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Design and Performance Analysis of an Edge Electromagnetic
Driven Saucer-Shaped Ducted Aircraft

Z0U Wenyang', LIJiayi', LIU Kai', ZHANG Henghui', WANG Yifan®,
WANG Xinlin®, LIU Tierang’, CHEN Jichang', TONG Mingbo'
(1. College of Aerospace Engineering, Nanjing University of Aeronautics &. Astronautics, Nanjing 210016, China;
2. COMAC Beijing Aircraft Technology Research Institute, Beijing 102211, China)

Abstract: A medium-sized saucer-shaped ducted aircraft, which utilizes “edge electromagnetic driving” , was
designed to address the issue of traditional rotary rotor motors being unable to provide sufficient output torque
for large-sized blades. To verify the rationality of the design and evaluate the performance parameters of
aircraft, structural strength simulation calculations were conducted for typical overload conditions of the
aircraft. Furthermore, aerodynamic numerical simulations were performed for hovering and flying attitudes,
and electromagnetic force simulation calculations were conducted for the selected electromagnetic coil
configuration. The research results show that the edge electromagnetic drive system of the aircraft can output a
torque of 3 700 N-m with a torque density of 33.76 N-m/kg, meeting the operational power requirements.
Additionally, the aerodynamic capacity of the aircraft design, with a maximum takeoff weight at the one-ton
level, was calculated, and the structural strength met the requirements under typical overload conditions,
providing reference for the configuration design and driving scheme of medium and large saucer-shaped aircraft.
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Fig.1 Overall structure of aircraft
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Table 1 Parameters of aircraft
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Fig.2 Upper rotating fuselage structure of aircraft
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(b) Grid division result of frame structure
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Fig.3 Grid division result diagram of aircraft stationary

structure
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Table 2 Physical property of airframe structural materials
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(a) Cloud diagram of external static fuselage compression strain
under vertical 2.5g overload condition
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(c) Cloud diagram of external static fuselage compression strain
under vertical 2.34g and heading 0.855g overload condition
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(b) Cloud diagram of internal static fuselage pressure strain
under vertical 2.5g overload condition
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(d) Cloud diagram of internal static fuselage compression strain
under vertical 2.34g and heading 0.855g overload condition

Fig.4 Strain cloud maps of aircraft fuselage structure under two typical overload conditions
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Table 4 Static strength verification results for various components of airframe
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Fig.6  Typical pressure and velocity cloud maps of aircraft

in hovering attitude
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Fig.10 Aerodynamic force variation curves under forward

acceleration conditions
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Table 5 Maximum torque generated under different
numbers of electromagnetic coils and magnetic

flux densities

R B /T ﬁgﬂggf’%% 41 5 5/ (Nem)
16 56.03
24 618.82
30 1096.56
32 1494.43
! 34 1773.01
36 1778.62
38 1 680.98
40 1 586.29
16 119.32
24 1 392.67
30 2 599.50
15 32 3293.09
34 3 736.56
36 3816.45
38 3716.99
40 3 546.51
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Fig.13  Torque density of driving system under different

numbers of electromagnetic coils

F6 YTHREBERSTARNEENRERRASHEE
Table 6 Maximum aerodynamic torque of rotor at differ-

ent speeds during hovering of aircraft

BERAEE, PREERKAS FRERRKA
(remin™") 5 /(Nem) 56 /(Nem)
700 718.6 691.5
800 932.8 897.6

900 1184.2 1135.65
1 000 1450.9 1396.75
1 100 1758.4 1692.1
1 200 2128 2043.2

1.5 T By ff 8 % 2 T g™ 4k 3 736.56 Nem O HE4H
BN RTHR6ME T P4 T T K 7 sh#e

FR7T RITHR1200r/minHEETAEAFE CEERNEENRE
KEHELE
Table 7 Maximum aerodynamic torque of rotor at differ-

ent level flight speeds of aircraft at 1 200 r/min

TR/ e f KA B TER RS Eh
(mes™) 5 /(Nem) 5 /(Nem)
20 2145 1992.5
30 2197.7 2073.7
40 2 364.2 2125.8
50 2392.9 2173.6
60 2404.7 2 186.25

HE, AR AR A Y R 0 AR B T DA R AT AR s
TR oK .

Pz AT AR K B R GE S S HTOE A W S &
T Al AT R LR R L EAT R, Ik 8
NN NP Y- W NI - P RS ST E R
B 77 5 Hoa i W) O TARRE AR Be ), [E B,
BE AR 9% I 3K #) 33.76 Nem/kg (& 13) , Ak T 4% Y
LIS — BB . 763 8 F, 38 [ Hinetics 23 ] %
DN R 2 A 3 R /N 2 ) S A IRV
2.6 MW, fiz K 5% 5 0] 35 8 000 Nem, 5% 5 % ¥
33 Nem/kg, XA B LR T 54 RATEH LMW
RN IR B BT R BT W AR SR
SR 3R 20 5 58 HAT AH 24 19 55 F A5 40 1.

®8 HATHBEHARZENSH

Table 8 Electric machine parameters of aircraft electric propulsion system'"”

]

emmE/ N

ALY 38 B /B R LR R/kW i/ (remin™)  #R/ (Nem) (Nemekg 1) RZS
RFPMSN Siemens 260 2500 1 000 20 el
RFPMSN ENSTROJ - Slovenia 100 1 300 750 34 AL
PMSM 280 1200~2 300 2 200~1 200 20~11 ML
PMSM Rolls - Royce 2 500 14 500 1650 FEAL
M The Ohio State University 1 000 4 000~5 000 2 400~1 900 24~19 FERL
RFPMSM Hinetics LLC 2 600 3000 8 000 33 it

TE =7 R AR L BIL ST i B 0 e

5 & &

AR SCHR ) — PR R 0 18 AT A Y BT A %
BT T SR G "7 & O R BE AT
fe PR At T — R AT A R R IR S A . IR B T &
HAag LU R g

(1) fai HH B ] 0 i T A 8 R AT AR AR FRL AL,
HRAT &7 )OO, L Sl ]

(2) BB i 56404 5, las I Bk sh 5 %
(R AT A AN E R R R B i HL BB KT o 4 1
A HE R

A SCARFC X L IR B 5 R T T — 3B E K
FT4% 05X CAT 2% 25 00 il 14 B 2E A7 7 L0 HE , 4%
T 06 A 435 SR FE B, X Al 0 ko G K 2 5 R K BE AR
A KAT AR S5 B PR RE RO AT T L 76 1.5 m Y
UK gk R O AT A% AL i 3 700 Nem 1 i i
BEHE R B AR S8 AT A B HL 1 24 50% 5 [A)
IF, %5 55 % 1k %) 33.76 Nem/kg, 4b T 34 5 76 0F
e HLAY SR —BRBN o Z5 1Tk 2 0K 3h SR g Sy v
KA CAT 28 00 3R s BT H AL 108 A 5 1 R i
FLA 0 A AR A R S B 1 FH I 5
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