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Figure 1:  CAD Model of Rocket 
Nozzle conical part used in the 
benchmark study 
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Powder Bed Fusion (PBF) and Directed Energy Deposition (DED) are two commonly used methods 
to build metal components from powder feedstock. Each process has its advantages which are 
summarized in the appendix at the end of this report. The goal of this benchmark study was to 
determine the relative print speed and price to build a mid-size metal part with simple geometry. 
Part geometry was selected that could be built without support structures to establish a baseline. 
The study results show that DED is more than 10 times faster and five times less expensive than 
PBF for this benchmark study part. 
 

 
METHODOLOGY 
A CAD model (Figure 1) of the part design was created using SolidWorks and sent to a 
number of PBF and DED services providers. Each supplier was requested to provide a 
quote including build time, lead time, and price to build the part using Inconel 718. After 
initial bids were received it was observed that some suppliers quoted much higher prices 
and build times. Instructions were clarified to these suppliers to re-quote based on 
contoured rather than solid wall structures which reduced quote variance. Suppliers were 
also asked to quote just the build time/price without any post processing (heat treatment or 
machining). Some PBF service providers expressed concern using Inconel for this part and 
tried to convince us to change the material to stainless steel. It was concluded these 
suppliers were inexperienced printing Inconel and therefore their bids were not considered. 
This enabled us to narrow the selection process to one PBF and one DED service provider. 
 

 
PART CHARACTERISTICS  
A conical shape housing with internal tubular structures was designed for this study. The study part is actually a heat 
exchanger, but was dubbed “the Rocket Nozzle” based on its appearance.  The Rocket Nozzle is 200mm tall and 150 
mm in diameter at the base. The outside surface contains 8 vertical notches and the structure has a wall thickness of 
2.5mm. The Rocket Nozzle center core is hollow and contains 8 internal cylinders approximately 200mm tall. The 
rocket nozzle would be very difficult to manufacture with conventional subtractive machining.  The part can be built 
without support structures using PBF or DED. 
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Figure 3:  Rocket Nozzle Printed with LENS DED. 3a) As Printed, 3b) Partially 
Finished, 3c) Bottom View Partially Finished 

Figure 2:  Full Build Configuration of a 
Basket of Parts 

 
 

 
EQUIPMENT and PROCESSING 
The selected PBF service provider employs Concept Laser machines for 
printing metal parts. Different Concept Laser machines are available; 
however, given the size of the Rocket Nozzle the quote was based on the 
larger M2 model. The M2 printer has a build envelop of 300x300x300mm 
and is configured with a 400W laser. One common practice in the PBF 
service business is to “fill the basket” with parts and then apportion cost 
based on the relative mass of each part in the build basket. Although this is 
a reasonable approach for pricing, it made it difficult to accurately measure 
the build time for just the Rocket Nozzle.  The PBF service provider was 
therefore requested to generate a second quote with only Rocket Nozzle  
parts filling the basket. Two Rocket Nozzle parts filled the basket and the 
revised time was 2x higher than the original build time for one Rocket Nozzle 
part. This provided confidence that the quoted build time was correct. Quoted 
process parameters, build time, and cost to build the part with PBF are shown 
in Table 1. 
The selected DED service provider uses an Optomec LENS 850R for printing metal parts. The LENS 850R has a build 
envelop of 900x1500x900mm and is configured with a 2kW laser. The 850R is a 5-axis machine, but only the XYZ 
axis were required for the Rocket Nozzle.  Optomec software was used to slice the CAD model into layers and to 
generate a build time estimate. Quoted process parameters, build time and the price to build the part using DED are 
shown in Table 1. 
 

PARAMETERS LENS 850R DED CONCEPT LASER M2 PBF 

Laser Power 1200 W 400 W 

Layer Thickness 500um 30um 

Estimated Build Time (no post Processing) 18 hours 240 hours 

Quoted Price $3,200 $16,800 

 
Table 1:  Process Parameters, Build Time, and Price Quoted by DED and PBF Service Providers 

 
STUDY RESULTS 
Due to scheduling constraints it was decided to 
build the part on a Optomec inhouse system 
using the same DED processing parameters 
shown in Table 1. The actual build time was 
just under 13 hours which is almost 20x faster 
than the estimated build time for PBF.  Also, a 
portion of the Rocket Nozzle housing was 
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Figure 4:  A laser fuses metal powder to form 
one many successive layers that will form the 
final part. Courtesy of GE Oil & Gas 

Figure 5:  Metal powder is blown through nozzles 
to the focal point of a laser forming a molten pool 
which is moved to form the part layer by layer. 
Courtesy of Balmar d.o.o. 

machined to show the surface finish of the LENS DED part (see Figure 3) 
 

 
NEXT STEPS 
Optomec plans to evaluate additional large parts with more complex geometries. Higher performance DED and PBF 
metal AM machines are now available. LENS 5 axis Hybrid DED machines allow printing of net shaped parts with 
more complex geometries on a single machine tool. PBF machines with larger build envelops and multi-laser 
processing capabilities are also changing the economics of 3D metal AM. The goal is to evaluate the impact of these 
advancements to determine where each metal AM method is best suited to meet industry needs. 
 

 
APPENDIX 
Laser-based AM technology was invented in the 1980s and the two most 
commonly known methods available for commercial use today are powder 
bed fusion (PBF) and powder fed directed energy deposition (DED) systems. 
As shown in Fig. 4, PBF systems use a laser to selectively melt a bed of 
metallic powder layer by layer to build up the physical part. After the first 
layer is spread and sintered, the bed is filled again with a second layer of 
powder and selectively sintered. This process is repeated until the part is 
fully formed. The end result is buried in a cake of powder and is not visible 
until the excess powder is removed. As shown in Fig. 5, powder fed DED 
systems continuously blow powder through nozzles directed at the focal 
point of a high-powered laser. The resultant molten pool of metal (sometimes 

referred to as a weld pool) is then moved using a motion control system and 
the part is built up in free space. The entire process is visible as the part is 
grown layer by layer. Each process has its advantages. The PBF method is 
better at building smaller, more complex-shaped parts, and produces a 
better surface finish. The powder fed DED method is faster and better at 
adding material to existing parts (as in repair or Hybrid manufacturing). In 
general, powder fed DED technology produces fully-dense material that has 
excellent mechanical and fatigue properties. For building small metal 
components, PBF machines can be used in many cases, except if a 
functionally graded material is required, or if the desired material is one not 
commonly processed by PBF systems. For building large parts or repairing 
worn or defective metal components, powder fed DED machines, such as 
LENS machines offered by Optomec, are stronger candidates (see Summary 
Table below: Metal AM Feature Comparison). 
 



 
 

   
 
© Optomec Confidential                                                    Page 4 of 4                                  
 
 

 
 

FEATURE DIRECTED ENERGY DEPOSITION POWDER BED FUSION 

Part Complexity/Resolution Relatively simple geometry with less 
resolution (Ra 20-50 um) 

Complex geometry with high resolution 
(Ra 9/12um) 

Part Size Unlimited Limited 

Dimensional Tolerance +/-1mm 30um 

Ave. Layer Thickness 500um 0.06kg/hr. @ 400W 

Powder Cost* 
Ti-64 ~ $160/kg 
IN 718 ~ $80/kg 
Stainless Steel ~ $30/kg 

Ti-64 ~ $600/kg 
IN 718 ~ $200/kg 
Stainless Steel ~ $100/kg 

Repair/Coat & Add Features Capable – add material onto 3D 
surfaces 

Limited – requires horizontal build 
plane 

Multi-material Programmatically grade or blend Limited 

	

 
 
 
 
 
 
 
 
 
 
  

Table 2:  Metal AM Feature Comparison.      *  Powder cost may vary by supplier and location 


