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Axial fatigue behaviour of additively manufactured tool steels
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Abstract

Tool steels contain high-nickel and low-carbon content, consisting of alloying
elements such as Ni, Co, Mo, Ti and Al. These tool steels exhibit excellent
mechanical properties combining high strength with good toughness. The aim was to
study the systematic series of tests in relation to recommended practice for plain
strain fracture toughness measurements and fatigue strength using bending and
axial fatigue testing to provide better insight into the processes controlling fatigue
failure at all lives is gained. The fatigue specimen were produced using Selective
Laser Melting Machine, with parameters that were chosen for production of test parts
which result in highest density. The samples were sectioned and machined for
further analyses which included, microstructure, tensile and fatigue testing. There is
also evidence of martensitic needles structures observed on the top surface of the
build plane is coherent and formed elongated grains. The ultimate yield strength of
M300 Tool Steel showed almost 100% increase from 1100 MPa in the as built
condition, up to 2050 MPa following heat treatment. The fatigue samples experience
strain hardening and broke without significant plastic deformation as experienced
during static tensile tests. The importance of heat treatment is evident in achieving
improved fatigue life of tool steels.
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