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Research Partnership Centers Multiple Benefits  

Immediate applications on  Earth. The answer is unclear. One can surmise 
applications as a pulsed plasma gun for materials processing but no direct 
application has surfaced.

Leverage NASA research funds.  Commercial: aerospace companies 
(Northrop-Grumman, Boeing, Lockheed Martin…), component developers.
Government: NASA (MSFC, GRC), USAF.

Project: PULSED INDUCTIVE THRUSTER TECHNOLOGY 
DEVELOPMENT
Project description. The pulsed inductive thruster (PIT) is one of 
the electric propulsion systems that can be used in space. In the 
PIT, a burst of propellant (e.g. Ammonia) is ionized and accelerated 
by a current pulse through an inductor coil. The current pulse 
accelerates the plasma thus providing thrust. Key parts of the 
system are the circuit to provide the current pulse and the 
capacitors used to store energy before the pulse, the gas injector, 
and the inductor coil. 
Project site(s): Center for Space Power and Advanced 
Electronics, Space Research Institute, Auburn University, Auburn 
University, AL 36849-5320

Space Architect Perspective
Capability Requirements

 OBPR Organizing Questions

Organizing principles
Knowns 

and 
unknowns

Unknowns: The power 
circuits themselves have 
been demonstrated and 
operate according to 
theory, however, they have 
not yet been coupled to a 
small-scale PIT, nor has a 
15 kW sized PIT been 
designed or built. The 
lifetime of capacitors and 
solid-state switches has 
not been demonstrated 
yet in this application, nor 
has an integrated test in a 
vacuum chamber been 
performed to confirm 
performance of the 
smaller sized PIT. 

Importance (of this research).  Electric propulsion systems promise 
delivery of greater payloads and more flexibility in interplanetary travel 
(such as trips to Mars, outer planets, inner planets) than do chemical 
systems. Among these propulsion systems, the PIT has been dismissed as 
too complex and unable to achieve long life. This research addresses both 
those issues. 

Advantages of the PIT. As a competitor for ion and Hall systems, the PIT 
offers substantial advantages. It can produce a specific impulse of 6000s, 
with the advanced power circuits being pioneered in this work it can achieve 
a very low specific mass (~5 kg/kW), and it can operate at very high power 
levels (up to 1 MW). 

Trip times to destinations with this thruster require lower mass in orbit 
compared to other candidates (ion or Hall). Furthermore, the plume does 
not diverge, so it will not harm other components on the spacecraft and as 
an additional benefit, erosion of the thruster is minimal to non-existent. The 
work on the PIT will be directly applicable to the lower power pulsed plasma 
thruster also.

The system will fit well with both nuclear and solar-powered systems. With 
the system simplifications being made in this study, The PIT can also be 
more reliable. Analyses show that the PIT can provide the same payload 
mass delivered to GEO from low earth orbit at approximately 60% lower 
mass that will ion or Hall thrusters provided the simplifications and 
improvements under study here can be achieved.

Known.  New and innovative 
circuit designs for producing 
the high peak currents 
required by pulsed inductive 
thrusters (that also perform 
within the range of current 
semiconductor switches and 
mica capacitors) have been 
demonstrated. Models that 
predict the performance of 
key components like an air-
core transformer have been 
demonstrated and proven. 
Component count in the PIT 
system has been reduced by 
a factor of 3-5, suggesting 
enhanced reliability.
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Plans.  The power system 
architecture will continue to 
be refined and, with 
adequate support, small 
PIT systems will be 
developed and tested in 
ground vacuum chambers. 
Small PIT systems on the 
order of 15 kW are feasible 
and represent a size 
suitable for testing in 
ground facilities at CSPAE. 
The ultimate goal of this 
research is to produce a 15-
25 kW or larger class 
system and test it in space 
on the ISS or other 
platforms. This research is 
essential to provide the 
assurance that this new 
concept is both feasible and 
will perform as expected.

Research: propulsion 
systems.  NASA 
interplanetary missions 
require low mass and high 
power propulsion systems 
that fit well with both 
nuclear and solar-
powered systems

2.6
Space 
Transportation

In-Space Propulsion 
(Elect/E-Magnetic)
2.6.6

2.2
Space 
Utilities & 
Power 

Power Management
and Distribution
2.2.4

4.  "What 
technology 
must we 
create to 
enable the 
next explorers 
to go beyond 
where we 
have been?"

5.  "How can we 
educate and 
inspire the next 
generation to 
take the 
journey?"

4a)  How can we change spacecraft 
systems to lessen the required up-
mass, volume, and power?

4e) What basic engineering 
research is required to enable or 
accelerate the deployment of the 
next generation space sub-
systems to increase payload, 
crew up-mass, and power for 
travel beyond Low Earth Orbit?

5a)  Educational 
outreach

5b)  Public 
outreach

Horn, R. E.  Preliminary Thoughts on NASA Strategic Research

Hypothesis: other low 
power pulsed systems.:   
ion, Hall, VASIMR, and 
other types of low power 
pulsed systems (pulsed 
plasma thruster) may meet 
NASA's requirements 

Hypothesis: The pulsed 
inductive thruster (PIT).  
The PIT will deliver the 
greatest payload at the 
lowest payload mass at 
very high power levels. 

Goal 3
Create a more secure world and 
improve the quality of life by 
investing in technologies and 
collaborating with other agencies, 
industry, and academia.

Goal 10
Enable revolutionary capabilities 
through new technology.

3.4*

Goal 7
Engage the public in shaping 
and sharing the experience of 
exploration and discovery.

Goal 9
Extend the duration and 
boundaries of human space flight 
to create new opportunities for 
exploration and discovery.
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Goal 8
Ensure the provision of space 
access and improve it by 
increasing safety, reliability, and 
affordability.

7.3*

* These objectives are reflected in the overall Research 
Partnership Program and thus not connected to specific 
requirements of any single research program.
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