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Abstract:
In resistance spot welding, metallographic cross sections can provide a wealth of 
knowledge regarding the quality of a spot weld and the welding process. However, 
this destructive method is time and labour intensive and ill-suited for quality 
monitoring of an assembly process. Ultrasonic inspection of a spot weld can also 
provided substantive information regarding the final nugget diameter and measure 
plate indentation, however, cannot directly measure the nugget penetration depth 
into the plates.
This paper presents a method for determining the geometric 
cross-section of a spot weld by using ultrasonic pulse-echo time of flight 
measurements during the welding process, where the liquid nugget is present. 
Reflected acoustic waves from the solid plate to liquid nugget interface can be 
measured to accurately determine the depth of nugget penetration into the plates. In 
addition, it can be shown that at the moment of complete liquid nugget 
solidification, the final plate thickness can be accurately measured to determine 
indentation.
Thus far, this method has been performed on stacks of two 
high-strength steel plates consisting of a combination on thin-thin, thin-thick and 
thick-thick plates ranging from 0.7 mm to 2.0 mm. Ultrasonic measurements performed 
with a state-of-the-art ultrasound transducer capable of imaging inline with the 
spot welding process. The results presented in this paper are a comparison between 
the ultrasonic cross-section dimensions and metallographic cross-sections to 
demonstrate the accuracy of this method. This paper also shows how, for a constant 
welding process, the final weld diameter can be accurately estimated from the nugget 
penetration depth and indentation, simplifying the number of measurements required 
for ultrasonically determining the weld cross-section.
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