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Identification and Significance of Innovation: (Limit 200 words or 2,000 characters whichever is less)

The overall goal of this project is to design, develop, demonstrate, and deliver a miniature, high torque,
low-vibration reaction wheel for use on small satellites. Creare’s miniature reaction wheel has the
potential to revolutionize the design and operation of small satellites. Currently available reaction wheels
are too large and heavy, and miniature reaction wheels do not provide sufficient control authority for use
on small satellites. This primarily results from the need to greatly increase the speed of rotation of the
flywheel in order to reduce the flywheel size and mass. We will achieve this goal by making use of our
unigue, proprietary, space-qualified, high-speed motor technology to spin the flywheel at a speed much
faster than other known miniature reaction wheels either under development or currently available. This
will enable the fabrication of a miniature reaction wheel with greatly improved performance and smaller
size.

Technical Objectives and Work Plan: (Limit 200 words or 2,000 characters whichever is less)

To achieve our overall project goal, our Phase | research focused on the design, fabrication, and testing
of a benchtop prototype miniature reaction wheel based on a proprietary high-speed motor. We also
developed a detailed design for one version of the reaction wheel and fabricated the primary components
of the design. Furthermore, we developed both a plan to optimize the lifetime, ruggedness, and operating
temperature range of the motor that drives the miniature reaction wheel and a preliminary design of a
miniature reaction wheel for higher end applications.

The Phase | results clearly demonstrate the feasibility of our innovative high torque, low-vibration,
miniature reaction wheel design. Successful operation of both the electric motor and the complete
reaction wheel was demonstrated. Our miniature reaction wheel promises high performance in a
package that meets the requirements for use on small satellites. The size and mass of our design
represents a huge reduction compared to commercially available reaction wheels.

Technical Accomplishments: (Limit 200 words or 2,000 characters whichever is less)

Creare built and tested a scaled model of our high torque, low-vibration, miniature reaction wheel. The
results of the prototype reaction wheel testing met or exceeded the performance required to achieve the
overall system design specifications. We also demonstrated the fabrication of the primary components of
a full-scale design, which will greatly reduce the risk during the Phase Il development. During the

Phase Il project, we will utilize our previous experience in miniature electric motor design to optimize the
lifetime, ruggedness, and operating temperature range of the motor and combine the motor design with
an appropriately sized spinning inertia to make a complete miniature reaction wheel.

The Phase | results clearly demonstrate both the feasibility and potential of our high torque, low-vibration,
miniature reaction wheel. With feasibility established, the major focus of Phase Il will be the production of
a practical system that can be manufactured at reasonable cost, will offer optimal performance on small
satellites, and that is rugged enough to support a wide range of NASA and commercial applications.

NASA Application(s): (Limit 100 words or 1,000 characters whichever is less)

NASA is interested in reducing the mass and cost while maximizing the scientific return for future NASA
missions. Small satellites are an excellent alternative for achieving these goals. However, many



technologies that have been developed for larger spacecraft are not applicable to small- and nano-
satellites. To bridge this gap, NASA plans to support innovations in propulsion, power, and guidance, and
navigation systems for low-cost small spacecraft. One of the key enabling technologies is attitude control
mechanisms. Our miniature, high torque, low-vibration reaction wheel promises to meet the needs of
small- and nano-satellites for a high torque, continuous, low mass, low-cost, satellite attitude control.

Non-NASA Commercial Application(s): (Limit 200 words or 2,000 characters whichever is less)

Past technical advances in small satellites have opened up new markets for small satellites beyond their
initial technology demonstration platforms. These markets include military science and technology;
intelligence, surveillance, and reconnaissance; remote site communications; polling of unattended
sensors; high-resolution Earth observations; and Landsat-class environmental monitoring, and are
estimated to potentially result in a $500 million annual market. Our miniature, high torque, low-vibration
reaction wheel will enable higher performance for many of these future applications.
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