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Ernest Etienne

Figure 1. The TAZ 3D printer to be retrofitted.
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Introduction and Background
• Goal: print solid parts using liquid polymer 

precursor
• Additive manufacturing allows creation of 

arbitrary part geometry with no wasted material
• Scope: Retrofitting a 3D printer to extrude 

the liquid polymer precursor and curing the 
precursor layers during the print job

Liquid 
Precursor

Cured Solid 
Polymer

Solid Ceramic 
Matrix

←Project 
Scope

Basak Simal
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Polymer Matrix

• Low viscosity liquid polymer matrix
• Curing reagent added for solidification

• Heat or UV light options available
• Reagents to control curing time

• Precursor for ceramic material
• Nanopowders

• Carbon Nanotubes (CNTs) or Silicon Carbide
• Enhance material properties of ceramic
• Increases viscosity 

Basak Simal

Figure 2. 
(A) Liquid pure polymer 
(B) Cured solid polymer 
matrix 
(C) Solid ceramic matrix

(A)

(B)

(C)

Project
Scope  →
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Testing / Experiments
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Basak Simal
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Testing / Experiments
Polymer Extrusion
• Minimizing droplet size
• Surface Tension

•

• Droplet geometry controlled by 
substrate, ambient, and material 
interface interactions

• Only controllable variable is substrate

Figure 3. A liquid droplet on a substrate with 
interface angle labeled.

Figure 4. An example of varying droplet 
geometries and their contact angles with surface 
S; (A) large contact angle; (B) medium contact 
angle; (C) small contact angle

Ernest Etienne
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Testing / Experiments
Polymer Extrusion
• Substrate Interface

• 25 mL syringes controlled by a half step motor
• Extrude polymer matrix onto varying print bases 

with different tips
• Masking Tape
• Teflon
• Glass with RainX
• Parchment Paper

Figure 5. Numerous tests on different 
surfaces  

Ernest Etienne
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Testing / Experiments
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Testing / Experiments
• InkShield

• Allows printing using Arduino Mega
• Controls ink cartridge extrusion
• Only capable of extruding low viscosity 

material
• This method no longer being pursued

Figure 6. InkShield setup

Figure 7. InkShield being tested with 
Arduino Mega 2560 for extrusion ability

Sonya Peterson
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Testing / Experiments
Polymer Curing 
• LED Array (240 mW)

• Power output insufficient to quickly cure material
• Considering experimental parameters

• Size of the array
• Placement
• Focus
• Timing

• Higher power array ordered, defective
• Experiment: How does curing reagent effect 

curing time?

Figure 8. Testing the polymer 
curing time with UV LED bulbs.

Figure 9. The LED Array with 
20 W power output.

Basak Simal
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Testing / Experiments
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Renderings

540 mm

500 m
m

Figure 10. (A) The full 3D 
printer system after 
retrofitting the syringe 
pump. (B) A blow up of the 
syringe assembly with 
major parts labeled. 
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←stepper motor
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Ernest Etienne
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• AME open house 
• Printing parts for custom design
• Viscosity variation testing

• Find optimal solution by varying viscosity
• Dedicated operating PC 
• UV Curing System

• LED Array
• Lamp / Bulb

• OPM and Design Manufacturing Reports 
Figure 11. Printing part of the mount for the 
syringe to be retrofitted onto the existing 
printer. 

Current Actions

Sonya Peterson
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Budget
Arduino Mega
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73%
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1%
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UV Safety Glasses
2%

Blunt Tips
0.4%

Cartridges
1%

Syringes
0.3%

Sonya Peterson
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Challenges Faced, and 
Lessons Learned
• CNT Alignment 

• Simply not possible in given time period
• Curing Method

• Began with two potential methods
• How to incorporate within the frame
• Focusing the light

• Layer Adhesion
• Expect the Unexpected

• Entire scope altered

Sonya Peterson
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Conclusion
• ~65% Complete
• Future Actions

• Final Report
• Webcam and PC Interface
• Physically Retrofitting 3D Printer
• Finalize material mixture
• Graduate student training Figure 12. (A) Webcam with 

gooseneck clamp. (B) Control 
interface on printer with a print in 
progress.

(A) (B)

Sonya Peterson
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Questions?
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