








Feasibility

e powerful ‘rare-earth’ magnets for use Iin
electric motors

SmCo magnet holding
1000x it’s own weight




LiPo - lithium
polymer cells:

150 Whr/kg
1000 W/kg




Feasibility

... and a change in the law to allow lightweight,
low wing-load (slowish), single-seat aircraft to
be exempt from airworthiness legislation:

o empty weight less than 115 kg

« empty wing loading less than 10 kg/m?
e maximum take-off weight of 300 kg

o stall speed of less than 40 mph
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Principles of flight
o Lift and Drag
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| /D for various aircraft:
Space shuttle 2:1
Parachute 4:1
Light a/c 10:1
Airliner 15:1
Glider 50:1



Electric vs. Petrol

Energy content of petrol = 45 MJ/kg = 12.5 kWhr/kg of which ~30%
can be turned into power = 3.7 kWhr/kg

4-stroke petrol aero-engine power rating ~ 1HP/kg = 0.75 kW/kg

High-tech. electric motors have an efficiency of ~90% and a power
rating of 6 kW/kg

LiPo cell storage capacity is ~ 0.15 kWhr/kg (1/25 of net petrol)

A 75 kW electric motor saves 85 kg in weight, but this only
corresponds to 13 kWhr of battery capacity = 4 kg of petrol
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Efficient Alrcraft

http://en.wikipedia.org/wiki/Image:Dg800.jpg

 long, thin wings and a
sleek body profile give
high efficiency: lots of
Lift with very little Drag
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“Hummingbird
« 85 kg empty +
25 kg batteries

 aluminium alloy,
fibre-glass with
Dacron skins

L/D=181@
45 mph

e 10 m wingspan
* 6 m long



Electric Powertrain

Modelling of motor & prop. performance:-

Thrust & power required ?

200 kg weight with L/D = 18:1 @ 45 mph = 11 kgf
(=110 N @ 20 m/s, this Is an aerodynamic power
requirement of 2.2 kW)

Each motor/prop. must therefore produce 5.5 kgf @
45 mph airspeed to maintain level flight

Extra thrust (x 5) is required for take-off and climb



Electric Powertrain

« Test modelling of motor & prop. performance

== AeroDesign Propeller Selectar E@&J

Altitude | Loo % [Feet -]
Air Speed | 5.00 | |MPH -
RPM |  4206.00 = |RPM -

Mumber of Blades
Blade Pitch | 12.00 % [Inches - |
Prop Diameter 22.00 % [Inches - |

Thrust [ 8.8828  |Kilograms - |
Power Dutput |  194.71 Watts |

Power Absorbed [ 1500.2  |watts - |
Efficiency [ 12979 Percent

Prop Thrust Coeff. 01484
AZC Thrust Coeff. 45 582
Tip Mach Humber ] 03617
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0.75R Pitch Angle [ 13034  |Degiees - |

Theory Experiment

www.gylesaero.com



determined

Electric Powertrain

* Modelling of prop. characteristics allows
motor power (= current x voltage) to be

Static thrust data 22"x12" 4-blade prop.

. ——Theory —=—Expt.

500 1000

1500
Power (kW)
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e Good agreement
with theory - high
motor efficiency



Electric Powertrain

e Twin brushless aero-motors, 10 kW each

Prop. thrust (kgf)

25

20

Thrust at various airspeeds
—= 5mph —e—45mph —4—70 mph |

1 2 3 4 5 6 7

S =130 rpm/V,,

T=0.074 1, Nm/A



Electric Powertrain

o Twin cell stacks 12 x 3.7 V, 40 Ahr LiPo (3.5 kWhr)
 Integrated control system required for battery safety

ithi 317 x 12”
Lithium Brushless dc

polymer cell  |— BrushlessI:notor Ly ero-motor 3-blade

stack controller > CF prop.

Battery Management System T

Throttle | Pulse width
lever controller
4 *
o4 Ok, 534, 6
. 15,117

. 15.18



Electric Powertrain

Full-scale static tests

Thrust (kgf)
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Hummingbird Performance

e Duration ~40 minutes

* Range 35 miles

e Max. rate of climb 650 ft/min
e Max. speed 80 mph

(+80% more duration with additional cell packs)

But how are we going to charge the batteries ?

« \Wind turbine
* Fuel powered generator eg. LPG, fuel cell

e Mains power



Wind turbine

Post-code check for windspeed (5.5 m/s avg.)

1.8 m dia., 35% efficient turbine will generate
~1500 kWhr of electricity per annum

Assuming 67% charge efficiency = 270 recharges
This equates to ~180 hours flying each year

Rotor Diameter: 1.8 metres (oto 150m).

Mean Wind Speed: 5.5 metres per second (o to 12m/'s).
Cut-in Speed: 4 metres per second (o to 7m/ s).
Cut-out Speed: 14 metres per second (10 to 25m/'s).
Turbine Efficiency: 35 percent (10 to 59%).

Weibull Shape Parameter: 2 {1-3, S0 use 2 ifunsure)

| Calculatekwh | Predicted Turbine Output

restore defanlt values 1 s 485 km

www.reuk.co.uk



Wind turbine

» Post-code check for windspeed (5.5 m/s avg.)

e 1.8 mdia., 35% efficient turbine will generate
~1500 kWhr of electricity per annum

* Assuming 67% charge efficiency = 270 recharges
e This equates to ~180 hours flying each year

This 1s actually quite feasible

Note: if all the parts were made from aluminium, the
alrcraft and wind turbine would cause ~1000 kg of
CO, to be released during manufacture.



Conclusions

An electric leisure aircraft Is now just about feasible -
on both technical and economic grounds

We are building an experimental microlight aircraft to
test electric and hybrid power sources

Battery performance will continue to increase - and
become cheaper

A wind turbine offers a feasible and carbon-neutral
approach to re-charging the batteries between flights

Hybrid-powered aircraft, particularly for GA, will
become a reality in the near future



