L 2% Bl 1R

Aeronautical Science & Technology

Oct. 25 2022 Vol. 33 No.10 16-23

50 —AESMIE AT IR0 Sl rE P R e

iR

AM B
PIE ETEPLBE VRSN, 100 SHAERT, 333001

W B EANRER . TRWELAZANDE T AT RERKREANREE AR RO EL T @, EATNE TR
WA T RE s h R R vt St ol R LR E st . BT Hamilton REZ T T —F AR ER . TR K TS
M 3h 7 F A, AR UH-60 KUR R 50 28 00 7 i 8 7 sk o A i, St s e R A R B i A T R B3 A T R A A
BREFAHATTHAN BT TRAEMB RN AY W, FRENA, FRASTI REFE AAERE, HEME
ME A TR TRAST RERBENEREGME, fEMEM T RAR T G4 ERET ML, TR E R
Kot W& ol in f 0y 3 , L M E M ot B E E I A R B AU A, T A R &R S LA R st Bt E o BOR

SR Hamilton 25 %4 & MR E#: TRA: B#A

FESES:V214.19 EkFRIRED: A

PRBFIE 5[] SIS [R5 R 75 B AL 1 174 o = 2
(4 [R)80, T BILAR 2l R 7 K25 ™ E S e AL A 1
i TR R BT PR 32 A B s YR AR R R DR
PR3 R 38 o 2 Bl Bl iR i o B TP 4R 2l e
7 [l e B e AR AR

St JU AR M FRR SR BT RN B 58 35 | B B2 ) A Jey Y
AW ERE C L R, WTZ IR i T B RE A
B, XfE LATR] B 2 R — AR E TR R HRsh Fiig e i 2 H
PR R, TR — RS A A ol R A A
PRI RIS AR AR AR o A R BT 28 e S A5 L
BT S 55 M S5 R CY, SR S TUAAT AL Y3 - 1) 25 44
A VERIU IR A, 3R 2l ) 2 A G ] B Ry 58 1,
DK T R e it g g 22 R AR SE B AT, S 4R LS MR A 4L
AN B 2 KA RS

FEl AT 28 e e T R L 285 R I, H i LA
1 2 e [ Bty BT AR — 5 0T RE 22 2 w] W Y9 BERP 2 A
ONERA ,DLR 175 & 45 VEWHfI ) Blue Edge 221, BERP %
SR FH AR B R0 28 DAk S5 R AR 22 TLART SN R P
SERHEATOLAL RO T R N RO R W 45 ) 2 ) 2 Rl

FSEHA: 2022-03-30; BIEEHA: 2022-05-10; RFBHA: 2022-06-20

EEME: ERXNEES(61422200403)

DOI.10.19452/j.issn1007-5453.2022.10.002

SEILT MRS PRSI, SRR T IR K BT MK3A
RUE LA AW101 LAY 57, Blue Edge 21217
T M 7AD .ERATO A Blue Edge =~ Bt , i i £ 56 45+ Al
BFSEURAL  fT T T2 5 e R e S Bl ) 2 )
B, HRGE 2 3h T EC155 FTH160 B B THIL |, IE 52 1%
TORATIRUES [ TS S M R R AR AT AL T A
WFFR BB, B A5 R K2 0 [l R U AT s AR 1A A
HEAT T HEEAF 5%, 0 3 XU 0 56 R 50 A 40 % L AT okt 7Y
CLOR J4 1 e 3 A= RN CARTS st TT R 58, o
TIPS M A o HAR, i LI
FEITMRA IR 5T B S5 78 R P I T I 26 B T sk
2 SRR IR, A T S T SR S P g
FR S I Gl 2 By 2 () T RO RIESE TR I R T 2 )
FIAG UL 1) Bl 1 2 [ A T — R

A SCHEETF Hamilton B BT 1T 28 5 0 -8l 12240 Mt
BB, DL — Rl R AL S B, K AR Be e T i 2 A
Blue Edge JEAR YT 28 f5 4ty ™ A8, FF 5 48 T8 J5
BN A e S 2 R R 2 sl R A R S A A A
78 AN [7] DR 220 2 5 AL R O A AL A W 52 553 , O

SIFE#&=0: Song Bin, Cheng Yi, Zhou Yun.Analysis of Influence factors on vibration characteristics of blades with the complex 3D shape[J].
Aeronautical Science & Technology, 2022,33(10):16-23. #, F282, A = . B2~ =BINEXIZRE T sh NG TR J ] RIS

#ZK,2022,33(10):16-23.



R A SEok RSN RSN B PR w2 B F

17

[IENEEE AR R R RS S F S oS B £ 38

1 RMEEEEHFERE
1.1 HBIFRREREN

FHAEET H MU 128 I B de o S35 A5 s A
TR S A R e R U e % i S A g rp o i
JREA f st o AR Bz Sl IR 1R ) A s ROk, I
AL S AR AR « (1) IRBATERL AR R X, Vi Zws T2

PRAN A EAAL R L s S s Kgs (2)BERE AR AR X, Y, Z, FE R
LK ) RM AR AR R cx,y, 2, LRI 1, ks (4) %
M) k B R AR AR R U 350N AR R LIS ) 2oy, 7402,

QR AL, )2, (5) M ARG AR R i, 5, &, UM R L

T, ke BeARAL I S AT 5 — a5 P et i I S B
b U R B B R RS €,,m08 0

2 ZMN Zw

1
1
1
1
1
1
)
1
1
1}
1
1
[}
'
1
1
1
1
1

BTSRRI AR B

Fig. 1 Elastic blade coordinate system
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Table 1 Main parameter of UH-60 rotor
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Table 3 Effect of sweep and droop on frequency
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Analysis of Influence Factors on Vibration Characteristics of Blades with the
Complex 3D Shape

Song Bin, Cheng Yi, Zhou Yun
China Helicopter Research and Development Institute, Jingdezhen 333001, China

Abstract: The advanced layout of complex 3D shape blades with forward and backward sweep and dihedral is an
important direction for the development of helicopter rotor technology in the future, accurately predicting and analyzing
the dynamic characteristics of the blade with forward and backward sweep and dihedral is the basis for the blade
structure design and frequency modulation optimization. Based on Hamilton principle, the complex structural dynamic
model that consists of forward and backward sweep and dihedral is built, the validity of the calculation method is
verified by using the UH—60 wind tunnel test data. The influencing factors of dynamic characteristics such as sweep,
forward and backward sweep, dihedral and rotational speed are analyzed, and the coupling effect and influencing
mechanism of blade structure are revealed. The results suggest that set of backward sweep causes negative coupling
effect between flap and torsion. The torsion frequency decreases with the increase of sweep angle, the set of dihedral
causes positive coupling effect between lag and torsion, the torsion frequency increases with the increase of dihedral
angle. Compared with the pure swept blade, the torsional frequency of the blade with forward and backward sweep
increases with the increase of the forward swept angle, and the negative coupling effect caused by the swept angle is
slowed down, which can lay a technical foundation for the subsequent blade structure optimization and aerodynamic
design.

Key Words: Hamilton principle; structural coupling; forward and backward sweep; inverted dihedral; sweep angle
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