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For the expected success of e-flight and autonoumous V: ,_.
flying we have to solve the following issues: AP

v’ International certification rules electric propulsion — fly by wire and
autonomous flying

v" Service and maintenance practice for high voltage systems

v Air traffic management systems for increased traffic and density

v New safety concepts — what we call at Flight Design “Vision Zero”

v High Density (weight to power) electrical sources, which give an equivalent to
current fuel based systems

v’ ....and than evolutionairy airplane concepts considering the solution for
above

All information within this presentation are considered highly confidential and intellectual property of Flight Design general aviation GmbH.
This presentation and its content may not be used as whole or in part or quoted in any way without explicit prior approval of Flight Design general aviation GmbH.



Today we concentrate on Motion needs Energy \/\,,_
and performance is not depending on the source of Energy L\
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Fuel Station Hydrogen Station Electric Charging Station
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An electrical car needs the same amount of energy thana —&%¢C /\

similar car with a traditional engine FLIGHT DESIGN
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An electrical airplane needs the same amount of energy than a\/\,r
similar plane with an traditional engine
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Electric aircraft Airplane with a traditional engine
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An electrical airplane needs significant less energy than a v

VTOL alrcraft Wlth same performance FLIGHT DESIGN
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VTOL aircraft

Electric aircraft .
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An electrical engine is: HZj4k : ¢r

v’ Significant lighter means weighs 1/6 of the weight of a combustion engine  ruichT pesicn
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v Produces by itself “no emission” HzIHiEANSr2 4 “IER”
- Gas engine produces & creates emission; VI AR SIHLAE =41 HHERUE S
- Electricity production does mostly create emission; Hi /1A &) & B3l 5 7= 4R 55

v Produces “no noise” HZN ik Az “Ez”
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Fuel versus Electricity AR5 H 7] V/\"'

v" A very good combustion engine produced maximum 4.000 wh/kg fuel = 0,241 / Hp """ PEeR
— MBI T 750 A 724 226 4,000 ELESf = & 0.24 ANFT74E—H )] -

v A small 2 seat motor airplane consumes 50-60 kwh to cruise at 120 kts = 222 km/h

— A/ NI EE RATLES 50 ~ 60 T 5L / /NI B 7728/ 120 13 = W28 222 BV
v" Even the very good motor gliders Stemme S10 with an L/D rate of +50 at 107 km/h = 58 kts,
consumes +40 kwh at 120 kts = 222 km/h.

R R AV R EEFINL Stemme S10 7£ K17 58 77 = B[ 2E 107 AN H > 1F L/D RCREEK
¥ 50 5f > A K2R 120 79 = BF2E 222 N EE > 450 FFE 40 T EL / /N DA _ AN E)
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We can save energy by: & REE IR ES

v Reduce cruise speed to the speed of L/D-max: e.g. 65 kts versus 120 kts today
[EAK 3 L/D-max HIIERE: BIfn: 65 5 A X B 120 35 8

v Increase the L/D rate to a motorgliders 25 versus 8 on conventional airplanes

% LAY /D SRt - A BN 25 EL 8 -

v’ Increase the thrust generated by propellers (rotors)
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.......0r have more amount of energy available ETiEE i
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By Hybrid engines
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Improved Batteries R KJEE st
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collectors {LiMnO,; on porous Ni)

A0 ancde
{MiSn on porous Mi)

Lead batteries provide 40 wh/kg Modern li-ion batteries 150 - 200 wh/kg  Future 3D lition batteries +600 wh/kg
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Energy Density of Batteries HHEEERZE S,

The next generation batteries with 600 wh/kg in the near future
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Efficient Fuel Cells E3IBNRI B R
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Efficient fuel cells with 1 kg of carbon hydrogen tank today provide
~15 kwh power at the propeller.
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Performance Comparision EgELEEEZR FLﬁGN
Electric- Electric- Electric- Electric- Electric- E-Engine
Fuel engine Engine Engine Engine Engine Engine 81 kw + Fuel Cell
81 kw 81 kw 81 kw 81 kw 81 kw 81 kw (53%eff)
Fuel 40wh/kg 150wh/kg 600wh/kg 900wh/kg 2.200wh/kg Hydrogen kg
400 kwh = kg 100 10.000 2.667 667 444 182 25
Tank kg integrated  integrated integrated integrated integrated integrated 330
Per kg 4 kwh 0,04 kwh 0,16 kwh 0,66 kwh 0,9 kwh 2,2 kwh 1,13 kwh
Stack/Converter N/A N/A N/A N/A N/A N/A 90
81 kw Engine
installed — kg 100 15 15 15 15 15 15
Total weight kg 200 10.015 2.682 682 459 197 460
Fuel / others 1,0 50,1 13,4 3,4 2,3 1,0 2,3
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The future is electric and autonomous
Thanks for listening!
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Thanks for listening!
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........ designed for your Mission
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