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Abstract:In order to analyze the influence of degree of hybridization and the number of electric motors on the
climb performance of small hybrid-electric aircraft and the selection of different performance parameters in the
climb stage, according to the aerodynamic model of the hybrid-electric aircraft and the system model of
tandem structure, the optimization variables of the degree of hybridization, the climb speed, the angle of
climb, the number of electric motors and the take-off mass are taken as the optimization variables, and the
amount of fuel for the climb and the extra payload are taken as the objective functions, to establish the
hybrid-electric aircraft climb performance optimization model. Multi-objective particle swarm algorithm and
non-dominated sorting genetic algorithm are respectively used to optimize the solution and comparative
analysis of a certain type of hybrid-electric aircraft, and the optimization results of the two algorithms are
compared with the results of the foreign research, which proves the effectiveness of the optimization results.
The optimization results show that the two optimization algorithms have good optimization effect on reducing
the amount of climb fuel and increasing the extra payload of the aircraft. To minimize climb fuel consumption
and maximize extra payload, the degree of hybridization is 0.99, the climb speed is 51 m/s, the climb angle is
7°, and the take-off mass is between 1 830 kg and 2 200 kg.
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Table 2 Comparison of information from two algorithms
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Table 3 Comparison of the effect of flight altitude layers on optimization variables
RS RATR B/t WRAEI I TeTEEE/(mes?) &I /() mzhPllis & iR /ke
13 000 0.990 51 7 1~4 1 839~2 200
Z H bk HF 12 000 0.990 51 7 1~4 1 830~2 200
11 000 0.990 51 7 1~4 1 816~2 200
13 000 0.986 50.90 6.96 4 1 835~2 200
AR 32 FE HE i A vk 12 000 0.987 50.98 6.97 4 1.820~2 200
11 000 0.989 50.95 6.96 4 1 810~2 200
F4 CTBRERXBREBAZMITE
Table 4 Comparison of the effect of flight altitude layers on the objective function
R AR AT/ M €Tt kg AN AT kg
13 000 11.78~11.79 2.08~220.08
% H bk 12 000 10.87~10.88 3.38~221.56
11 000 9.96~9.98 4.28~222.16
13 000 11.83~11.84 6.85~219.24
P 3T HE P e A 12 000 10.92~10.93 4.66~219.99
11 000 9.98~9.99 4.26~222.49

H 2 3R AR, ©AT @ XAk A i A A
P RS i A5 /N, PRI AR SC I 25 1 12 000 fe s B
T35 H A7
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FURE B 8 TR A 3h 0 e E T R T T AR A E

LB 4 AR A RS A B 5
AN o AR STBC HE P i A2 Sk EAT AR I, B FL
BN A =85 T AV ARS8 R Lok 5 N L B E E A R R
KL RL UL, A SR O 1~4 4>, i AR
SCRCHE R 8 A Bk AL i B S HL R Dy 3~4 4> Hl4
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5 2 HARRL T RO A RS

x5 HUTENTUTEEITLE

Table 5 Comparison of the range of variation of the optimization variables

Pk As & BB LfE R/ (Whekg ) REZH NI TCTFBE/(mes ) J&FHA/(7) maPLBR & KERE/ke

400 0.990 51 7 1~4 1 830~2 200

% Hbrki 1 #F 350 0.990 51 7 1~4 1 823~2 200

300 0.990 51 7 1~4 1817~2 200

400 0.987 50.98 6.97 4 1 820~2 200

jggg{f 350 0.989 50.98 6.99 3~4 1817~2 200

= 300 0.989 50.95 7 4 1817~2 200
2.4.5 BAHARHYmatk JITHC 0. 1388 Hm 2 0.99, 18 FH 2 H b+ BB L6,

NT MR A 3h J1 X 24 H AR B R R
W € T 338 i AC TV #1152 ok S A A, H Sh LB Ky
44 R TR RN 2 200 kg, {0 B 45 3 H Wb
L fiE 43 51 o 400,350,300 Wh/kg (IR 4 31 11 X
Xt H A oR AR i 04 A8 Ak il Ze X L W 11 PR . F
B AT 45, 24 H it b BB o 400 Wh/kg B 1R G 3

@ T R > T 113 kg, HRAN A SR TR N T
37.45 kg {ff AR 3 e HF 7 a8t 4% 53 1 i, e T 9 o
W0 T 1.35 kg, B AT RL kA B T 37.43 kg
W, PRy 4 R WY IR B J0 He AL 0.1 35 i % 0.99
B, B 02 b 3 el /0 € T v £ I 384 0 & S0 A7 Ak 2k A
FLPRh o ik AR 4518 1 — 3
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Fig.11 Comparison curves of objective function variation

with degree of hybridization
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Fig.12 Comparison curves of objective function variation

with climb speed
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Fig.14 Comparison curves of the objective function with

number of motors
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Fig.15 Comparison curves of the objective function

variation with take-off mass
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Table 6 Hybrid-electric aircraft data comparison

e RAESH N TETFEE/(mes ) CTHA/C) BBShPLECE AR kg
% H bk B A 4 0.990 51 7 1~4 1830~2 200
Ak S HCHE 8 AL Bk e fb 45 R 0.987 50.98 6.97 4 1 820~2 200
[ A1 2 e fk 4 R 0.990 60~61 13 2 1 600~2 000
ZE LRI AR SCHI AL 45 SR R A AR, AU S B 7 T AR A TR L R B R R Sk S B N A
[ AME 57 245 SRR R — 250, 1 ELAE R o A Bl AL T R R PR R NP .
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Table 7 Degree of influence of optimization variables on

the objective function
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