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Coordination and Control of Power Batteries and Processors in
the Flight Car Hybrid System
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(1. School of Mechanical Engineering, Tiangong University, Tianjin 300387, China;
2. Beijing TsingAero Armament Technology Co. , Ltd. , Beijing 102101, China;
3. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)

[ Abstract] Urban air mobility (UAM) represents a promising solution for alleviating contemporary ground traffic congestion challen-
ges. Consequently, a comprehensive analysis of power system operational characteristics within typical flight mission profiles for flying
cars is of utmost importance. Due to constraints associated with battery energy density and the limited range of all-electric flying cars,
the adoption of an oil-electric hybrid power system for flying cars is a more pragmatic choice. An overview of pertinent research con-
cerning the operational performance of hybrid systems in vertical takeoff and landing ( VTOL) vehicles was provided. Utilizing
MATLAB Simulink, a hybrid power coordination method was proposed that accounted for both operational modes. Distinct operational
modes were predefined in accordance with actual operational conditions, encompassing vertical take-off and landing as well as level
flight scenarios. Building upon this foundation, the coordination of the battery was explored, serving as the primary power source, to
regulate power flow and enhance the efficiency of the range extender. The DC bus voltage was subject to regulation through a DC/DC
converter. To promote the overall longevity of the battery pack, power sharing mechanisms were introduced during both charging and
discharging phases. Simulation results underscore the proficient control of the DC bus voltage, and power distribution between the range
extender and the battery aligns with the predetermined design parameters.

[ Keywords | flying cars; multi-source hybrid systems; power distribution

s B HI: 2023-05-16 11T HH3: 2024-03-07

EEWA.: FRHRBIARAE (11602123) s NS HIA KA R & #£4:(2019J0002)

FE—1EE . KEEH(1999—) , 5, DU TR A P SRR 5828 . BF9E 5 1A) . “AT#R 80 1 R %, E-mail :2130050657 @ tiangong. edu. cn,
CEEEE . R (1987—) B DU, IWPE BRI 2R A AT IR AR  EANLR G S TR AT s S,

E-mail ; lijingyang. thu@ hotmail. com,

Mk . www. stae. com. cn



By oA 5T R

6944 Science Technology and Engineering

2024 ,24(16)

H T AN E AR A 1 Y s S 4 AR Ml T
S BTRE R IR DA B AL G = 2R
TR T B A5 28 X DA AR S0 R 3l T 3 Y 52
WA, AT VR AR AT DAAE 38T B AR E R SR B
Wi, AT LATE N 52 2% BB T 9 A 3l AR G, T AR b T
SCIE BRI B AS DI AT R0 ) 3Tl Y = 4
25 [H]

PN NG SE ISP i YR TS S B S 3
Wiz LS R . BEE X — B 2 AT
THAPIE AT g mmi s B 3k an DR B
DIREE N - /N I = /N TR = o
ARG MBI E . H 3R 4RI BRI MR
TR & ol TRAT VR 1Y A e R It 17 i K 4
ARSCFFFP AR, AT IR 4 s 1 v A
BRE R G AR

H R T [ e 38 Bk AT g 0 SR B
W5 E AR e gl e Bk 2l 5 =X T i 3 e A
AT SR RGNS WA, ZIRT
Bl )y H AR B A X T AR ) E A A kAT AR, A
B RGEAEARE ST A I BT RS
SHIRGAIL IRE 3 B I RS AR
JE T AA WAL H, R NAPL & AL
WAHTEN B RGBT T, HAE R )
RYiM 357,

REAZh ) RGeS BRI R TR A
OCHE, RE S AR WS AT LAy S 2 2 T ) Y
AE B PR S AR TRk 1 e A PR

JHE TR £ i e A TG W 3 o TR A AR
T RISy Hih TARIRAS S5 B R SR
BN RGRIEET L Zha SR PO 5 6 S wg f
e oML H b 20 Y B 803 IS, SR T BAR T AR £
(ideal operating line, IOL) ¥ il #% ff 1L WA HL T 1E
RS TR RAT AR B AL RN AR VR R SRR
LT 100 kg 4 BLE B CALTE AT 55 50 F Y
KA, SR RN L EE S AT AR MR
BOR UL R Kl & i Al A, MG TR L RS
TEIXIRIE I 75 e R G B S8, TR A
FEERIRIR B AT 2555 2 L flt - 52 390 356 1 00 00 )
et RN R /N S SO FE Y SR AL, I A
RORITTH 5 3 A H 3 B 45 3 09 42 Ja) S L4 ) O
WEHEAT 1 H A, TR U ) B A B OR M P AR TE
THEGIZ R AT S 5 T RS bR TR

FET OS2 1Y e B A B R SR T 3 SRR
TRIE 57 ) 5 BB T 42 ) 5 53 1k B g B R
% . Donateo 5;(_;(71 FT Agusta Westland A109 KATRY
PRI S A HR MK AE IR 5 20 ) CALRE R H SR

PN 8 3 % AR TR A 3h R S T & Sl
BRI, PG T AT 55 B4 1 P . Huang A8 ]
GEFETRAS TN ()22 B 147 Ry >R B2 O 1 A Bl A8
X AR Y $1 0 #2 ] ( model predictive control, MPC)
AT T AN 48 52 e MPC B804 B AR g
BRI Yang AL I TRAT VR4 M TR A 4 v RUR
KT HARESIILAER R TAE, 38 1 7 —Fp R T IR
FEsRAL 2 2 R A 3h 01 AT IR g & A HLR g O
HEATA SR, SR, LA S i 2 R B R v
HEE T8 8 TO0T M5, BOME T 58 brds
il

g bk, HED RITIRERZ 4B TT, %
JEE AT B DL R SR [A] A 5 oK, TR 2R IR &
MNFRG, BB TR IR G S 1 RGN
LI ] 7 Z 8D R A T e T R 4y T )
RO TR SRR R A A LA R 3 ) v b FE T A
B TAEEN, BT, BT ITHREREGI IR
G gt — T e I 8 i Ty 1k Y R A R, S
PRATIGRE AR 530 7 fa i 1 D) R A3 e, IR T4 5B
P ] SR s LA SE B RATIR IR B 3 I R E
A, I 4 2 0 FUAETY | X1 g e 8 3405 W F
ATERIE, B R AT N 5 22X “ATIR IR & 3 )
RYTT KA —E 1) TR S S5,
1 BENHNEGHFERET
1.1 BEFE

ATREIRG 3 I R RIE I E 1 R,
B R IE B AT AR B 8 A LA Bl
8 MMIRNER LA K [ e FAR Y . 3 ) S SR R
FHIRG 3 ) R GEHESR , B3l g v i FO3E 72 25 1R 5 3K
U R AR IS B, T AT IR A bR
HERIZAT 250, PR B S e RATAE: 55 #4245
W EECH F € R = BE T T,
SEMA ATRE T A E T L S5, 3%k
TTRTEMERES L, IR 1 PR, B IS FEAR B | 5))
JHL AR AL AL W] DC-DC 72 46 A A AU LA
S AC-DC ZB ¥ gt Ay 3@ i 37 3k SEASE AT F1 PR

[-a) ;

it

-

bidirectional

92
ke
*® DC/DC converter
H
Bl

<« |T6dd M
] 7’

90¢ En

bidirectional DC/DC converter A ¥} DC/DC A8 &%

K1 RIRERG I RGEA
Fig. 1 Flying car hybrid power system diagram
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Table 1 Flying car parameters
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Table 2 Battery parameters
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Table 3 Parameters of ternary lithium battery
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Fig. 2 Bidirectional DC-DC buck-boost converter

&4 M@ DC-DC F&ELTHEESH
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Table 5 Generator specification parameters
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Fig. 9  Simulation results in vertical takeoff and landing mode
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Fig. 10 Simulation results in level flight mode
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