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Abstract: Hybrid system is a new form of promotion between traditional aeroengine and full electric propul-
sion. Firstly, the architectural form, the structure features, the operating principle and development status of the
hybrid system are sort out for unmanned aerial vehicle (UAV) requirements. Secondly, four key technologies of
hybrid system are extracted and analyzed. Finally, some development trends and suggestions for the technology
developments are proposed. The research shows that for the power demand of UAV, within actual technology con-
dition, the hybrid system is an excellent solution given consideration to high efficiency and performance for avia-
tion propulsion, which can truly realize the personalized design of UAV. At the same time, the key technology
bottlenecks including overall system design, high efficiency and high work weight ratio electric machinery, inte-
grated energy management and high energy density charge—storage, do exist within the hybrid system yet to be re-
searched and resolved.
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(b) E-Thrust hybrid distributed propulsion system

Fig. 6 “E-Fan” series technology research verification

systems of Airbus®
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Table 1 Main technical features of foreign motors

Continuous .
. Research unit
operating power

Application

Technical indicator Technical feature

Polytechnic University of Lausanne,

12kW

aircraft propulsion

aircraft propulsion

Switzerland
30kW Sineton Com.,Slovenia
45kW Safran
oMW University of Adelaide, Australia &

University of Wisconsin, USA
250kW GE Com.,USA

Aviation starter/

Solar powered aircraft

propulsion

Electric navigable

Electric navigable

UAV propulsion

generator

Efficiency:92%
Work weight ratio:
0.324kW/kg
Rotary speed :5000r/min

Permanent magnet

synchronous

Efficiency:94%
Work weight ratio:
1.76kW/kg
Rotary speed: 2400r/min

Permanent magnet

syn(zhr()n()us

Efficiency:94%
Work weight ratio:
2.5kW/kg
Rotary speed:2500r/min

Efficiency:94%;

. . Permanent magnet
Work weight ratio: — £

h
Rotary speed:8000r/min synefronous

Efficiency:—
Work weight ratio: High speed switched
3.9kW/kg

Rotary speed:52000r/min

reluctance

Table 2 Energy density of several typical batteries

Type Energy density/( (W +h)/kg)
Ternary lithium battery 180 ~ 240
Lithium iron phosphate battery 120 ~ 150
N -
Power lithium Lead carbon battery 25 ~50
battery
All vanadium flow battery 7~15
Development objectives of 2030 500
Proton exchange membrane cell 600 ~ 1000

Hydrogen fuel cell

Theoretical upper limit

1x10* ~ 2x10*

210719-9



$a3E H11

fle #oH R

2022 4

Fig. 10 Key technology system of hybrid propulsion system

Table 3 Analysis on the importance of key technologies of hybrid propulsion system

Technology category Key Frontier ~ Emerging Bottleneck Contribution
Overall design [ J [ J Important
High efficiency and high power weight ° ° Extremely
ratio motor important
Key technology system of |
. . Ext
hybrid propulsion system Integrated energy management [ J [ J ,X remely
important
Extremel
Energy storage of high energy density ® [ ] [ ] remery
important
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(2) 75 Dy 5 12 o A0 LS e
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AW E R I I, MRS B BAR R
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Jin o v % s O AL BT AR AL S R Ei Lz
FIT A4 DS PE it T DL R s BILAE ) e ) e e B A
PEER S A BT RGN REE K
R OPERE M AR

(3) RE & 255 8 BEEOR 2 H 2 AR

ML REY F AR I AN M AR H 4

K, AR E H R 2% 4 A RE R G0 L RB TR B
RO UK 3 5 G0N H FR G0 AF L[4 A R 2% 1 RE TR
EH ARG AR TH KBRS . hFH/hETA
BILRe FH 118 0 40 #1042 1% 2 % sh AL (/N6 43 2R FH /1N 78
Bl & S AL ) R B2 5 b O R — O AN )
R, O PR TR RE VR R G0 0 R AR ik 4 L 2 AR
& S LA HL L FR e i AT 00 0 G B RS AT R . [
B, B 107 A5 fh A O 1 HL ) 2R B8 N R AR S aE AT LB H vl
ST AR R A 2 T R B R A R AR DA
&, EH R G TAER CAT % 4 K 5 2
HEARHEENN R G REEGAEHBEAR,

(4) %5290 4 v Bl A T = AR A RE R 4
K

H AV AR R H St A A R K P EL R
i A T 2% 3 AE 100W /kg LR, A % T e /)N 50
To N ALK U 2 232 % i 3 AIK , 7 $2 R R /T T R
15 B0 JC vk B AT AT o AR L 2 R A L T R
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