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Project Partners 

¸ Bladon Jets 

 

¸ SR Drives 

 

¸ Jaguar Land Rover 

 

¸ TSB  
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Project Objectives 

¸ To Design and Build a Gas Turbine Range Extender 
¸ To enable vehicle weight savings of 100kg + 

¸ To reduce vehicle CO2 emissions 

¸ To help speed adoption of EVs 

¸ Outline Specification 
¸ Axial flow micro gas turbine ï no recuperator 

¸ Switched reluctance generator ï no permanent magnets  

¸ Air bearings ï no oil 

¸ Air cooling ï no water 

¸ Low NOX emissions ï no catalytic converter 

¸ 50kW electrical output 

¸ 30kg weight  
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Why Gas Turbines? 

¸ One moving part 

¸ One continuous cycle 

The IDEAL Internal Combustion Engine 

¸ Lightest Weight 

¸ 20x power to weight ratio of piston engine 

¸ Most Efficient  

¸ Up to 65% in combined cycle power generation   

¸ Most Reliable 

¸ Typically 8,000 hours service life 

¸ Most Versatile  

¸ Run on any liquid or gas fuel  

¸ Most Green 

¸ Clean combustion / low emissions 

¸ Lowest Cost!  

¸ <10% parts count and materials mass of piston engine 
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Why Not Jets Everywhere? 

¸ Why not in cars?  

1950s & ó60s Gas Turbine Powered Cars 

¸ Gas turbines are not suited to providing drive through vehicle wheels 
¸ Low torque, difficulties with 50,000+ rpm gearboxes & high fuel consumption 

¸ But ideally suited to serial hybrid application 

¸ Lots of attempts: 
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1970s Gas Turbine HEV 

¸ Toyota S800 GT Prototype  

¸ All electric drive 

¸ 22kW gas turbine generator 

¸ Impractical due to limitations of lead-acid batteries  

¸ Shown at 1977 Japan Motor Show, but never put into production 
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1990s Gas Turbine HEV 

¸ Volvo ECC  

¸ Environmental Concept Car ï 1992 

¸ 110 miles per hour (180 km/h) 

¸ 55 miles (90 km) battery range 

¸ 415 miles (668 km) extended range 
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2000s HEV Microturbine 

¸ Capstone C30HEV  

¸ 30kW gas turbine generator 

¸ Core GT technology from 1950s 

¸ 102kg  

¸ Expensive (~$20,000) 

¸ Limited adoption in commercial vehicles  
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Micro Gas Turbine Problem 

Previously, Gas Turbine Technology Did Not Scale Down 

¸ Problem is in the compressor  
¸ Axial-flow (ideal design) could not be built small 

¸ Individual compressor blades assembled on hub 

¸ Difficult with small diameter 

¸ Forcing use of less efficient centrifugal compressors and 
[therefore] recuperators ï which are heavy, bulky and costly  

Centrifugal Compressor Axial Compressor Axial Blades  
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75mm 

The Bladon Breakthrough     

with 5-stage axial 
flow compressor 

just like  full size 
gas turbines! 

The Worldôs First Axial Flow Micro Jet Engine 

¸ A quantum leap in technology 

¸ Enabled by patented blade-forming process 
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SR Drives Generator 

¸ Switched Reluctance Technology 
¸ Laminated steel rotor  

¸ No permanent magnets 

¸ No rotor windings 

¸ Potential cost and ruggedness advantages 

for automotive applications 
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Target Application 

¸ Plug-in Serial Hybrid ï e.g. Jaguar Limo Green   
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Jaguar Limo Green 

¸ Lotus Range Extender 
¸ 3 cylinder petrol engine 

¸ 1.2 litres, 35kW @ 3,500 rpm 

¸ 70kg 
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Project Timeline  

Design Build Test 1 Improve Test 2 

Range Extender      ǒǒǒ ǒǒǒ 

Micro Gas Turbine ǒǒǒ ǒǒǒ 

High Speed Generator ǒǒǒ ǒǒǒ 

Test Rigs ǒǒǒ 

Start 

May 2010 

Now 

Sept 2011 
Finish 

Jan 2012 
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Range Extender Concept 1 

50kW Bladon 

80,000 rpm 

micro gas 

turbine + 
50kW  

80,000 rpm  

generator        
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Range Extender Concept 2 

+ 
50kW  

50,000rpm  

generator        

50kW Bladon 

95,000 rpm 

micro gas 

turbine 
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Range Extender Realisation 
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Generator Realisation 

AME_Generator_explode.wmv
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Compressor Test Rig Mk1 
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Air Bearing Test Rig 
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Generator Test Rig 

¸ Back to Back Configuration 
¸ One machine as motor ï one as generator 

¸ Coupling via torque transducer 

Internal air outlet 
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Project Benefits 

¸ Significant Benefits       

  ï even before project completed 

¸ Enabled by UK Technology Strategy Board support 

¸ Strategic Partnership between Bladon Jets and 

 Tata Group (Jaguar Land Rover parent)  

¸ Interest in automotive & power generation applications 

¸ World Wide Interest  
¸ In project, partners & UK Low Carbon Vehicle programme 

 ï due to: 

¸ Jaguar C-X75 Concept Electric Supercar 
¸ Launched at Paris Auto Show  (October 2010) 
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Jaguar C-X75 

Hereôs one I made earlier é 

Concept Electric Supercar with Twin Gas Turbine Range Extenders 
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EVs Are Great, But é 

¸ Electric Vehicles are Great 
¸ Reduced oil dependence ï power from renewables 

¸ Low emissions ï zero (tailpipe) CO2 
¸ High efficiency ï 100+ mpg ñwell-to-wheelò  

¸ Low running costs ï 2 cents per mile 

¸ Drive just like ñrealò cars  

¸But é 
¸ Drive just like ñrealò cars ï for 60 miles  

¸ Limited range ï range anxiety!!!  ï due to batteries 

¸ High cost ï due to batteries 

¸ Heavy weight ï also due to batteries 

 (maybe 100) 
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2010 Range Extenders 

·EV Trial Support Vehicle 

·EV Customer Solution 
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Max output: 2000W 

Rated output: 1600W 

Weight 21 kg 

L: 510  W: 290  H: 425 

 

ǒNot enough power! 

Max output: 5000W 

Rated output: 4500W 

Weight: 75 kg 

L: 800  W: 550  H: 540 

 

ǒToo big and heavy! 

Retrofit Range Extenders? 
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Max output 6000W. 

Rated output 6000W. 

Weight 15 kg. 

L: 300, W: 300, H: 200. 

Micro Range Extender 

Concept 

ÅA bolt on cure for range anxiety 

future proof  (multi fuel)  
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Micro Range Extender  

Application 

Mitsubishi i-MiEV 
2013 production target: 50,000  

Nissan Leaf 
2013 production capacity: 200,000 

·Range Extender Option for EVs 

·to make them more practical 

·to overcome range anxiety 

·to make them more saleable! 

E.g. 
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Challenges & Conclusions 

¸ Challenges 
¸ Original timing plan was too ambitious 

¸ Design inter-dependencies required many iterations 

¸ Aerodynamic and thermodynamic  

¸ Rotor dynamics 

¸ Air bearings 

¸ FEA (thermal and mechanical) 

¸ Windage losses are an issue with high speed SR generators 

¸ Compressor test rigs are not trivial! 

¸ Air bearings are not at all trivial!! 

¸ Conclusions (project not yet complete ï full report due early 2012) 

¸ Significant technical learnings 

¸ Valuable foundation for MGT future in auto applications 

¸ Commercial progress for Bladon Jets  
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