodes 
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Fig.8  Von Mises stress contour in perfect fit-up 
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Fig.9  Von Mises stress contour by an angular misalignment of 

electrodes 
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Nugget Expulsion of Resistance Spot Welding of New High-Strength 

Plasticity B-Al-Rich Alloy 
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Abstract: A new B-Al-rich steel with high-strength and plasticity was developed and its resistance spot welding (RSW) performance was 

studied when used as the structure materials of automobiles. The hybrid orthogonal experiments of complex welding conditions were 

implemented under the ISO14327-2004 standard and the main factors that can influence the spattering of nuggets were found. The 

boundary curves of nugget-spatter lobe diagram that could effectively predicate the expulsion rate of the developed steel were also drawn. 

The relationships among the nugget size, spatter, welding process and environments were further understood. A moment balance function 

of nugget was developed and the function-based numerical simulation for the coefficient of swelling stress was conducted. Therefore, the 

further understood spatter mechanism promotes the engineering application of the developed hot-stamped steels. 

Key words: high strength plasticity; resistance spot welding; nugget expulsion; Logistic regression 
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