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DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
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Advanced Manufacturing

INL Initiative
Developing cost competitive techniques to manufacture 
components made from materials for harsh and extreme 
environments.  Focusing on development of radiological 
materials, reactor systems, in-pile sensors, and hardened 
material systems.  Applications to include advanced 
reactor technologies, fossil energy, clean energy, and 
space and defense systems.

Presenter Notes
Presentation Notes
Summarize slide for Advanced Manufacturing Initiative
Laser Welding Glovebox – Positive pressure, inert atmosphere glovebox for prepping items for irradiation testing.
Spark Plasma Sintering Glovebox – Negative pressure, inert atmosphere glovebox used to quickly manufacture highly dense objects 25T and 10,000 amps
Admatec print – 3-D printer that uses an integrated DLP light to cure a resin filled with ceramic or metal material



Additive Manufacturing

Why use additive manufacturing?
• Complex Geometries
• Minimize material (weight) while maximizing strength
• Localize material characteristics
• Build with multiple materials
• In-process alloying

Type of Additive Manufacturing
• Powder Bed Fusion

• Selective Laser Sintering (SLS), Electron Beam Melting (EBM)
• Directed Energy Deposition

• Powder DED, Wire DED
• Binder Jetting
• Sheet Lamination

Presenter Notes
Presentation Notes
https://www.sciaky.com/metal-additive-manufacturing-methods
There are four main categories of Additive manufacturing.
Powder Bed Fusion – A thin layer of material is laid down.  A laser is used to melt or sinter the metal powder.  The work surface is lowered and a new layer of powder is laid down and the process repeats itself. After the object is complete the excess powder is removed.
Directed Energy Deposition -  A focused thermal energy source, such as a laser, is used to fuse materials by melting them as they are deposited.
Binder Jetting – Similar to powder bed fusion where a layer of material is laid down, however, instead of a laser being used to sinter the material together a liquid binding agent is used to join the material together.
Sheet Lamination – A single layer of solid material is put across the build area and a 2-dimensional slice is cut out of the layer. A new layer is placed over the first layer and they are bonded together by a variety of methods.  Then, the next 2-dimensional slice is cut out of the 2nd sheet and the process is repeated until you have a completed object.




Optomec LENS® MR-7

• Directed Energy Deposition 
(DED) using Laser Engineered 
Net Shaping (LENS®) technology

• Uses a high power ND: YAG 
fiber laser to fuse powdered 
material into three dimensional 
structures

• Class 1 Laser Enclosure
• Controlled atmosphere (O2 levels 

< 10ppm)
• Build area of approximately 

12”x12”x12”
• Powder delivery system with 2 

hoppers.
• Typically operates at a positive 

pressure.

Presenter Notes
Presentation Notes
Point out the following
Niodymium-doped Yttrium aluminum garnet laser
Computer controlled 3 axis build area
Purification Unit
Class 1 laser enclosure with interlocks
Argon recirculation System
Powder Feeders
Laser cabinet? And path of laser to build head
Four nozzles at the build head to deposit the material
Positive pressure operations not conducive for radiological/pyrophoric materials




Optomec LENS MR-7

Upgrades
• 1 kW laser
• Thermal camera
• Glass viewing window
• Rotational Axis

Presenter Notes
Presentation Notes
The one on the left if the “Off the Shelf” configuration, the one on the right is the machine with the customizations, upgrade that we ordered.
What differences do you notice right off the bat?
Thank you fire protection. Nice big polycarbonate  laser safety window on the “off the shelf” version. Itty bitty glass viewing window on the version we ordered.  We will get back to that.
Upgraded to a 1 kW laser
Melt pool camera that allows us to see the temperature of the build area during a printing





Operation

• Powder is loaded into the two 
hoppers on the side of the 
enclosure

• Powder is carried to the 
deposition head and exits 
through 4 nozzles

• The laser comes down through 
the center of the deposition head 
and creates the melt pool.

• The table and deposition head 
move to create the 3 dimensional 
part.

• The finished part is passed out of 
the enclosure through the 
transfer port.

Presenter Notes
Presentation Notes
Explain function of the machine.
Transfer Port
Trace powder flow from hoppers through the inch valves in the back to the 4 nozzles under the head.
Point out laser coming down through center of the deposition head
Build area
Cracks and crevices for 20-100 micron powder to accumulate.
We are going to be using pyrophoric/radiological material so need to convert it to a negative pressure  “Leak Tight” glovebox.



Build Pictures

Presenter Notes
Presentation Notes
Just a little bit of overspray (approximately 80%) based on settings.



Upgrades

Main objective is to be able to process radiological and pyrophoric material. 
• Must pass Helium leak test
• Shall operate under a negative atmosphere

Upgrades
• Containment bag
• Powder Separator
• Magnetic/Cooing Plate
• Window Replacement
• Electrical Feed Throughs
• Hopper Relocation
• Side and Back Panel Modification



Primary Containment Bag

• Modified the head of the laser to accept the mounting bracket for the 
containment bag

• Went through multiple iterations to find a material that would withstand the 
heat and still be flexible enough to allow movement of head and build table

• Contains all of the overspray, eliminating lengthy cleanups and 
decontamination issues

Presenter Notes
Presentation Notes
Modified the head of the laser to accept a mounting bracket for a plastic bag.  Went through a few iterations on types of bags (turkey basting bag) used but finally found a material that worked well.  Contains all the overspray.
Small filters at the top exhaust the argon flow through the head of the laser.  Argon is from the flow to keep the optics purged and the argon used in the powder delivery system.  Lead to next modification.



Containment Bag Powder Separator

• Argon purge through center nozzle pressurizes containment bag
• Keeps optics clean
• Delivers powder to the build area

• Filter on containment bag clogged with particulate
• Designed and installed air/particulate separator

Presenter Notes
Presentation Notes
Argon is constantly purged through the center of the nozzle to keep the optics of the laser clean.  In addition, argon is used to transfer the powder from the hoppers to the nozzles.  Total flow around 36 L/min.  This causes our new containment bag to become pressurized.  In order to contain the powder but allow the argon to exhaust filters were installed on the bag.  These gradually clogged with powder and would increase the pressure inside the containment bag.  A custom air/particulate separator was fabricated and installed on the exhaust of the bag to knock the particles out of the air prior to reaching the filters.



Magnetic/Cooling Plate

• Table added to bring build level with small window
• Magnetic plate secures build to table through containment bag
• Cooling of base plate allows operator to control cooling of part during the 

build

Presenter Notes
Presentation Notes
The small window made it difficult to view and prepare the build area.  Table was added to bring it up to workable level.  With the containment bag used to capture the powder overspray a magnetic plate was used to secure the build plate to the table while maintaining containment.  Cooling lines were also added to the base plate.  It was thought that being able to draw more heat away from the build throughout the process might enhance the characteristics of the build.  



Window Replacement

• Viewing window is composed of glass (no polycarbonate).
• Very limited viewing area.

Presenter Notes
Presentation Notes
Very limited viewing area.
Let’s put a bigger window on so we can see better, good idea, right?
Turns out laser safety windows are not typically made out of actual glass and the one installed is about as big as they come.  Our fire protection policy does not allow for polycarbonate (the typical laser safety window material) to be a part of the confinement barrier.


Note:  Point out separator installed in lieu of the small filters used in the previous iteration of the bag containment.



Window Replacement

• Laminated safety glass comprises the containment boundary.
• Laser safety window made of polycarbonate provides the protection 

from the Class IV laser.

Presenter Notes
Presentation Notes
This is the new window.  Laminated safety glass is the primary containment boundary with a pane of laser safety window of polycarbonate installed over the top.
Laser interlocks for Class I designation.



Electrical Feedthroughs

Presenter Notes
Presentation Notes
These seals are designed to seal cable and pipe penetration in order to protect from hazards such as water, gas, dust, etc…
These are not leak tight feedthrough.  While this is fine for builds under positive pressure, under negative pressure this is a massive ingress path for air/oxygen into the system.



Electrical Feedthroughs

Presenter Notes
Presentation Notes
Replaced with hermetically sealed electrical connections.  
Big effort on the part of our I&C guys to modify and consolidate these cables.



Hopper Relocation

• Two hoppers allow for functionally graded material where a 
switch can be made from one material to the next during the 
build and for alloying material during the build process

• Material handled, loaded and transferred outside the 
enclosure

Presenter Notes
Presentation Notes
Originally material is loaded into the hopper on the side of the machine.  It is transferred to the pinch valves on the back of the enclosure and fed from there to the 4 nozzles located on the bottom of the head.



Hopper Relocation

Presenter Notes
Presentation Notes
Moved the hoppers to an adjoining glovebox.  Ran the powder through a tubes contained inside a SST bellows to the pinch valves that were relocated on the head of the laser.  This allows us to transfer material into the adjoining glovebox and keep it contained within the gloveboxes until we pull out a completed part.



Side and Back Panel

• Studs welded to panel
• Nuts tightened from inside 

enclosure to seal panel to frame
• No way to reach back of 

enclosure to tighten nuts if leak 
occurs.

• New panels fabricated
• Bolts sealed and secured inside 

glovebox
• Nuts on outside of glovebox 

allow tightening of nuts
• Can remove panel if required

Presenter Notes
Presentation Notes
Original design contained through holes on structural members inside enclosure.  Studs were then welded to the panels to match the pattern of holes drilled in the frame.  The panels were then put up to the frame and nuts were tightened inside the enclosure.  Cannot reach nuts without crawling inside the enclosure.
New design uses bolts fed through and secured from the inside of the glovebox.  Allows tightening of nuts on the outside of the box to obtain a crush on the sealing gasket.  This also allows for removal of the panel if that ever becomes necessary.






Questions



Presenter Notes
Presentation Notes
Paragliding: INL employee Reston Condit paragliding from the hills east of Idaho Falls

Ski slope: INL employee Tom Haney sent this photo from Pebble Creek ski resort south of Idaho Falls

Rafts: Former INL employee Frank Roberto shared this photo from  the Snake River’s Alpine Canyon east of Idaho Falls.

Lake: INL summer interns shared this photo from their hike to Upper Palisade lake east of Idaho Falls.



