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Introduction: The NASA Glenn Research Center 

(GRC) is conducting in-house research on linear alter-

nators (LA’s) to assist in developing free-piston Stirl-

ing convertors for radioisotope space power systems.  

This abstract intends to summarize the existing and 

potential types of LA’s that may be used with Stirling 

power convertors.  Many of the existing LA types have 

been tested at NASA GRC and work continues in re-

seearching and potential testing of advanced concepts. 

Desirable Characteristics of Stirling Linear Al-

ternators:  Stirling technology is being developed for 

radioisotope power generation for future space science 

missions.  With this aim, the design objectives for li-

near alternator (LA) advancement are to lower the 

mass of the LA and increase the lifetime and reliability 

of the LA at Stirling operating temperatures [1].  An 

increased efficiency is desirable if it lowers system 

mass.  Other considerations include: 1) Reducing in-

ternal losses - magnetic hysteresis, eddy currents, and 

flux leakage; 2.) Minimizing size, moving mass and 

cost; 3.)  Increasing the ease and effectiveness of anal-

ysis and fabrication; 4.) Providing adequate cooling to 

temperature-sensitive components; and 5.) Addressing 

side-loads and bearing requirements. 

Types of Linear Alternators:  Three primary 

types of LA’s are recognized [2]: 

1. Moving permanent magnet, 

2. Moving iron with permanent magnet(s) at-

tached to the stator.  

3. Moving coil with permanent magnet(s) at-

tached to the stator, 

Moving coil and moving magnet styles frequenly 

have a lower moving mass than the moving iron style.  

Most free piston Stirling engines that use a linear alter-

nator are relatively low power levels, and therefore use 

only a single phase.  Two- and three-phase power gen-

eration is possible in a linear generator, but will not be 

covered in this context. 

Moving Magnet LA’s:  Most Stirling LA’s are 

moving permanent magnet type, since this configura-

tion offers the lowest moving mass.  A common theme 

around which variations have been built is a hollow 

cylindrical magnet (radial polarity) oscillating amid an 

internal and external stator.  The stator holds the cylin-

drically wound armature coil(s).  Figure 1 shows an 

axial side-cut view which, when rotated about the axis 

of reciprocation, represents this style of alternator. 

 

 
Figure 1. - Sunpower LA with Moving PM.  Image 

courtesy of Sunpower, Inc. [3] 

Variants of this style have been used by Sunpower, 

Inc. for the Advanced Stirling Convertors (ASC’s) on 

test at NASA GRC, as well as Mechanical Technology 

Incorporated (MTI) and the National Aerospace La-

boratory of Japan (NAL).  The radial polarity magnet 

will generate alternating flux directions in the radial 

laminations of the stator at the ends of the stroke.  An 

alternate style of moving magnet LA is the STAR al-

ternator pioneered by Clever Fellows Innovation Con-

sortium (CFIC), now Q-Drive.  The mover has two 

layers of magnets with opposite polarity (only top 

layer is shown in Figure 2) which alternately activate 

the axially stacked laminations, offering flux reversal. 

 
Figure 2. - STAR Alternator end view.  Image courtesy 

of G. Yarr [4]. 

Moving Iron LA’s: The Technology Demonstra-

tion Convertors (TDC’s) on test at NASA GRC use a 

moving iron linear alternator by Stirling Technology 

Company (STC, also Infinia) that has four poles, each 

of which has two axially stacked magnets with oppo-

site polarity (top magnet shown).  A coil is wound 

around each pole.  The moving iron will complete and 

activate a flux path as it moves between these magnets, 

offering flux reversal. 
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Figure 3. - Moving Iron LA.  Image courtesy of Stirl-

ing Technology Company [5]. 

The TDC LA had two magnets stacked axially for 

each pole, but the segment can be repeated axially with 

multiple lamination sections on the mover to increase 

power without increasing stroke.   STC has also devel-

oped a moving iron linear alternator that has a shape 

similar to the STAR alternator, with the magnets af-

fixed to the stator and the mover made of lamination 

material [5]. 

Moving Coil LA’s:  The traditional moving coil 

LA takes the form of the common voice coil – or 

speaker.  The primary advantage is an elimination of 

radial forces and torques on the moving mass, at the 

cost of needing a larger permanent magnet in the sta-

tor.  An innovative moving coil LA is currently under 

development by Motionetics, Inc. which may have an 

improved permanent magnet field. 

Non-Permanent Magnet LA’s:  NASA GRC an-

ticipates researching linear induction and linear reluc-

tance alternators, with the primary advantage of higher 

temperature capabilities.  The current limitation on 

temperature in LA’s is the permanent magnet material, 

which will demagnetize with high temperatures.  The 

permanent magnets can be eliminated by using a mov-

ing or stationary field coil(s), or generating an electro-

magnet field.  The obvious disadvantages are the in-

creased volume and mass that is necessary for replac-

ing the permanent magnets with coils, and the loss in 

efficiency from using electricity to generate the mag-

netic field.   

Advanced Concepts: Advanced smart materials 

such as piezoelectric and electroactive polymer mate-

rials offer potential advantages to the linear alternator 

field.  Piezoelectric and electroactive polymer mate-

rials are capable of producing an electric signal in re-

sponse to deformation of the material.  They have been 

used in sensor technology and small-scale energy har-

vesting, and NASA GRC anticipates researching the 

feasibility of their use in Stirling engines as electric 

generators.  These materials have  a much higher ener-

gy density than a traditional LA and so offer advantag-

es in size and weight.  By using a single material for 

generation, rather than a system of components, the 

complexity is also reduced.  Another advantage is in 

cost, which is significantly lower than other LA tech-

nologies (with high priced rare-earth magnets and 

complicated lamination geometries).   

NASA GRC has conducted low power tests on pie-

zoelectric materials which seem to offer promising 

results when directly compared to a voice coil alterna-

tor (not published).  These preliminary tests use an 

acoustic source to generate a pressure wave.  Conduc-

tive polymer materials will also be tested with pressure 

waves generated by an acoustic source or linear alter-

nator.  The polymer behavior is largely unknown for 

this type of application and research will be required to 

characterize it.  Once these materials are proven to 

generate electricity from a pressure wave, integrating 

them into a Stirling convertor can be pursued.  The 

linear alternator acts largely to control the Stirling 

cycle and provide necessary  damping on the generated 

pressure wave, and so the materials would need to be 

designed to carry out the same functions and custo-

mized for a specific engine.  Much additional research 

is required to prove the concept of using advanced 

materials in Stirling convertors, and NASA GRC antic-

ipates pursuing this research as the potential advantag-

es are significant. 
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