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Risk evolution analysis of eVTOL operation in UAM ecosystem

based on complex networks
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Abstract; In order to clarify the correlation of eVTOL risk factors, and explore their impact on risk
prevention and control in the UAM ecosystem, complex network theory was used to establish a risk
evolution model. Based on the UAV accident database at home and abroad and the statistics of general
aviation accidents, combined with the operation characteristics of eVTOL in urban low-altitude scenes, 35
types of risk factors and 10 types of dangerous events were identified from the perspective of human-
machine-environment. Gephi software was used to construct the network model, and the key nodes were
evaluated comprehensively by the node degree, proximity centrality, internode centrality and PageRank
(PR) algorithm. The key edges were evaluated by the internode number, so as to determine the key risk

propagation path. In order to reduce the system risk, the measures to reduce the chain breaking disaster
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were proposed, and the system safety after chain breaking control was measured by network efficiency

index. The results show that there are strong correlations among the eVTOL risk factors in the UAM

ecosystem, and there are eight key risk transmission chains. The system safety is improved by 4.74%

16.21% and 18.10% by blocking key human factors, key system technical failure factors and key

intermediate dangerous events, respectively.
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Tab.1 Risk factors of eVTOL operation in
UAM ecosystem
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Fig.1 eVTOL operation risk evolution network

in UAM ecosystem
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Fig.2 Degree and degree distribution of nodes
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Tab.6 Comprehensive analysis of key risk nodes
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Tab.7 Critical risk transmission chain
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Fig.3 Network efficiency comparison after

broken chain control

L, #56l UAM ZEZST eVTOL B2 17 KUK, 56
SRAE TR SR B, BV i) XU, A% 6 4 1 4 s XU R
£, s R A3 5 A8 J& 2 A B AW IR K
W DRI 22 DRI 2T JF 58 38 UAM AR A S
L s AT B RS I R D1 A5 DG AR N O1 I R
BRI, R RS i N 225 . o hh, T2l
b UAM Y50 F By 05 A I B R B {2 eVTOL
FERE TR AT 14 4tk RIS, 1007 IR i
Al R g i ] fE I S Bk Ao & A R, RO R
ARG EE R, 2 R ER, D6 5
D4 J& 2 OCHER h RIS F0E, R B RS
23 SO S T A AR AL, B AR R AT DL B R AT
i s AR A B AR i e RS IR A HE AR B,
HCRE AT R A BELIR 1 A R 7 K R i, G 5 e AR K
KA R BB RS, TR B A2 O L T e P
(B 2 sk T p b 77 sl A el e A
SEEMEABIN KL, X e AT AL
LT Y R R IR I A R O LT I A R e
B 1k B

FIFH A 24 0 25 38 3 3 KURS: SC AL 45 B A2 3K
HH XU AR B, L Ry R e TS5 B ARl e 4



hoE T e B % ¥R H34:
- 198 - China  Safety Science Journal 20244
il 77 G2 BELIT XU i A 2 7, 3R T R s R FEAARME
WSS 5 SCHR[ 19 ] ) FH D1 - 3 1) 286 e A1 4 = B
=A

LS TR ZIARL, S5 AR PR A S sl Rk W R S
RS | GRG0 = A 1 25 P Rl A | R P BAMILAE:
AN MR 2021 4E 3 A 25 H NTSB LAk A £ 1%
fRIZH A B eVIOL "KAT 25 10 o 0 A 42 45127
X BT BT SE B UE , F T RAT A A 4 o
R R FEOZ LS BTy RS, AT
i F SR fA F AL B 4 T DL ORBR AR H5 ] i b
T E N DT R BN 2 il 1 i, = BORE AR )
A FBOZAL T R R [ iz R4 nT 4k
3 SR XU AR R 4, 43 0 AT T R G b -8
HRE TR | RATHER RN 22 - s PRI | A v A 4 - B
B, 55 30T oy KU A% #5445 AW &, X UE A
eVTOL SEFRiz 17 H () 55 2R 15 5 T 2 0 2% 16 b A
UG AS 1 DG B DRI % 495 41 25 SR A 7, 38 o
S 2% 43 BT e VTOL G XU PR 28 15 AU i £k G

1) G 0928 eVTOL FZia 17 KUK I 28, A
NABEZR BB R 3 >0 B R0 o AU 25
R BE T 35 2B I ZE A 10 AR F A

2) UAM A& F eVTOL iz 47 XU 1 Ak 5 70
45 N5 R, 232 SR AT R B, T A I 4% 1 2R
G SN R B I S ] N R R
VR A EZ DN R i TR B ey o I e
8 A% 7% W 24 St XUy AL 4 4

3) bR S XURS: R 2 SR =0, 45 XRG4
Tl it 55 DB U K 7 58 5 I I 28 380 03 i R G
Sk G50 ER L3 FhIrEE AR ) r R il Rk 4
PEHE T 4.74% (16.21% 18.10% , y UAM £ &5 T
eVTOL (32 FRiz 1747 s 40 17 8 5 56 [l fZ
EYIRI

PATTERSON M D, ISAACSON D R, MENDONCA N L, et al. An initial concept for intermediate-state, passenger-
Urban air mobility airspace integration concepts and
considerations[ C]. 2018 Aviation Technology, Integration, and Operations Conference, 2018 2 261-2 276.

PAVEL M D. Understanding the control characteristics of electric vertical take-off and landing (eVTOL) aircraft for urban

PONS-PRATS J, ZIVOJINOVIC T, KULJANIN J. On the understanding of the current status of urban air mobility

development and its future prospects: commuting in a flying vehicle as a new paradigm[ J]. Transportation Research Part

WS, DIKE, WO, . FRATEOBERATEIAL) ). MR, 2021, 42(7): 82-106.
ZHANG Honghai, ZOU Yiyuan, ZHANG Qiqian, et al. Future urban air mobility management: review [ J]. Acta

HOLDEN J, GOEL N. Fast-forwarding to a future of on-demand urban air transportation[ EB/OL]. [ 2022-11-28].

ZH, B, TEX, F. BO eVTOL fITsstVlimERIcaBe8I2smAL]]. @i TIEZR, 2020,
LI Chenglong, QU Wenqiu, LI Yandong, et al. Overview of traffic management of urban air mobility (UAM) with eVTOL
GRAYDON M, NEOGI N A, WASSON K. Guidance for designing safety into urban air mobility: hazard analysis

BAURANOV A, RAKAS J. Urban air mobility and manned eVTOLs: Safety implications[ CJ. 2019 IEEE/AIAA 38"

& £ x o

(1]

carrying urban air mobility operations[ C]. AIAA Scitech 2021 Forum, 2021 299-320.
[2] THIPPHAVONG D P, APAZA R, BARMORE B, et al.
(3]

air mobility[ J]. Aerospace Science and Technology, 2022,125(6) . 1-9.
(4]

E. Logistics and Transportation Review, 2022,166(10) . 1-24.
(5]

Aeronautica et Astronautica Sinica, 2021, 42(7) . 82-106.
(6]

https : //evtol. news/__media/PDFs/UberElevateWhitePaperOct2016. pdf.
(7]  National Academies of Science. Advancing aerial mobility: a national blueprint[ RJ, 2020.
(8]

20(4) . 35-54.

aircraft [J]. Journal of Traffic and Transportation Engineering, 2020, 20(4) . 35-54.
(9]

techniques[ C]. AIAA Scitech 2020 Forum, 2020: 1017-1 034.
[10]

Digital Avionics Systems Conference (DASC). IEEE, 2019. 1-8.
[11]

THOMPSON E L, TAYE A G, GUO Wei, et al. A survey of eVTOL aircraft and AAM operation hazards[ C]. AIAA

AVIATION 2022 Forum, 2022. 1-12.



%31 SR AT 2SI T eVTOL SE A MR LM T £ 199 -

(12] SCHUURMAN M J, RATTANAGRAIKANAKORN B, KASSAPOGLOU C, et al. Urban air mobility (UAM) vehicle
design considerations to facilitate future accident investigation[ CJ]. AIAA Aviation 2019 Forum, 2019. DOI. 10. 2514/
6.2019-3628.

[13] #6588, £235, X% v EFNHHNSORITANEKBNLMGI]. PERZEETRNZRA, 2020,
16(11). 178-183.
HAN Peng, WANG Mengqi, ZHAO Yifei. Failure risk assessment of logistics UAV based on Bayesian network[ ] ].
Journal of Safety Science and Technology, 2020, 16(11). 178-183.

(14] CHRIS C. A review of military drone crash data as the UK considers allowing large military drone flights in its
airspace[ RJ]. UK. Drone Wars UK, 2019.

[15] F8EE6, RWCE, B2, RESHEI0 NeUEmIREMBSIBSENG]. PEZERNFZR, 2020, 30(12):
125-132.
MU Nengye, KANG Qiuping, JIA Chengfang. Vulnerability assessment of urban express networks under influence of
emergencies [ J]. China Safety Science Journal, 2020, 30(12) . 125-132.

[16] ZEXR, £FIE, BN, F EXANS MERRNSHECELSXN DT[] PELZENFZFIR, 2021,
31(11) . 141-147.
LI Haoran, WANG Ziheng, YANG Qifan, et al. Evolutionary model and risk analysis of metro disaster chain under
complex network [ J]. China Safety Science Journal, 2021, 31(11) . 141-147.

(17] KB, SHRHE, ERS. WKERESEONERSMENMARLI/OL]. IERMEMAKREZR . 1-13[2022-
11-28]. https.//kns. cnki. net/kems/detail/11. 2625. V. 20221110. 1328. 002. html.
ZHANG Qingsong, LI Dongqi, LIAN Xiaoxue. Corrosion and hydrogen evolution risk of waded lithium ion
battery [ J/OL]. Journal of Beijing University of Aeronautics and Astronautics: 1-13[2022-11-287. https.//kns. cnki.
net/kems/detail /11. 2625. V. 20221110. 1328. 002. html.

(18] SABINO H, ALMEIDA R V S, DE MORAES L B, et al. A systematic literature review on the main factors for public
acceptance of drones[ J]. Technology in Society, 2022, 71. 251-270.

[19] Kixzx, BB EFNHANSOSERESREMNZSCTXMARI]. NERARSIRE, 2022, 22(36):
16 269-16 276.
ZHANG Xiaoquan, MA Han. Operation risk of electric vertical takeoff and landing aircraft based on Bayesian
network[ J]. Science Technology and Engineering, 2022, 22(36) . 16 269-16 276.

[20] National Transportation Safety Board. Aviation accident final report( DCA21LA094)[ R]J,2021.

BB ZARF (1978—) , 5, My A Wt BIBESE 51, 328 =25 vh 3238 2 2R D7 T i 5

E-mail ; Ipyuan@ cauc. edu. cn,





