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Structural optimization for composite wings of

tail-sitter electric aircraft
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(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. Department of Mechanical Engineering, PLA Army Academy of Artillery and Air Defense, Hefei 230031, China)

Abstract: According to the requirements of material delivery platform in the complex terrain area, the research on the structural design of the

composite wing of the tail-sitter electric aircraft was carried out. Based on the load analysis, the structural configuration and lay out designs were

studied, and the structural design scheme of the composite wing was proposed. The finite element model of the composite wing was developed and

the static strength analyses under different operating conditions were completed. The deformation, structural stress, and Tsai-Wu failure factor

distribution of the wing structure were obtained. The structural optimal analysis of the composite wing was performed on the basis of the stepwise

optimization strategy with the layer thicknesses and angles as design variables. The optimal results show that the structural mass is reduced by

47.77% under the constraints of structural stiffness and strength, which can provide the important reference for the design and development of the

tail-sitter electric aircraft structure.
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Tab.1 Overall parameters of tail-sitter electric aircraft
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Fig.1 General configuration of tail-sitter electric aircraft
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Fig.2  Flight profile of tail-sitter electric aircraft
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Fig.3 Wing loads under rotor mode
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Fig.4 Wing loads under fixed wing mode
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Fig.5 Beam structure configuration of the wing
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Tab.2 Layer parameters of preliminary scheme
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Tab.3 Material parameters of T300 unidirectional tape
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Tab.4 Material parameters of NOMEX core
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Fig.7 Deformation distribution under rotor mode
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Fig.8 Maximum principal stress under rotor mode
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Fig.9 Minimum principal stress under rotor mode
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Fig. 10 Maximum shear stress under rotor mode
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Fig. 11  Tsai-Wu failure factor distribution under
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Tab.5 Design variables of layer thicknesses optimization

SErRL 1 Wit g i BUEE H/mm
455 J2 5L 0~0.3
0° %22 0~0.3

£ - 455 R IR S 0~0.3
90° 4t J2 JEL JiF 0~0.3
Je it IS 2~8
45° )RR 0~0.45
0° 48 2 )& BE 0~0.45

FRE
- 45°Fi)2 RS 0~0.45
90° 4 J2 52 0~0.45
45° B2 R 0~0.45
04 J2 B 0~0.45

TR
- 45° )RR 0~0.45
904 J22 5L JiF 0~0.45
45° 4 J2 5L 0~0.45
0° 4 |2 )L 2 0~0.45

R
- 45° )RR 0~0.45
904 J2 5L JiF 0~0.45
45°FH)Z RS 0~0.45
04 J2 5L i 0~0.45

R ‘

- 45° B 2R 0~0.45
90° 4t J2 JEL JiF 0~0.45
45° 5 2 5L 0~0.3
04 )2 51 0~0.3

SR —45° K2R 0-~0.3
904 J2 5L )32 0-~0.3
et IS 2~8
45° )RR 0~0.45
0° 22 JiE 0~0.45

I - 455 R IR 0~0.45
90° 4l 2 JEL JiF 0~0.45
Je it IE 2~8

K5l 2 S AR g e S B A i SR IR B A
B B AR BRI Ak 3B ¥ (non-linear programming
by quadratic Lagrangians, NLPQL) 3174 = J& B
PRI BIRET 4 i) 47 A ORLEEE 9 0. 15 mm,
B IR Ay 1 mm (R HORY, R A B0 A
B G T 0S 45 J2 J5 P (RLIEA T B R Kb B [ R )i 119
JE A BER T4 T B A 45 SR AH, AR 150 R
JE R BB R A2 2

4.1.3 MR AR

R 2 B BE LA 45 2R, 15 B L LS5 1 & 44
PEGHIZRCR: BB A0 )2 A AT S Z5 A A Ak st
At AN 6 iR o @Bl R A BB AL

1) B8 e ML 3 5 4 2% 4 1 B A il 2
B

2) H b ek % AILEE S5 48 Jie A2 TP & fie /b
Tsai-Wu KA THe/ME .

W52 A0 BEAE Sy B BB AR 5, R 2 H ARist
f& %5 ( multi-objective genetic algorithm, MOGA )
PEATHEZE f B AT

®6 HEAEMLRITEE

Tab.6 Design variables of layer angles optimization
s iales BT AR Hufe/ ()
51 RIE A 0, +45,90

5K : :

5 n JZEE AL 0, 45,90

51 ZGZME 0, +45,90
E IR : :

55 n JZEEE A 0, +45,90

551 RGZE M 0, +45,90
F LK : :

5 n JZEHE ML 0, £45,90

51 ZGZEME 0, +45,90
Al L A : :

55 n J2EE RS 0, +45,90

51 RGHZ M 0, 45,90
PSS S S : :

55 n JZBEE A 0, £45,90

551242 M 0, +45,90
5 : :

5 n JZEE AL 0, 45,90

%1 EGEME 0, +45,90
s il : :

55 n JZ B R 0, +45,90

4.2 RUERHH
4.2.1 A EREMRA

T4 THZEERATT AR, ik
ST IR AL PR S 15 38 T B 4R Z IR
HH TS5 45 SR AT A B2 R B LA S, 454 ot DA
8.96 kg /NNy 4. 68 kg, ) T E B ik 5] 47. 77 % .
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IR T, A5 R B KL & RIS AL B -

S 2 R AL IS L3R 454 SR AR TE e KA
h 28. 4 mm, Tsai-Wu ZREL R T K{E N 0. 741,

R HEEEMRMLER

Tab.7 Results of layer thicknesses optimization

ot w0 D
45l 2 5T 0.15 0.15
04 )2 5L 0.13 0.15
£33 —45°4H 25 0.14 0.15
90° 4 2R JiE 0.07 0.15
BNNES: 3 2.00 2.00
45° 4 2R 0.07 0.15
B 0°%ﬁ)§1§f§ 0.06 0.15
~ 4542 5 0.07 0.15
90°4ijJZ 5L JEE 0.15 0.15
454 R 8 0.07 0.15
E 0"%}25{5 0.15 0.15
—45° 4 2R 0.13 0.15
9042 5L 52 0.12 0.15
45° 4 2 R 0.13 0.15
AR 0°%%J§J§TE 0.14 0.15
—45° 4R 0.13 0.15
904 J2 5L JiF 0.14 0.15
45° 4 2R 0.12 0.15
A A 0°ﬁﬁ)§l§r§““ 0.10 0.15
—45°4 2 B 0.12 0.15
90°fff )22 )R JiE 0.08 0.15
45° 4 )2 LT 0.13 0.15
0°%f 2R & 0.07 0.15
W 5E —45°4 )2 JRLE 0.12 0.15
90° i J22 )R iE 0.06 0.15
Fe 2.60 3.00
A5G R R 0.13 0.15
0°4fi 22 0.09 0.15
T - 45 iR IE 0.14 0.15
9042 5L 2 0.13 0.15
FR 3.90 4.00

4.2.2 HHE R EARAL

28 il THIZ MR AR, R A
FEPRARIS | [ A AT o0 N LI 451 Bk
I KAE HY 28. 4 mm YN Ay 23.5 mm, FEE Y
17. 25% ;Tsai-Wu J58 R FE RAE H 0. 741 J8/NH
0. 561, [IEZy 24. 29% & 19 FiE 20 fizs .

RS HEAEMLER

Tab.8 Results of layer angles optimization

SEt Rt PALHZ
34 [45/45/0/ -45/C, ],
FRIER [45/0/0/ -45],
TG [45/0/0/ -45],
R 2R AR [45/0/ -45/0],
RIGE% % [45/0/ -45/0],
5 i [45/ -45/45/ -45/C, ],
PG [45/90/ -45/ -45/C, ],
fEs/m
W 0%s
0.0183
0.0157
Goto s ?
0.007 85 -
0.005 23 s
I 8.002 62

P19 [l A2 f B AL R DLB B AR TE 2 4

Fig. 19  Deformation distribution of layer angles

optimization results under fixed wing mode

(a) PLELGE K ALAF 43 A
(a) Failure factor distribution of the skin

KHEHET

m 03277
0.304 72
0.266 67
0228 62
0.190 57
015252

1011447

I 0.076 418

0.038 368
0.000 318 15

(b) FLEF RN 50 A

(b) Failure factor distribution of spars and ribs

F20 [T S A 2= AR AR JE L3R R 1 =
Fig.20 Failure factor distribution of layer angles

optimization results under fixed wing mode
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H LA Z5 SR AT 0, 32 3 0 2% 45 T AR
Z REA MBSy, EEE 0 A2 + 45°4)
2 5 BB £ B R Z 5 7, DL 45°F1 - 45° 4
BN T 5 R R AR B e, R T 004 2,
I AT BAR KL 32 T35 R 2 4k, i 90° )=
QI oE

25 L AIAR R A3 A A O vk e T BILER
iR Z AR T, AR S 0 45 o e 24
47.77% , 5L A AL G BAILIE S5 R0 i B AN B2
PERERS B 4% i, W A5 BT 2EK

5 #ig

1) 74 e e =X v 3l RO A AT Ry 179 B A
IV T LR EEAG FAT 23T, SE R T LIS
MBI BT .

2) @ 1 R B ALK S A R DL I 4
P FROTEAY , T Jre 1 e 35 A2 0 [ o SR X T
DT WIARAPERR Ty MR R 00 250 T 4
FRRPESEAT 1 2047 A5 3 T HLIRASIE W ) AR AL
P70 A AER A B 7 8 554 T il i KRB B
oA 12.7 mm, F K Tsai-Wu & K74 0. 510,

3) DABILFEL 25 ¥ 4 44 ol U2 58 B8 R B Ol 183 T
At SRR O e T LS5 AL Bl = AL
WBATHETE . Dol RE BT, A5 LI 45 1
TE I 5 3 R I SRR o i el 2 47. 77 %
oy R B L IR IRt EE S
S/
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