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Project: COMPOSITE MATERIALS FOR FLYWHEELS 
Project description.  The flywheel stores energy in a high speed 
rotating wheel. This system can provide high peak power output and can 
be recharged and discharged up to millions of times without damage (in 
contrast to batteries). By contrast, batteries are good for sustained, 
steady state power but not the best suited to deliver peaks of power. 
Flywheels  excel at the latter but not at the former. Thus, a so-called 
"hybrid" system that combines batteries with flywheels in an application 
where there are many short, sharp peaks of current (such as the launch 
ascent of a shuttle) is ideal for a hybrid system.

In flywheel systems, it is essential to increase their energy density by 
increasing the rim speed. Auburn has been developing a woven, 
multidimensional composite 3-D hub/rotor assembly for advanced 
flywheels. Using new designs where the different layers resist radial and 
hoop stresses and assembling a wheel on the elliptical hub, the lifetime 
and speed of the wheel should be increased. This is part of a 
collaborative program with the Glenn Research Center.

The Status: experiment planned. Present designs are trying to get to 
60,000 rpm. Two multidirectional composite flywheel rims have been 
fabricated at Auburn and delivered to GRC for testing in their high speed 
test facility. A three-dimensional hub is in the process of being built. The 
rims will be attached to this hub for integrated system tests at GRC.

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
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Organizing principles Knowns 
and 

unknowns
NASA 2003 Strategic Plan

Unknown.   In flywheel 
systems, it is essential to 
increase their energy 
density by increasing the 
rim speed. Present 
designs are trying to get 
to 50,000 rpm.  Can 
higher speeds be 
achieved? 
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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

Importance: satellites: energy storage.  
Energy storage is essential for all space 
endeavors. When solar energy is used in 
orbit, the necessary shadowed parts of 
the orbit require energy storage for the 
satellite to continue in operation. Whereas 
batteries have served the purpose well in 
the past, as power requirements climb, 
better, more efficient means have to be 
developed. The flywheel is one strong 
candidate for this application. Significant 
mass reductions in future all-electric, 
hybrid launch systems compared to those 
using hydraulic launch systems like 
today’s shuttle.
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Importance: shuttle: reduce mass.   
Hybrid electric systems are 
important to improvements in 
vehicles like the Shuttle and its 
replacement where batteries teamed 
with supercapacitors have been 
demonstrated to reduce the mass of 
the power system by 60% or more. 
The flywheel that is being developed 
can replace batteries on the ISS and 
other applications.  These are a few 
examples.

Requirement: electricity 
storage on spacecraft. 
Electricity storage backup 
systems where there is 
need for faster switching on 
and off for back up systems 
for the International Space 
Station and other satellites 
in low-earth orbit.

Requirement: commercial.  
Commercial satellites Industry 
could save weight and volume 
by using flywheel technology 
for combined attitude control 
and energy storage.

Requirement: commercial 
satellite. Low-earth orbiting 
satellites used for 
communications with less lag 
time are needed.  Currently such 
satellites are in geostationary 
orbit, spending considerable time 
in the earth's shadow, hence 
expending energy from their 
batteries. 

Requirement: less upmass 
and volume for all systems.  
Saving weight and volume on 
all systems of for orbital 
replacement units (ORUs) is 
an objective of all programs for 
the International Space 
Station because high cost of 
lifting objects into space. 

Known. Flywheels rotate 
shafts at 30-40,000 rpm, 
mechanically contacting 
bearings, thus increasing 
the friction so that the 
bearings melt.  Therefore 
bearings made of metal 
and other substances are 
not satisfactory.

Known. The rotational 
speed of 60,000 rpm 
can hold between three 
and four times more 
energy per unit weight 
than any other electrical 
storage system.

Plans. Spin testing on a 
multidimensional composite 
hub/rotor system will be tested at 
the GRC. The rotor consists of 
plies that are resistant to both 
hoop and radial stresses and the 
elliptical hub design provides the 
strength needed to support rim 
speeds to 60,000 rpm.

Plans. Box hub designs will be 
fabricated and tested to 
provide greater out-of-plane 
stiffness.

Plans. The time-dependent 
creep of MDCs will continue to 
be studied analytically and 
experimentally

Known.  Mutidimensional 
composite rotors have 
been designed with a 
validated mathematical 
model called "Gina". They 
are expected to resist both 
hoop and radial stresses 
and permit higher speed 
operation, hence greater 
energy storage density.

Unknown: The effects of 
time-dependent creep of the 
multidimensional composite 
wheel on the growth of 
wheel dimensions with time 
is not known. This could be a 
life-limiting effect.

Requirement: 
regenerative energy 
recovery for trains.  
Using flywheels to recover 
energy used in breaking 
can save energy and 
lower costs for commuter 
trains is needed.

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.

3.1

3.4*

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

10.4

10.5

10.6*

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.

8.2

8.4

Hypotheses & Projects

Hypothesis: braking for 
trains. A braking system for 
commuter or subway trains 
could be built with a magnetic 
bearing flywheel system that 
would store energy in the 
flywheel as the train expends 
energy for braking.

Research Partnership Centers Multiple Benefits  

Immediate applications on  Earth. 
Flywheels can serve the utility industry by providing peak power as needed. 
This saves bringing "spinning reserve" on line, hence can reduce costs.  This 
research will enable American industry to achieve leadership in flywheel energy 
storage technology. A next generation use on military and commercial aircraft to 
replace the hydraulic actuators in control systems is likely.   

Leverage NASA research funds.  Automotive industry, launch vehicles, 
satellite manufacturers for integrated power and attitude control, NASA (Code 
M, GRC, JPL, STS, NGLV…), USAF (more electric aircraft…), US Army 
(robotics, radar power systems, hybrid vehicles, high altitude airships…) in 
partnership with NASA enables NASA to stretch its research dollars.


