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Research Motivation: Why 
Develop “Green” Propellants?
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• Small Spacecraft technology development mostly centered on spacecraft bus design and 
miniaturization of avionics, leaving propulsion component development obsolete by comparison. 
• Only two operational alternatives for small spacecraft propulsion are currently available: 

o Higher-performing systems based on hydrazine,
o Low-performing systems based on cold-gas. 

• Monopropellant Hydrazine (N2H4) is most ubiquitous of present-day monopropellants.
• Hydrazine is highly toxic and dangerously unstable. 
• Acute exposure can be lethal, and it is a suspected carcinogen.
• Use of hydrazine requires expensive precautions.

• Emerging commercial spaceflight market will clearly support development of green alternatives 
to hydrazine.



Emergence of Additive Manufacturing for “Green” 
Small Spacecraft Propulsion
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• Until recently, hybrid rocket systems never been seriously
considered for in-space propulsion applications.
• Hybrid rocket ignition historically involved pyrotechnics which cannot
support multiple restart cycles.
• During research investigating ABS as a fuel for hybrid rockets, it was
discovered that 3-D printed plastic possesses unique electrical breakdown
characteristics.
• Application of a strong electric field induces a high-temperature arc along
the surface of the ABS, concurrent with rapid production of hydrocarbon
vapor.
• This behavior forms the basis of a novel “on-demand” ABS arc ignition
system.



3-D Printed 
Fuel Grain Technology

3D	printing	technology	used	to	manufacture	ABS	fuel	grains
• Flexibility	to	produce	wide	variety	of	shapes	and	sizes	for	tailored	requirements
• Very	low-cost	production	(relative	to	aerospace	norms)
• Current	grains	produced with	solid,	embedded	electrodes
• New	capability	for	fully-printed	electrodes	using	electro-conductive	ink

Mass-Produced Fuel Grains for High-Volume Testing

Family	of	FDP-Printed
Test	Fuel	Grains

Typical	Fuel	Grain	Configuration	

•   Scalable system to meet diverse performance and packaging needs



Low-Power Arc-Ignition System
Technology
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30	W,	6W	HVPS	Available

“ULTRAVOLT C Series High Voltage CAP-Charging 
Supplies,” Advanced Energy, Inc., 
https://www.advancedenergy.com/globalassets/resources-
root/data-sheets/ultravolt-c-series-data-sheet.pdf

Based on patented fabrication & 
ignition technology (Dr. Whitmore, 
PI):

Patent Publication, Pub. No. 
US 2015/0322892 A1, Pub. 
Date: Nov. 12, 2015. 
Patent Publication, Pub. No. 
US 2016/0194256 A1, Pub. 
Date: Jul. 7, 2016

• 3D Printed ABS
• Impingement shelves
• Arc track doping
• ESC embedding
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HPGHP	Technology	has	been	in	development	for	12+	years	at	USU/SDL

AY 2019-2020 
Development 
Progress:

o October 2019, NASA Phase IIb STTR Award $200k
o May 2019 – December 2020, Nytrox Oxidizer Development Testing
o June 2019 – April 2020, 1-N Thruster Development Tests
o March 2019-August 2020, Thrust-Augmented Nozzle Development Tests
o January 2020 April 2020, Low-Erosion, Long-Duration Nozzle Tests
o March 2020, NASA Spacecraft Technology Partnerships Award, $400k
o USU Campus goes “Virtual” due to Covid-19
o NASA NSTRF / SSTP Partnership Award

Updated HPGHP Development Timeline 

Emerging 
Licensing 
Opportunities
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Current SmallSat Market will Support 
HPGHP Propulsion Solution

	

Electric		

P	

Cold/Warm	Gas	

Solids	

Large,	Slow	
Maneuvers	

P	

Tech	Demos,	RCS	

Large,	Quick,	
Single	Maneuvers	

RPO,	Clusters,	
Operational,	RCS	

(How	fast	can	you	get	there)	
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Potential Mission Matrix for HPGHP Propulsion Module
Mission Function              Spacecraft Size               1-N          25-N

xMedium/Large
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Current Technology Comparison (12U to ESPA Class)
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Metric Hydrazine LMP-103S/AF-M315E 1-N
HPGHP

High	TRL

Cold	Start

Safety

Cost

Schedule

System	Simplicity

Scalability

Impulse	Density Potential	for	some	variants

Current	Effort	Will	increase	TRL	of	HPGHP,		which	is	leading	in	other	major	metrics.	
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HPGHP
HPGHP



HPGHP Space Flight Test
• Multiple Systems Ranging from 5-900 developed/built on 

USU campus

• Successful flight demonstration in March 2018 (sub-orbital, 
NASA Terrier Improved Malamute)
• 5 successful restarts in space, 5-N Nominal Thrust
• Total of 15 seconds burn time limited by oxidizer supply, 

packaging constraint
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USIP	Flight	Deck

USU PRL HPGP Flight 
Test from NASA Wallops



Baseline 1-N Flight System Overview
• Hybrid Propulsion System
• Oxidizer: Nytrox 

• Gaseous Oxygen (GOX)/Nitrous Oxide (N2O) Blend
• Fuel: ABS/PMMA/Polyamide
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Test	Burn	of	the	Core	
Burning	5N	Thruster

Lab	Weight	End	Burning	
1N	Thruster	on	Test	Stand

HPGHP	Schematic

Motor	Casing

Gas	Inlet

Electrodes

Fuel	Grain

Nozzle

Thruster

Pressure	Tank

Nytrox



HPGHP Flight System Components
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Potential Flight-Configuration Thruster Options Enabled by AM
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End	Cap

Single Stick Conformal Tank

End Burner 6-U 4-Poster

3-U 4-Poster
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Questions??


