rgremban@calcars.orqg
www.calcars.orq

(@F] [OFTS

THE CALIFORNIA CARS INITIATIVE www.calcars.org




Hybridizing Light Aircraft
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Hybridizing Light Aircraft

29% 36% est.
“ oy gl;@ks nurgber) i @ 0. 4§ \lb/hp-hr

Effective ICE Average auto Hybrid auto Gasoline aircraft | Diesel aircraft
Efficiencies (Prius) (Rotax 9128) (DeltaHawk)
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Hybridizing Light Aircraft
Other advantages to hybridizing a light aircraft

* Quiet electric operation around neighborhood airports
—— Vla ‘pure electric propuIS|on up to 3000’ AGL
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Hybridizing Light Aircraft

Basic calculations, conversions, and values used throughout

« 1m = 3.28 ft
O B kV\(h“z 1 Joule (W-se ) . 3600 sec = 3600 Joules 3.6 Joules

on
[ - A 4 Y \n\e(\o er®*
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Hybridizing Light Aircraft

Estimated LSA energy requirements
(more depth & accuracy by other speakers, but needed here to evaluate hybrid configurations)

LSA (e.g. AGA Lafayette 3) Scaled to 1320 Ib/600 kg gross (max. LSA)
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Hybridizing Light Aircraft

Possible hybrid LSA components

(more depth & accuracy by other speakers, but needed here to evaluate hybrid configurations)
R R R L —
o

27% (0.45 Ib/hp-hr) $500/kW
2 iy E27 T oatet \
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Hybridizing Light Aircraft
Mild hybridization: 3 kWh usable electric storage (0.3 gal/ 0.8 kg of gas equiv)

. Propulsion system
- Elegtrlc system & ICE each rated for full climb power: 60 kW
leGE (e.g. Rotax 912) -

1».' vﬁ"" 55 kg $30k
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Hybridizing Light Aircraft

Strong hybridization: 10.3 kWh usable electric storage (1.0 gal/ 2.9 kg of gas equiv)

. Propulsmn system

oE“‘

ectric s stem -m for fuII cllmb powe[ 60 kW/ 80 hp
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Hybridizing Light Aircraft

Strong hybridization: 10.3 kWh usable electric storage (continued)
. Capabllltleiseglmes EV take-off and climb to 3000’ AGL,

cu.00] unusec ar d  batte Y9 dchard(PHEy a'rk)m

0 . "1 “ ‘““m E‘\’“ "
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Hybrid Architectures

Power-split or
Series/Parallel
| llike Toyota HSD)
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Series
(like Chevy Volt)

Parallel
(like Honda)
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Hybridizing Light Aircraft

Parallel Hybrid Architectures

Parallel Hybrid | Advantages Disadvantages Conclusions
Architectures
\

Inefficiency & wear of ICE Inefficiency of e.g. 10% if
splnqmg on electrlc E)ower valves are opened may be

‘h\tm/ormkihvb
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Hybridizing Light Aircraft
Conclusions y 9Hg

Aircraft hybridization is valuable for very different reasons than for autos
— Quiet and reliability, not increased ICE efficiency
Modern technology, though, could improve ICE efficiency by ~25%

zation, ‘mild Qr/tr ng, qu around 1% to the weight of an LSA
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