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Abstract 

Cut-edge failure after blanking and laser cutting was studied in detail by tracking the microstructure evolution 
before and after cutting and during subsequent deformation to failure, by in-situ biaxial Marciniak testing 
under optical and electron microscopy with digital-imaged-correlation-based strain mapping and nano-
indentation, all for the same steel. This wealth of data sheds new light on the apparent contradiction in the 
‘cut-edge failure’ literature, e.g. why micro-damage initiated much earlier in laser-cut specimens but their 
strain-to-failure is almost twice that of blanked specimens. Guide-lines for improved cutting process are 
provided. 

 

Introduction 

Among the many cutting techniques, blanking and laser cutting are the most commonly used cutting 
techniques due to their high efficiency, sufficient accuracy and reasonable cost. A key concern for the 
industry, however, is failure at the cutting surface during the subsequent forming, so-called ‘cut-edge failure’, 
especially for advanced high strength steels with complex phases used by the automotive industry. Yet, the 
number of well-defined micro-structural investigations of cut-edge failure in combination with the resulting 
micro-mechanical effects on formability is limited. Moreover, no direct comparison of the fundamental 
differences between two different cutting techniques, applied to the same sheet material, is available in the 
literature. Therefore, the goal of to investigate cut-edge failure in more depth by (i) by characterizing the 
microstructure evolution before and after cutting and during subsequent deformation up to failure, (ii) 
comparing these results for blanking and laser cutting, and (iii) by focusing on a well-known steel grade, i.e. 
dual phase steel.  

 

Methods 

Therefore, in this work, the as-cut microstructure and resulting micro-mechanical deformation of blanking 
with 2.5% and 10% clearance and laser cutting was characterized in detail using in-situ biaxial Marciniak 
testing [6] under optical and electron microscopy [2,7,8] combined with digital-imaged-correlation-based 
strain mapping [1,3] and nano-indentation.[4,5] Dual phase (DP) steel is selected as a model material for this 
study because of (i) its relatively simple microstructure consisting only of ferrite [11] and martensite [12], (ii) 
extensively researched microstructure and damage evolution, also in our lab (see, e.g., [1-13]), and (iii) high 
relevance for the automotive industry. 

 

Results  

The strain-to-failure of laser cutting is almost twice that of blanking, even though micro-damage initiates 
already at 8% strain in the ~60µm-thick, brittle, fully-martensitic surface layer in the laser-cut affected zone. 
Detailed microstructural investigation, see, e.g., Fig. 1, revealed that the ~145µm-thick tempered-martensite 
sub-surface layer provides the toughness to first delay micro-damage propagation and subsequently arrest 
the crack growth, see, e.g., Fig. 2, which explains the high strain-to-failure of laser cutting.   

 

 
 

Figure 1: Secondary electron (SE) image of the different microstructures in the heat-affected zone of 
a laser-cut specimen (the white dashed marks the cutting edge) 



 

 
 

Figure 2: (c ̶ f) In-situ SEM images, captured in (c,d) BSE-mode for micro-damage visualization and 

(e,f) SE-mode for crack propagation visualization, at (c) first observation of micro-damage (indicated 

by the white arrow), (d) the last image before macro-crack observation, (e) arrested crack growth, and 

(f) final failure. The colored curves in (c ̶ f) mark the location of heat-affected sub-zones, A – E, with 

the same color coding and distance to the (deformed) cut edge taken as the as-cut state in Fig. 1. The 

rolling direction is in the vertical direction.  
 

Conclusions 

Blanking and laser cutting was studied in detail for dual phase steel, providing interesting new insight and 
understanding in cut-edge failure in general as well as specific guide-lines for an improved cutting process 
that can be readily adopted by the industry. 

 

References 

[1] Tasan, C. C., Hoefnagels, J. P. M., Ten Horn, C. H. L. J., & Geers, M. G. D. (2009). Experimental analysis of strain path dependent 
ductile damage mechanics and forming limits. Mechanics of materials, 41(11), 1264-1276. 
[2] Tasan, C. C., Hoefnagels, J. P. M., & Geers, M. G. D. (2009). A brittle-fracture methodology for three-dimensional visualization of 
ductile deformation micromechanisms. Scripta Materialia, 61(1), 20-23. 
[3] Tasan, C. C., Hoefnagels, J. P. M., & Geers, M. G. D. (2010). Microstructural banding effects clarified through micrographic digital 
image correlation. Scripta Materialia, 62(11), 835-838. 
[4] Tasan, C. C., Hoefnagels, J. P. M., & Geers, M. G. D. (2009). A critical assessment of indentation-based ductile damage 
quantification. Acta materialia, 57(17), 4957-4966. 
[5] Tasan, C. C., Hoefnagels, J. P. M., & Geers, M. G. D. (2012). Identification of the continuum damage parameter: An experimental 
challenge in modeling damage evolution. Acta Materialia, 60(8), 3581-3589. 
[6] Tasan, C. C., Hoefnagels, J. P. M., Dekkers, E. C. A., & Geers, M. G. D. (2012). Multi-axial deformation setup for microscopic testing 
of sheet metal to fracture. Experimental mechanics, 52(7), 669-678. 
[7] Tasan, C. C., Hoefnagels, J. P., Diehl, M., Yan, D., Roters, F., & Raabe, D. (2014). Strain localization and damage in dual phase 
steels investigated by coupled in-situ deformation experiments and crystal plasticity simulations. International Journal of Plasticity, 63, 
198-210. 
[8] Hoefnagels, J. P., Tasan, C. C., Maresca, F., Peters, F. J., & Kouznetsova, V. G. (2015). Retardation of plastic instability via 
damage-enabled microstrain delocalization. Journal of materials science, 50(21), 6882-6897. 
[9] Du, C., Hoefnagels, J. P. M., Vaes, R., & Geers, M. G. D. (2016). Block and sub-block boundary strengthening in lath martensite. 
Scripta Materialia, 116, 117-121. 
[10] Du, C., Hoefnagels, J. P. M., Vaes, R., & Geers, M. G. D. (2016). Plasticity of lath martensite by sliding of substructure boundaries. 
Scripta Materialia, 120, 37-40. 
[11] Du, C., Maresca, F., Geers, M. G., & Hoefnagels, J. P. (2018). Ferrite slip system activation investigated by uniaxial micro-tensile 
tests and simulations. Acta Materialia, 146, 314-327. 
[12] Du, C., Hoefnagels, J. P. M., Kölling, S., Geers, M. G. D., Sietsma, J., Petrov, R., ... & Amin-Ahmadi, B. (2018). Martensite 
crystallography and chemistry in dual phase and fully martensitic steels. Materials Characterization, 139, 411-420.  
[13] Du, C., Petrov, R., Geers, M. G. D., & Hoefnagels, J. P. M. (2019), Lath martensite plasticity enabled by apparent sliding of 
substructure boundaries, accepted for publication in Materials and Design (2019) 


