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Aeroelastic Optimization of UAVs Based on Adjoint Theory

HUANG Yinzheng', WANG Xiaozhe®, WANG Liuging'
(1. Flying College , Beihang University ;2. Institute of Unmanned System, Beihang University , Beijing 100083, China)

Abstract: The application of unmanned aerial vehicles (UAVs) is becoming increasingly widespread, with growing demands for lightweight,
cost—effective, and high—performance designs. As structural flexibility increases, multidisciplinary coupling effects become more prominent.
Therefore, efficient aerodynamic—structural optimization methods are crucial for enhancing the overall performance of UAVs. This paper com-
bines the aerodynamic vortex lattice method and the structural finite element method to conduct aerodynamic—structural analysis in a loosely
coupled manner. Rapid nonlinear sensitivity optimization is achieved using adjoint theory and sequential quadratic programming. For two typi-
cal UAV types, long—endurance, and high—-maneuverability UAVs, the aerodynamic shape of the wings and parameters of the spatial beam
structure are optimized to minimize fuel consumption. The results show that the proposed aerodynamic—structural optimization method can ade-
quately consider the aerodynamic—structural effects of UAVs. Under the condition of satisfactory structural safety, it can enhance overall per-
formance and significantly improve design efficiency.

Key Words: UAV; aeroelasticity; optimization; adjoint theory; sequential quadratic programming

AR ARPERE S Hh T 2K

0 35

il

To B HAT PSRRI A IR 0 38 45 B85 3 1oz P 4
A0 A, A R FHR 22 U AT R o s 1t
NALIIAERRRE 1 22 32 3 RBLESH Rah A R AT 55 28
JU I T8 25 PR 225 ), T AT 55 58 U LA S AR AE Rl S
FURATIERE MM B RE S UIAR G o BEE A2 BOR A R T
AN S I PRI S IR PR AT AN TR R B 1) LT, X B AL

75 H E9 :2023-06-14

W2 A BT AN WS I, T AHILA 4548 B i R AR I
TR SR SRS, B AR AR R A G R
— AR A AU R bR AR S AR T i 23 e
[6] (9 5 SR AR R AR BT ROR Y[R, o 52 1 B A
RERIHR T BB AL T 0 5 8 T sl 5 45 Z 1a] i
FA RO, IF AL IZ AR B 11, S8 /AT 8 2R
BT 2RI PERERY SR T . AR HL i
HEHL BT R E A 238 TR TZ

EEWA % & ¥ BAFHFASTFE AT B (20220NRC001) ;AL 5 A+ 32 £ 457 B (20222012051001)

EE B F AL (2000-), B, b FTMEMRKF RATFRFE AL, FRLFH @A ATEEIT; T (1990-), 5,4+, b 7 MmEMRE K
FRAZAB R EBRT R AL A5, R F @ A AT BRI A R R 2 A (1988-), %, 1+, L TALE AL
RRKFRATFRBIT, R T @ AR TIKE AN ERZIT, ALl AR Tt



5510 3

HRLER, EBEES, ENTT T REE B T AL S A <27 -

N o BT B AR B B0 R A SR i AR i) 22 2 )
AR N €7 SN 11D 6 = RE Sy AV <3 f e
AT EREMNA ANES HIEN T 20 s NR
ISR A PR [ R ) 1988 4F , Jameson 'O 1 K 1
B 7 R I T3l E bR R OB B SR A AR b, IR XS HIL
HATRA B, TR RS T B AR S Rt AR
AR TE G, 1 A A URAT O 2 B ) 22 R
) R, PR MGG AR SR AS 3 T2 6, Anderson 45 R
2R B Ty s R B R e, SE 80 T XU A pLat
F B A L2 R D AR R 67 3R T 35 /MK s Wang 2516 R
FETHEBE 5 1k i DL AR TR B X L3 A2 Bl e HEAT T 4
HiflAk ; Batay % 7R I 2 # BRI L T B, 25 4 FEBEOR
fife &% o U IR AELBEAT T IR AT B AL s Wilke R
FH B FEIF %0 2 HAREACHES2 S8 1 % BT AL e 35 2 i
MR s 25T R 2 e 22 B bR ALl A2 vh 25 5 Pl B 7
%IRRT R SR SR TR R e AR AR
FHEETHERE B A b Bt ik S8 7R3 R &
frasiyahikfl.

bt IRACTC AN AL = AL 2l LA R A A I B 1) 75 KA
Wir i g, SRR TP BE RS 0 S B P DAk e TR BE A2 1R
ZARHRE PRS2 LB B . A s
B WA T A FROT A3k 3 FA RS & 1 XS = Bl i
PRSI, JF5E T 9 90 R FLA0N R Bt B0 T Je Al Ze v il
et 3 BT X L s RS LN G 2 B 78 T8 A AL, DL e/ )N
BRUMIEFE N B AR, X PLIEL ) S AME i as (8] R A5 4 55 240
AT, IE XA BT B A5 R A TR AT .

1 SEERE

1.1 S3hiRtgx
XFTRAT#8 BSB o B AR It b 2 %o 25 ] N=-S 7 B 1
KA. WA IR AR S T FR SR AR R R R L, 52
(1] N=S J7 R (R 5K A AR EL , R 25 SR A 340t i) Bl i35
7R RENE LLTE B BT B RICR R S 3 S BGHE T U HER Y
*%[2110
MR PN ] 25375 5 #, ] DYE $8 ol o5 Ak 35 o 5 BB
HAMFMEAAVISM, XD R, Hrp, € ol S
b7 G B ) FRBOE B T 2R A 108 2 0 ik 2 B 1 371 1)
i,V R R T B NV R A A B Y 1]
[CcxT+V,]-N=0 (1)
3 A SR (1) PTG 25 1 1 Tt 5 BE RSB T,
= (2) R Ho F B BT, p, HoRIREE,
V., RARGLEEE , V, R SR B s R s, T, o i
Bt Ll .
F =p,(V.+V,)xT, (2)
RAE IR A AT B N 1 s .

(a) Traditional vortex lattice method

(a) fegtimtsik

Bl

(b)  Improved vortex lattice method

(h) itk

Fig.1 Vortex lattice method vortex line layout method
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Fig.2 Finite element model of space beam element
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Fig. 4 Basic process of optimization design based on gradient optimi-

zation algorithm

B4 EFHERCERHRMZTREARRE

3 TANSEhEERAL

31 KEEHFT AN

A AALL , 8g 23233 Tl YR A i K 53— mT A7
2RI R W IC AHLBEAT HIDCBR ], oT LA B 2
Kk P3N SR B E A
3.1.1 ToHHE

Kot 2 IC AMLER R AT T oL 1 FiR . BEHUNA-
CA0015 F A HLELY) b ZELAN 3R 2 firs , IR I 7075 45 &
G AE B REERI R

Table 1 High overload UAYV flight state parameters
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Table 2 Initial shape parameters of high overload UAV wing
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Table 4 Optimal design results of high overload UAV
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Table 5 Flight state parameters of long—endurance UAV
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Fig. 7 Initial wing geometry of long—endurance UAV
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Fig.9 Optimized design results of long endurance UAV
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