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Why Flywheel Energy Recovery?
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- High Efficiency &%

- High Specific Power &I
- Low Cost {REZA

- Safety &%

- Life-of-the-vehicle ©£% b

Development Progress
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Traction and Braking Energy Consumpticy
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Braking to a stop and back again
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A battery hybrid typically returns less than 35% of the vehicle’s

original kinetic energy
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Four energy transtformations
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Flywheel ERS Evolution
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Compact ReProp
low-cost version
'Electromechanical’ 50KW X 2 100kW

ReProp low-cost
AWD version
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Integrated Flywheel-assisted Surge Power Drive
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Breakthrough approach to system
integration w/ proven components
« Hi-speed IPM motor ( ~ 14krpm);
« Flywheel speed: ~15krpm; PRI 50KW pk PM Motor
- Batteries and controls housed | (12725kRPM, max) g

separately.

product concepts ~30cm
- Scalable product line;
» Cost-effectiveness;
« Durability, reliability, life. v

Resulting in innovative and superior
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Hybrid approach to hybrid EV’s! Flywheel Gearbox




Integrated Flywheel-assisted Surge Power System
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To flywheel(s)

High Efficiency

High Specific Power
(optionally, very high)

To road
wheels




Low
L/100

150kW

Plug-in
optional




LE MANS 2014 LMP1 FUEL FLOW LIMITS - from Appendix B

'Releasable Energy' MJ/lap <2 <4 <6 <8
Max Petrol Flow kg/hour 93.0 90.5 87.9 87.3
Non-hybrid LMP1-Ls are allowed 95.6 kg/hr, 9.5% more than a '<§'

'Punishing the virtuous'

It's a French thing — you wouldn't understand....

World motorsport is controlled from Paris....



Hybrid Family Car

Diff
Flywheel

Engine off: 100kW Battery
Engine on: 160kW

0-—100: < 10secs, <8secs 60kW



EM Flywheel Power Product Dev @ CHK
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» PoC prototype  JRIEH#: 2012.7.
» Test-rig prototype &Z2#£#1: 2012.12.
« Functional Proto. IhfEREHL: 2013.9.
- Market Launch  7#47#2 ¢ : 2014.8.




Conclusions

* Flywheel Power is emerging as the next-generation drive technology
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- EM flywheel power system is of superior performance, least
development risk and lower cost for wide-range of apjgllcatlons.
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« Compared to traditional Flywheel-based ESS, it is of light & compact
package with minimal gyroscopic effect & safety hazard.
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« Flywheel speed: ~25krpm vs. 50-100krpm
« Rigidity & Safety
—Tolerant of high shock and vibration loads from road

High efficiency, high specific power, low cost
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