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Dr. Abdelkhalik’s research interests are in 
astrodynamics. He has conducted research in optimal 
orbit design for remote sensing missions, spacecraft 
formation flying control, optimal orbit transfer 
using genetic algorithms, and space surveillance. 
Current areas of research include spacecraft attitude 
estimation from optical imagery and spacecraft 
formation navigation using star trackers.

When NASA launches a spacecraft, 
it employs high power, low 
efficiency chemical propulsion 
systems to achieve Earth orbit.  
Each launch requires massive 
amounts of fuel, and as a result, the 
payload must be small—generally 
1% of total liftoff mass.  Included 
in that precious 1% payload is 
fuel for low thrust maneuvering 
after reaching space, making thrust 
efficiency a crucial factor in trade 
studies of mission planning. The 
Space Systems research group at 
Michigan Tech is researching high 
efficiency thrust technologies 
that will make space travel more 
feasible, efficient, and economical 
as the U.S. space program moves 
into the next generation of 
stellar exploration.

Electric Propulsion Systems
To reduce fuel costs and improve 
the efficiency of space travel, the 
Space Systems group is creating 
innovative electric propulsion 
systems. These systems have a 
higher potential exhaust velocity 
than their chemical counterparts 
and require less fuel to reach 
orbit.  In their Ion Space Propulsion 
Laboratory, the group designed 
and built the first bismuth-fueled 
Hall-Effect thruster demonstrated 
outside of the Soviet Union, and 
are working toward a full bismuth 
system. The cheaper, lighter 

The Final Frontier
propellant used by these systems 
will allow government and private 
spacecraft to carry additional 
payload and, potentially, provide 
the necessary power to explore 
deeper regions of space. 

While they research future 
applications of non-chemical 
propulsion, the Space Systems 
group addresses the immediate 
challenge of integrating plasma 
propulsion systems into existing 
satellite technology.  As they 
come face-to-face with the 
practicalities of such integration, 
the group is developing methods 
and devices to improve real-time 
performance.  With funding from 
the United States Air Force and 
micromachining assistance from 
the Multiscale Sensors and Systems 
group (see page 12), the Space 
Systems group is building micro-
thrusters using electron emitter 
arrays with self-regenerating 
nanotips, solving the problem of 
nanotip degradation and allowing 
an extended system lifetime. 
Researchers are also creating 
methods to identify and mitigate 
common issues associated with 
electric propulsion, with projects 
that investigate refractory powder 
metallurgy, thruster thermal 
modeling, magnetic field topology, 
electron trapping, and sputter 
erosion. These thrusters may also 
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IN THE AIR AND SPACE AGE, 
PROPULSION RESEARCH AND 
DEVELOPMENT CAPABILITIES WILL 
CONTINUE TO BE OF EVEN GREATER 
AND MORE URGENT IMPORTANCE.
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see operation on the Oculus (see 
images on back cover), a student-
built nano-satellite designed with 
a high power camera for inspection 
of debris or other spacecraft. The 
goal is to launch the Oculus in 
2011 after winning the NASA/AFRL 
University Nano-sat 5 competition 
in January 2009.

Collaborative Research
With plans to hire six additional 
faculty over the next five years, the 
Space Systems group will expand 
their research expertise and build 
a foundation of experimentalists 
in attitude control technology, 
robotics, chemical propulsion, 
power systems, lightweight 
structures, and astrodynamics. 
To create inter-university 
collaboration, researchers from 
the University of Michigan and the 
Space Systems group are working 
to form an Industry/University 
Collaborative Research Center 
(IUCRC), which will tackle space 
power and propulsion projects 
by combining the forces of cross-
departmental faculty at both 
universities with a consortium of 
industry sponsors. Through the 
efforts of the IUCRC and other 
research projects, the Space 
Systems group is poised to shape 
the future of space exploration.
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