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Multi-objective optimization design method for propeller structure
of a high-altitude airship

CHENG Junjie, WANG Haifeng, SHANG Lingling, YU Tianxiang

(School of Aeronautics,

Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: To avoid the resonance of blade caused by rotating exciting force, it is neces-
sary to increase the bending frequency of blade, but this will inevitably increase mass. In or-
der to solve contradiction between low mass and high frequency, a two-objective optimization
method of propeller was proposed. “The minimum mass and maximum bending frequency
were taken as two optimization objectives. The laying angle, thickness and region of the
composite were taken as design variables. The maximum strain, maximum tip displacement
and torsion angle at the 50% , 75% and 85% secction of the blade were taken as constraints.
The non-dominated sorting genetic algorthm [[ (NSGA-][ ) algorithm was used to optimize
the propeller, and the Pareto solution of mass and frequency was obtained. The rotation fre-
quency of the two blades at 520r/min was 8. 76 Hz and the crossing frequency was 17. 33 Hz.
The scheme far away from these two points was selected on the Pareto solution set according
to the frequency. Through manufacturing and testing, the frequency of the real blade was
12. 29 Hz, which was far away from the two resonance points, but can effectively avoid the

blade resonance.

Y B #8:2020-07-15

BEIHE WK ARB¥ES(51675428)

TEB B BB 995 B Wi LA BB KT A Mt

BEES : Filie1971—), B Bl M+, BN F T80 5 . WERE T R4, E-mail: haifengwangl @163. com

SRR R, Eipg, MR8, . —Fhm s CEIRIER S5 £ B AR LAt 7 ik LT ). M= 8 Jy % ik, 2021, 36 (3) : 584-591.
CHENG Junjie, WANG Haifeng, SHANG Lingling, et al. Multi-objective optimization design method for propeller struc-
ture of a high-altitude airship[ J]. Journal of Aerospace Power,2021,36(3):584-591.



%30 RS —ME s BB £ Bin it orik 585
Key words: high-altitude airship; propeller; composite; bending frequency;

blade resonance; multi-objective optimization; Pareto solution set

o 2 R e AR A 2 B AR U . AT AR
KT Do 1 425 R 2 i sl AR i 3l
G AL B R AR R RS HA K
1 B Ik WA 1 4% B D7 1) 1% W JE L 7 2 R R
FEHT AR BUT 4w SR i AR g DR X, HL e
RN Dy A A EHIR 75 S 00 T A2 R Bt
PR T 32 2R SR IR A0 2 A BT A 0 S B2 o
i RS A AR 2 T Y A L [R) IER HSR T
58 JSE 1+ B M JSE DR Rl 3R B BTk i 1 S5 R
T LA K BRE £ e I R R 2 g it

i R SEE LASR IS AL A1 B A CIRAR
i i 3020 HLEE f 5 7020 e /AME R 4K E A
DA 2 T2 P38 R 2 IO A1 D8 B2 4+ LB Aat e
JEAE S 23 Al 3 A% 58 1 (GAY X g 5 R AL 5
FEEHBIER BEAT T oAl . EAREES L/ M B
VE A F AR AR I iy DX DX B B8 A Sy i
3 VS SINIPIIN SNk SN VA T
(9 SEAEAR D 25l  GA Bk 0 B 5 B R X
BUM BEAT TS5 AL . 22 A W45 AR T 2
LR )R 9 R A A 2 LU & A RL Bl JZ AR L
2 T B R 2 A A O e A, L de /b i
J EAR L GA SR PL AT 1A ieit. 5k
SRR LU/ M BT R AL HHL 2 W RE 7 Shy 7
At BAR . LU & #0ORH 280 5 2 AR D
Bt AL EE DU 2 58 R A DA 249 3 ol R
TE A A T S A 3 15 0k (NSGA-ID LS8 i T
FEMBHETER R0 . ik s 5 0k
LT YRGS S RDRHZE A B P2 HZ S5 Bl R 2 2
DU K 54 O fiff D s B JE R R A%
TR B L ROSE B2 A BB Y kA
A A E 70 R 50 PR R R 1 SR LR /N
ZERCTE 7 S . BRI AT LUK Y A A (TC
B RIS ALER V5 B G G 0 M o it A L ]
SRR AL T (MPGA) X & A M RHIER 1T T
DAL - AR T ELTHLIESE AL (4 IR Bh 24T

Hi T RS 14 32 T 4 3 O ARG R AR TR /N 4%
A2 3 R DX St 261 ek 22 9 SO I8 A i 2
£ 2% 107 2% e AR T TR AR TR 1 2 25 . Pt
ASCAEHE AL & i B aly L 3R T — MR &
PR 2 5T i 5 00 A 1 W H AR DL AR D5 % L R R
BT i AR I Pareto fiR 4. ARIE 1 Br &
il AR S PR 7 5K L 7E Pareto fif 42 1 6 B 2L 2R

37 58+ I AR M 4 A X L A4
1 HIRTHTH

1.1 s

W 2 235 R T 2 T T 4 532 v 38 2R A R e 2
IS5 PERE. A SCHFSE I B ARl 6. 8 m BR3¢
P28 R 58 B2 -2 I 25 kT XL B2 o L7
AL 1, Horh SR R B AR R AT DL
S 5 7 1) 1 W EE A BT DL R R i AR L
B [ A 0% 0 5% B R AR & BT AR P i
32 7 J5 WL R0 2S il AR T8 L JET AT DL/ 2
AR TY 7 BB RCRFEAR

ISR il e

Fig. 1~ Cross section of blade

T LB JZ S5 F MR i 2 e AL L BRE 2
R4 B AR o 0 20 A XK B AR 1 A
DR SE 21 A DK I 2L B e S A
G2 = DX
1.2 HRTEER

12,1 MR 5 5 M A

5% J7 10 A 3 1T SR 4 8L 2R A A T AR BE
ST O W 1 22 BB B I P O R T
AU R W) RAETE T 58 B 3R (N Ak 3R A5 —
2 A5 B AR — A 5 1 B
A B AR BY IR AT LA R e R R RE
% 18 BRI T AL AR SRR ) A CT700) F0 i
L) (T300) B LA B Ok BT IR g 2 B8 1] 7 Fl
MW R S PERE LR 1,

fi#i ] HyperMesh i 8t - 2% i 3847 90 % K1) 43
h TR ERCRE SRR 2R U8 A
e [ FLJFE ] i B /0 = AT A, 3% > A5
i CTRIA 3 HT(=MIEHIO A 61 4>, CQUAD
4 L (UIE B0 A 17443 4>, fii Jf PCOMPP
FA (HyperMesh w1 () — il &2 G b R 4558 1D
M5 MR 2 8 SO X ETT M 8L, B 2k
R RN A R R 0 T3 R X R Y R — 2
HE A48 TR S BE bR RE R BE RS54 R



586 it o= 3 1 ¥ i %36 &
B r
) r X452 K ik
K1 K19 | 20
K o |___ R tr\\
——O—< . I .
k - /J///

X321

B 2 3t AN AN X 3k R 2R R
Fig. 2 Blade shape and region division diagram

x1 EAHWHEM

Table 1 Composite material properties
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HZJEEE (/mm 0.12 0.2
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Table 2 Comparison of forces on aerodynamic grids

and structural grids
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Fig. 3 Pressure distribution comparison
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Fig. 5 Flow chart of blade optimization
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Table 3 Ply information of design scheme

BZ X AE/C) BEE/mm B i

1~20 45 0.2 1 wAMNZ
1~5 0 0. 48 4
1~6 45 0.12 1
1~6 —45 0.12 1
1~20 0 0.24 2
1~12 0 0. 60 5
1~10 45 0.12 1
1~10 —45 0.12 1
1~20 0 0.12 1
1~11 0 0.48 4
1~20 45 0.12 1 Hha] )2
1~11 0 0.48 4
1~20 0 0.12 1
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Table 4 Comparison of blade test data and calculation data

X AR R

2R PR Sk BR2E H 4y L/ %
&/ ke 15.57  18.32  2.75 15
Wi%/Hz  15.20 12.29  2.91 19.1
A/ mm 27.49  25.30 2.19 7.9
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