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During the 20th century, the U.S. established a 

reputation for technological leadership in a wide vari-
ety of disciplines.  More specifically, the U.S. stood 
out for our ability to combine ideas into new capabili-
ties in the form of what could be called systems tech-
nology development and demonstration.  Systems 
technology development is separate from basic or 
component level technology development in that the 
parts of the system may not be new or innovative, but 
their combination into a new capability requires over-
coming technological challenges related to the integra-
tion of components into a system with the potential to 
deliver desired performance.  For example, the Wright 
brothers are credited with development of the first 
practical airplane.  Others had lifted off the ground 
under power, and demonstrated methods of controlled 
flight.   The Wrights, however, combined lightweight 
propulsion, application of the new science of aerody-
namics to airfoil optimization, and their own wing-
warping technique for roll control into a working sys-
tem.  The Wright Flyer, successful as a sort of labora-
tory system demonstrator, was not reproduced, as the 
Wrights quickly advanced the state of airplane systems 
technology based on what they learned.  Others later 
incorporated ailerons, aft horizontal stabilizers, metal 
skins, and other component developments resulting in 
stable, controllable, reliable aircraft.  But the credit 
belongs to the Wrights for developing and demonstrat-
ing the system technology for powered, controlled 
flight.  

 
Since the development and demonstration of the 

systems technologies of the turbojet engines and rocket 
engines during the 1940’s by England and Germany, 
aerospace technology development has largely focused 
on improvements to existing systems.  Jet engines have 
become highly efficient turbofans, rockets now oper-
ated at combustion chamber pressures of thousands of 
pounds per square inch to produce high thrust at high 
fuel efficiency, and airplanes travel reliably and effi-
ciently literally around the world.  Space power sys-
tems have benefitted from dramatic increases in solar 
cell efficiency, and improvements in design of batter-
ies and fuel cells promise high gains in energy storage.  
Radioisotope power systems have extended the range 
of robotic space probes to the outer solar system and 
beyond.  However, no space fission power system is 
available today for space mission applications, and the 
readiness of this system technology remains to be 
demonstrated (figure 1). 

 
Since 2006 a NASA/DOE team has been laying the 

groundwork for demonstration of space fission power 
system technology readiness in a relevant environment.  
A reference concept was selected based on a Constella-
tion lunar or Mars surface power system application, 
and preparation of the elements of a technology dem-
onstration were begun.  Candidate technologies for 
non-nuclear reactor simulation, heat transfer loop, 
power conversion, heat rejection, and power manage-
ment and distribution elements were identified and 
tested via “Pathfinder” reduced-scale test articles (fig-
ure 2).  Lessons learned from Pathfinder testing were 
used to plan the Fission Power System Technology 
Demonstration Unit (TDU) development project1.  In 
2010-2011, major elements of the TDU were designed 
and built, or are in fabrication (figure 3).  The current 
schedule, subject to FY12 budget definition, calls for 
completion of the TDU test program by the end of 
FY14.  Successful completion of TDU test and analy-
sis will mark the establishment of fission power system 
technology readiness for application to space missions. 

 

 
Figure 1.  Historical Precedent for System Technology Dem-
onstration. 
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Figure 2.  Completed Fission Power Systems Pathfinders. 
 

 
Figure 3.  Fission Power System Technology Demnostration 
Unit. 
                                                                    
[1] Mason, L.S. et al. (2011) Design and Test Plans for 
a Non-Nuclear Fission Power System Technology 
Demonstration Unit, Proceedings of Nuclear and 
Emerging Technologies for Space 2011, 3327.  
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