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Additive manufacturing addresses all aspects of manufacturing. Aerospace, machining, mining, or even 

medical applications make use of metal based additive manufacturing. Naturally metal additive 

manufacturing is also used in nuclear applications. The efforts of deploying additive manufactured 

components in nuclear power applications have been increased and large testing campaigns of additive 

manufactured parts are exposed to neutron irradiation today through various DOE sponsored programs. 

The majority of the previous programs are concerned with materials for light water reactor applications 

and therefore the properties of austenitic stainless steels[1-3]. Only recently scientists utilized it to 

manufacture ferritic martensitic materials [4-6], compositional graded materials [7], or even high entropy 

alloys [8]. 

This work focuses on ferritic martensitic materials produced via metal additive manufacturing. Previous 

work studied the microstructural characterization of powder bed laser fusion additively manufactured T91 

which revealed that the material is largely ferritic and subsequent heat treatment is needed in order to 

obtain the desired ferritic/martensitic microstructure. However, recent work shows that laser engineering 

net shaped (LENS) AM processes deliver close to ready to use microstructures similar to what a quenched 

and tempered Ferritic martensitic material would look like. Figure 1 shows the microstructural image 

collected on AM produced nuclear F/M material. 

Of course, in order to assess the viability and performance of these materials mechanical testing must be 

performed. In fact it is essential to rapidly probe the materials performance as a function of location on 

the build part, build direction, etc.. In order to achieve this, we developed advanced small scale and 

mesoscale mechanical testing bringing insight into the strength and failure modes of the material. We 

developed accelerated mesoscale sample fabrication methods based on ultrafast laser pulsed machining 

[9-10]. The system developed is able to manufacture small samples on any component in 2D and 3D. 2D 

sample geometry is cut using the system as it can be seen in Figure 2 on thin sheets while figure 2b shows 

the 3D geometry manufactured using this tool. This approach allows one to probe specific regions of 

interest such as interlayer strength and deformation. In-situ deformation is observable during the testing 

inside the SEM. This work will show the combined conventional microscopy with mesoscale and 

microscale mechanical testing during further in-situ microcopy. 
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Figure 1. Optical microscopy of LENS produced T91. 

  
Figure 2. Femto second laser produced 2D a) and 3D b) tensile samples fabricated from steel. 
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