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Sandia National Laboratories is presently developing an additive component processing 
technology called Laser Engineered Net Shaping, (LENSm). This process allows complex 3- 
dimensional solid metallic objects to be directly fabricated from a CAD solid model. Currently, 
this process functions similar to the Stereo Lithography process in which a faceted file is 
generated from the CAD solid model and then sliced into a sequence of layers. The sliced file is 
then input into another interpreter program which converts the. sliced file into a series of tool path 
patterns required to build the entire layer. The component is fabricated by first generating an 
outline of the key component features and then filled using a rastering technique. This file is 
then used to drive the laser system to produce the desired component one layer at a time. This 
process differs from present rapid prototyping (RP) processes in that a fully dense, metallic 
component can be produced using this process. 

The system consists of a cw Nd:YAG laser, a powder delivery system, a controlled atmosphere 
glovebox, and a computer controlled positioning system. A schematical representation of the - 
LENSm process is shown in Fig. 1. A solid substrate is used as base for building a solid object 
using the LENSm process. The laser beam is focused onto the substrate to create a molten 
puddle while powder particles are simultaneously injected into the puddle. The substrate is 
moved beneath the laser beam leaving behind a narrow deposit of metal of a prescribed thickness 
and height. As the substrate is rastered over the planar cross-section, a single layer of material is 
formed in the shape of a desired part. After deposition of each layer, the powder delivery nozzle 
and focusing lens assembly is incremented away from the substrate a distance equal to layer 
thickness to maintain a constant focus position. The powder is delivered to the deposition region 
via a carrier gas and the powder volume is regulated by a powder feed unit. Initial deposition 
experiments were performed using a single point, off-axis powder delivery nozzle in 
combination with a commercially available powder feed system which was developed for the 
thermal spray process. These initial deposition results using the single point powder delivery 
nozzle exhibited a directional dependence on the deposition geometry. Furthermore, low 
frequency, periodic fluctuations in the powder volumetric flow rate, characteristic of the thermal 
spray powder feed unit used in preliminary tests, led to a periodic, spike-like structure being 
deposited. Once this structure was present, then subsequent attempts to fill in the vacant regions 
was inhibited due to the shadowing effect of these periodic formations. To insure that a uniform 
deposition was achieved for each layer independent of direction, a specialized powder delivery 
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nozzle and powder feeder have been developed. The addition of these items has served to 
significantly improve process consistency. 

Experiments have been performed to understand this process and allow-us to develop the 
technology for rapid manufacturing applications. A series of statistically designed experiments 
have been performed using INCONEL alloy 625 to identify the significant process parameters 
which affect the performance of the LENSTM process. The build-up layer height and melt depth 
were measured as a function of the process variables: component travel speed, laser irradiance, z- 
axis increment, powder volumetric flow rate, gas flow rate and gas pressure. The results of these 
experiments suggest that, for the process region considered, the two most significant factors 
associated with this process are the component travel speed and the laser irradiance. In fact, 
analysis of this data has shown that there is a linear relationship between the layer build-up 
height and total volumetric exposure. The volumetric exposure is the ratio of the laser irradiance 
to the component travel speed. A graph of these experimental results is shown in Fig. 2. These 
results further indicate that any melting of the previously deposited material occurs very early on 
in the deposition process and that powder build-up quickly serves to limit the melting of the 
previously deposited layer. This result is shown in Fig. 3. So, reducing the component travel 
speed would serve to increase the build-up layer height without significantly affecting the melt 
depth into the previously deposited material. 

The results mentioned above were the basis for the technology of direct fabrication of thin 
walled 2-dimensional and reasonably complex 3-dimensional shapes directly from a CAD 
model. Pictures of some of these components are shown in Fig. 4. Both of the shapes were 
fabricated from 3 16 stainless steel. As can be seen from these photographs, this process appears 
to indeed be feasible for direct fabrication of metallic components from a CAD model. Current 
efforts include the fabrication of tensile specimens to near-net shape for materials properties 
evaluation. Final machining of these structures will be performed initially to minimize scatter in 
the mechanical testing data and to satisfy ASTM standards. Preliminary tensile data showed that 
yield strengths as high as 85 ksi with 30 percent elongation have been achieved in the deposited 
3 16 stainless material. 

Although this process has proven to be straight forward for making simple geometry parts from a 
CAD model, a significant amount of work remains to develop the LENSm process for operation 
in a manufacturing environment. The current system operates as an open-loop system, that is, it 
depends solely on the reliability of the laser and other system components to reproduce a given 
result. Preliminary results from current experimentation suggests that improvements can be 
made in process reliability by implementation of sensors for monitoring the process and 
providing a response signal for closed-loop process control. Continuing research efforts are 
aimed at further developing the LENSTM process to establish an extremely robust process which 
takes into account microstructure-material property-processing relationships for a variety of 
materials. This will provide manufacturers with a method to fabricate metallic components 
directly from a CAD solid model. 
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Figure 2. 
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Schematic representation depicting LENSTM process. 
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Graph of deposition layer build-up height vs. volumetric exposure for alloy 625 
experiments. 
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Figure 3. 
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Graph of melt depth into the base substrate vs. layer build-up height. 

Figure 4. Photographs of components fabricated using the LENSTM technology (a) thin 
walled 2-D structure, (b) reasonably complex 3-D structure. 
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