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‘Free Piston Engine’ concept dates back to 1903 
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Key questions for FPE pioneers: 

• Balanced or unbalanced? 

• How to synchronise pistons? 

• What to do with the power? 



Compressors 

Source:  http://www.jsme.or.jp/tsd/ICBTT/conference02/kohama3.html 
http://www.freikolben.ch/37464/98401.html  

Junkers air compressors used in 
mobile and marine applications 
from 1930s to 1940s 

http://www.jsme.or.jp/tsd/ICBTT/conference02/kohama3.html�
http://www.freikolben.ch/37464/98401.html�


Hydraulic pumps 

Innas Chiron (~2000) 

University of Minnesota (~2013) 

Source: http://www.innas.com/CFPE.html  
http://www.mobilehydraulictips.com/ccefp-update-hydraulics-free-piston-engines/  
  
 

Toyohashi University  (~2004) 

US EPA/FEV (2005) 

http://www.innas.com/CFPE.html�
http://www.mobilehydraulictips.com/ccefp-update-hydraulics-free-piston-engines/�


Diesel pile hammers 



Pescara/SIGMA gas generator technology was 
applied in multiple applications during 1950-60s 
 

Source:  
http://utahrails.net/up/fg9.php  
http://www.freikolben.ch/37464/98443.html 

1-30MWe SIGMA power stations  
(Reims, Corsica, Cherbourg,  

New Caledonia) 

Marine propulsion 
(Minesweepers, liberty ships) 

Prototype trains & cars 

http://utahrails.net/up/fg9.php�
http://www.freikolben.ch/37464/98443.html�
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJKcgob8t8cCFctYGgod7F0LYA&url=http://www.carstyling.ru/en/car/1956_gm_xp_500/&ei=RfHVVdLlFcuxaey7rYAG&bvm=bv.99804247,d.ZGU&psig=AFQjCNErKTZvLUlZTEpenlqTp5h5oY6LFw&ust=1440170623970725�


..but ‘Free Piston + GT’ system efficiency was not 
competitive and was displaced by technology advances 
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Stirling engines 

Source:  http://us.sunpowerinc.com/ 
 http://www.qnergy.com/  

Sunpower Infinia/Qnergy 

http://us.sunpowerinc.com/�
http://www.qnergy.com/�


Stirling coolers 
Twinbird  

SC-TC04 40W  
Apex instruments  

SGC-4000HG  
Sunpower 

Cryotel range 

Source: Supplier literature 



Encontec free piston pulsed compression reactor 

Source:  http://www.encontech.nl/papers/PaperLyonWHEC16.pdf  

http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�
http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�
http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�
http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�
http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�
http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�
http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�
http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�
http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�
http://www.encontech.nl/papers/PaperLyonWHEC16.pdf�


Research & development free piston engines 
• Aerodyne Research inc. 
• Czech Technical University 

• General Motors/Sandia Labs 

• German Aerospace Centre 
• Lotus/Loughborough University 

• Newcastle University 

• Pempek 
• PETRONAS 

• Sussex University (AMOCATIC) 

• Toyota Central R&D Labs 
• West Virginia University Research Corporation  

• Volvo/Stockholm Institute of Technology 

• .. 
 



Has anything changed? 



Demand for efficiency due 
to climate change policy 

Market pull 
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'Free Piston' IP publications per annum 
Source: WIPO 

Free Piston patent publication rate has 
increased sharply since mid 1990s 

Market pull 
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due to rising fuel cost 
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materials & manufacturing 

technology advances 
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Evolution of combustion engine control 

• Ignition 

• Fuelling 

• Air 

• Motion 
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Free piston engine efficiency can deliver a third 
more power than today’s ‘best in class’ generators 
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Mechanical transmission of power used to be 
the norm before electrification  

5 April 2015 
Libertine linear power systems 

Factories with mechanical transmission equipment in Schaffhausen, ~1880 
 
 

http://krisdedecker.typepad.com/.a/6a00e0099229e88833017ee8935903970d-pi�


In cars, mechanical transmission of 
power persists despite complexity, 
cost & inefficiency 

Input  
(Combustion 

power) 

Output 
(Shaft power to 

gearbox, auxiliaries 
and valvetrain) 



 

7 March 2015 
Libertine linear power systems 



So where are all the 
free piston engines? 



Technical challenges have stalled mass adoption 

• Motion control 
Combustion variations  

 

Velocity & position errors 

• System losses 

• Thermodynamics 
• Friction 
• Sealing 
• Electrical machine 
• Power conversion 

• Complexity • Costly design architectures adopted  
to solve  motion & system loss challenges 



Proliferation of ‘new engine’ concepts 
Ox2 LiquidPiston RadMax 

Astremo 

Lontra 

REVETEC 

Libralato EcoMotors 

Star Rotor Anyoon Hefley Scuderi 

Go 

Moller 

.. and  
many  
more 



Car companies don’t buy 
new engine concepts 



Pre-requisites for mass adoption 

1. Technology maturity (TRL/MRL) 

2. Demonstrated performance advantage 

3. Cost competitive 

 
 

 

  



Technology maturity 



Technology maturity 

Low TRL = under-performance,  low MRL = high cost 
 
Completing the development journey pre-revenue is 
too expensive, so technology remains in the lab 

~90% 
of 

cost 



Materials 
Sim tools 

Auxiliary 
systems 

Opportunity to buy in mature technologies,  
shortening the development path 
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system 

developers 



Linear e-machines technology is maturing fast 



Market opportunities 

2015 2020 

2. Distributed power FPEs 

1. Actuators & pumps 

3. High volume  
- Hybrid vehicle FPEs 
- Domestic CHP FPEs 
- Air conditioning & refrigeration 
- Heat pumps 
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Market opportunities 

2015 2020 

2. Distributed power FPEs 

1. Actuators & pumps 

3. High volume  
- Hybrid vehicle FPEs 
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- Heat pumps 
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Emerging market opportunities 



General Fusion: The ultimate linear power system? 
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Linear Power Systems 
Challenges & opportunities 

Thank you  

http://www.libertine.co.uk/�

	History & applications v1
	Linear Power Systems�History & applications
	‘Free Piston Engine’ concept dates back to 1903
	Key questions for FPE pioneers:
	Compressors
	Hydraulic pumps
	Diesel pile hammers
	Pescara/SIGMA gas generator technology was applied in multiple applications during 1950-60s�
	..but ‘Free Piston + GT’ system efficiency was not competitive and was displaced by technology advances
	Stirling engines
	Stirling coolers
	Encontec free piston pulsed compression reactor
	Research & development free piston engines
	Slide Number 13
	Free Piston patent publication rate has increased sharply since mid 1990s
	Slide Number 15
	Slide Number 16

	Challenges & opportunities v1
	Linear Power Systems�Challenges and Opportunities
	Free Piston patent publication rate has increased sharply since mid 1990s
	Evolution of combustion engine control
	Free piston engine efficiency can deliver a third more power than today’s ‘best in class’ generators
	Mechanical transmission of power used to be the norm before electrification 
	In cars, mechanical transmission of power persists despite complexity, cost & inefficiency
	Slide Number 7
	Slide Number 8
	Technical challenges have stalled mass adoption
	Proliferation of ‘new engine’ concepts
	Slide Number 11
	Pre-requisites for mass adoption
	Technology maturity
	Technology maturity
	Opportunity to buy in mature technologies, �shortening the development path
	Linear e-machines technology is maturing fast
	Market opportunities
	Market opportunities
	Emerging market opportunities
	General Fusion: The ultimate linear power system?
	Slide Number 21


