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Abstract: This paper addresses issues in the current design of electric quadrotor fixed-wing hy-
brid unmanned air vehicles (EH-UAVs), including a lack of theoretical basis for the layout con-
figuration selection, a lack of analysis and evaluation methods for the wind disturbance rejection
capability in the quadrotor mode, the issue that design methods for the electric propulsion sys-
tems of most EH-UAVs are to design the quadrotor system and fixed-wing system independently,
and the issue that design methods for the conceptual design are mainly the traditional sequence
design methods without fully considering the complex coupling relationships caused by the mutual
transfer of parameters between various disciplines such as geometric shape, aerodynamics, trim-
ming and stability, propulsion system, weight, wind disturbance rejection capability in the

quadrotor mode, and endurance performance. Based on the proposed improved surrogate model
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based concurrent subspace optimization (CSSO) architecture, this paper establishes a multidisci-
plinary optimization (MDO) method for the conceptual design of EH-UAVs. This is accom-
plished by building geometric shape parameterization models and aerodynamic grid division mod-
els, aerodynamic and flight performance analysis models for different flight modes, evaluation
and analysis models for wind disturbance rejection capability in the quadrotor mode, and the pro-
posed electric propulsion system models. The proposed MDO method and the discipline analysis
models are applied to the conceptual design process of a small EH-UAV. A prototype of the EH-
UAYV is fabricated based on the MDO results. The flight test results of the prototype show that
the flight performance meets the design requirements, and with a 2. 8% reduction in takeoff
weight, the endurance time is improved by approximately 14. 1%, and the maximum wind speed
that the EH-UAV can resist is increased by approximately 3. 5%. This verifies the feasibility and
correctness of the MDO method proposed in this article, which can provide guidance for the re-
search and application of EH-UAVs.
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disturbance rejection capability; electric propulsion system; multidisciplinary design
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Fig. 3 The MDO flow chart

Fig. 4 Schematic diagram of geometric shape parameters
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ek 2 hEE 1 IREE P R

P, = 2mr s tanb, ;5 (16)
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0 Ky
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BRL21 1 A SCHEH Bpw =5 W/ g3 Biyw o i B 5 40 5t
HRASEr e min '« g"°/V; Brow WL 5
MEAEBHELQ - V7 /(r s min D" B WAl
M-NHXERSHLA- Q.
2.5.2 FHHERGBEETRIFFHER

H 3h 52 A VU ie 35 JE A ALFE [ o AR 20T i 4 B

b Bk T 38 A AT 8 BE I BRI B T &Rk . KA B B
o R G W HEE AE T H T
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BEHEF AR B 1S5 A 5 e A i o)
FHEE U e B Begh 1 R GERHEE

(%h = /Dy (19)
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3.2 fifkiEn
R4 SR MDO [R]85 SC, iT @7 i E, B
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Table 3 Design variables and their ranges

witAEE TR bR Wit THROES
by /m 1.5 2.5 d,/m 0.25 0.46
Agy 6 10 T, 0.7 1.3
A 0.4 0.7 Oy / () 4 10
7, /() —5 0 Crip/ mMm 6 14
A/ () 0 15 X 1 2
A, 1.5 3 Blyu 15 000 70 000
A, 0.4 0.65 BYyu 7000 32000
L./m 0.4 0.65 Blikv 0.03 1.5
d,/m 0.4 0.6 BYxv 0.03 1.5
6./ (") 45 60 | Bix/(A+Q™) 0.04 0.35
d./m 0.28 0.46 | BYx/(A+ Q") 0.04 0.35
Ty 0.7 1.3

R 15 T 2SRRI L 3 & A DU 3 T8 A PLER
MDO [a] B 25 o i 5 7R LA K 8 1 R A 0, %
W2 RN 4 iR,

A4 EHYR

Table 4 Design constraints

2y ZH E X Bl

& M./ kg SN A <7

g: Sm PR ERE 10%~20%
&3 Cy 1 1) AR B <(—0.005
8 Cus U 1 AR E AR >0.005

& 8./ KRBT IBEAE AL —25~25

g m/(remin ') BEEXENNEEEHE 5500~7500
g n/(remin ') EERGLEHEHEHE 4500~6500

gs 2 JHE B 7 0 A PR 1] o <60%
g9 " [ 7 383K L v 1] < 60%
AR DY e 3R L A
Lo Tr.nun M Tr.rhax 20. 25
KA h S5 AN Z
gn P, /m i 22 W2 R 0.5d,~0.75d,
h Pi./m JiE 32 4 12 0. 3d,
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TV A BOGT IO 119 T8 32 %0 30 3 B 0 (k=1 2, 3,
D) I TG UR L ] A e e A AT AR R
R o (iR O o AN ST N3

M4 i AU N B HERE S BN oK, o8 T 2
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Lusd.so.sd. ] e € [—30°, 30°] AU F B
€ [—45°, —90°] 3t 13 AR AE Kk it i , Al H
S T #8797 (Opt LHD) 5 51290 A4 il 400 4~ R
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300 ANBEAS A5 Bkt I Y 3 R0 A R B0 ST AR B AR
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25450 H1 s NINF i 28 9 28 150 A 1) Y1 R A Bt hy S
AR B 75 Y0 B IE AR AR AR AR AT A B R
FEA 15%,

R4l [ AR T MRS B 7 oK 4
JRBEIT AR R X, A o« € [—6°, 107 dE3F 12 4
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FEA S, M 3T Tornado Y B8 4> 7 45 84 AT 15
A FEAR AN BT £ R T 1S s 1 R ) R B S
TR A O A A ) R A R DA SRR ) AR
PESR S BB 300 ANEEAR 55K R IR A5 R
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#I Kriging BRUFT RBE Bt 45 ) 45 A5 20050 4 57 4% A~
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Table 5 The accuracy of the different surrogate model types

(5N F5 7Y PR 2SR ) T R 22 A
RSM 0.652, 0.788, 0.832, 0.568, 0.681, 0.880
JiE 3 . A
L Kriging C.s Cp, Cys Gy CysC,y 0.703, 0.792, 0.881, 0.636, 0.720, 0.894
[
NNF 0.823, 0.892, 0.906, 0.915, 0.831, 0.895
RSM 0.999, 0.994, 0.990, 0.998, 0.999, 0.999
o Kriging Cr» Cps Sus Cys Cops0. 0.940, 0.954, 0.903, 0.864, 0.912, 0.942
5 5
RBF 0.999, 0.992, 0.990, 0.989, 0.998, 0.998
RSM 0.655, 0.717, 0.792
B . _ ,
" Kriging Vs s U2 Vs s Vg O 0.896, 0.855, 0.807
4 e
NNF 0.996, 0.924, 0.854

3.4 EEZERRENET
BT CHB R 59 Bk CSSO B3k # 37 i MDO
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Fig. 9 The Pareto optimal front of the optimization results
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A6 R P AR

Table 6 The optimization results marked as P

B3| 28 AL S EEY N
by /m 2.276 d./m 0.527
Ag,, 8. 054 o, 51.94
Aw 0.503 d, 0.33
7. /() —2.022 d, 0.41
A,/ () 9.951 T 0.733
BT Ag, 2.47 Ty 0.731
G2y A, 0.473 Orip/ (O 5.8
L./m 0.51 Crip/ mMm 11.2
X 1.392 Bl kv 0.117
BEvm 21955 |Big/(A+ Q%) 0.044
BYvwm 10609 |Bix/(A = Q"%) 0.041
Blkv 0. 206
EE7N E, 39.1 Vi max 9.0
M, 1.996 3./ —4.4
Su/% 19.8  |m/(remin!) 6287
Cyp —0.075 |n,/(r+min"') 4996
EA P
Cos 0.037 /% 59. 8
/% 50. 7 Py,/m 0.197
Tomin ® Titee  0.256 P../m 0.135
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3.5.1 JREHAII A= b 4E
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AL FFH EPS 3K 9% 55 27 2 /28 E 0 A i i R B
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b T BB R ORI MDO 45 1 8 ) R 88
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BRI~ HFEE 7 A AT H B UK R
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PRI R T VB 852 T DA T 388 452 =000 R 1% A 7
R A 6 SR R TR BT RUE e

AT H AR E SR A TR AT S an & 10 B,
A 10 Ca) v B 86 Sy 4 A 55 00 1 AT R AR
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KB B KRS
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5m/s. & 10 () PR i 30 &2 4 V0 i 3 T ALY B
MR BE 2 8.8 m/s, XN Y B KR MR
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Fig. 11 Results comparison diagram
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