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Due to highly complex physics and mechanics behind, the causes of laser welding defects like undercuts, lack of fusion 

or pores and their impact on the fracture mechanics under load are only partially understood. High speed imaging 

enables to identify and study intermediate process and load conditions, respectively, that might fully determine whether 

and when certain welding defects occur and cause failure in operation. Accompanied by modelling and simulation, a 

systematic approach is aimed at for a theoretical description of the essential effects.  

Laser welding is superior to most other welding techniques with respect to speed, penetration depth and 

precision. Recently these advantages became even more significant owing to the rapid development of a new 

generation of high power lasers, in particular for fibre lasers with their extreme focusability. While these 

advantages are highly desirable for production and for advanced product development, the avoidance of 

welding defects is still a dominant criterion for the decision making on the implementation of new 

manufacturing technologies. Neither the classification nor the cause of welding defects is fully understood 

today, particularly for laser welding that often faces the extremes with respect to process conditions and joint 

geometries. Fig. 1 emphasizes that the improved understanding and control of two aspects is desired: (i) the 

definition of welding defects causing failure, particularly for complex load conditions, (ii) the definition of 

process conditions that cause these welding defects. The complexity of (i) the fracture mechanics and (ii) the 

process physics does not permit full control today, neither on (i) the definition of welding defects nor on (ii) 

their avoidance. 
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Fig. 1. (a) Laser welding defect: chain of (ii) cause and (i) fracture impact mechanisms, to be identified by       (b) 

high speed imaging (HSI, here: keyhole and weld pool), (c) weld notch defect, (d) resulting fracture 

Traditional approaches treat the above two aspects separately, and either aim at an empirical experimental 

description that used to be unsatisfactory and incomplete, or at a completely predictive numerical description 

that used to fail due to lack of knowledge of the conditions in detail. Moreover, the traditional approach is to 

develop (i) a completely universal standard for welding defects and (ii) a straight link between process 

parameters and the formation of welding defects. Both are not fully possible today - and might never be. In 

particular, the process is too complex for satisfactory explanation by experimental observation or numerical 

simulation, despite individual progresses. Therefore a novel approach is presented that on the one hand looks 

at the whole picture, see Fig. 1, but on the other hand instead of explaining it completely tries to identify and 

handle the essential aspects in a systematic manner, leading to converging knowledge that enables 

controllability of laser welding defects and in turn builds confidence in industry. 

For (i) the fracture mechanics the hypothesis is based on the assumption that certain geometrical weld details 

along with the geometrical load situation determine whether cracks are initiated, which will be observed by 

high speed imaging of mechanical testing. The generation of welding defects as the origin (ii) during the 

welding process can also be studied by high speed imaging that provides to some extent evidence on 

intermediate process conditions. Additional information for both cases can be obtained by FE-analysis and 

by mathematical modelling, however by applying them as a complementary rather than a purely predictive 

method, thus providing limited but profound additional information. Eventually, identification of the 

essential determining mechanisms will be the nucleus for developing and generalising a theoretical 

description of the generation and avoidance of welding defects and fracture. A systematic description of the 

approach is presented, demonstrated by first results that enable to discuss the potential and limitations of this 

method. 


