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Modeling and characteristics of bending vibration

for helicopter tail drive shaft during maneuver flight
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Abstract .

A description method for spatial motions of helicopter maneuver flight and helicopter tail drive shaft was

proposed and the corresponding coordinate systems were established. A lateral bending vibration model of the helicopter

oblique tail drive shaft during maneuvering flight was established by using the extended Hamilton’s principle, and the

partial differential equations were converted into the ordinary differential ones by using Galerkin method. A horizontal shaft

could be regarded as a special case of an oblique tail shaft, and the dynamic equations of the oblique tail drive shaft could

be converted into those of a horizontal drive shaft by using a coordinate transformation matrix. The effects of spatial

maneuver flight on the vibration characteristics of the tail drive shaft were discussed with the combination of mathematical

model and numerical simulation. The study results revealed that the spatial maneuver flight of a helicopter can produce

additional stiffness effect, damping effect and external excitation force effect on the bending vibration of the helicopter tail

drive shoft, they may change the center position and the size of the motion orbit of the tail drive shaft.

Key words: maneuver flight; helicopter; tail drive; shaft; bending vibration; modeling; stiffness; damping

M T ETHILHE FAAR ST R == R P8 ATz g,
BT S TARE— D ARBUE R T, Hesh Jr 4
PSR bR R T B sl AR XK. KLY
PLBI AT 2 AR T AR G0 AT FI B I8y , 52 M i 1 14
IER AR HIHHUR A% s 3R 0 B LK 1
Tl , 5t i R e AL 2 3 11, H AR H A
EIHHLEITERE . ETHHLALEN AT 51 AR fr , 5
B AL SRR NI, A b Z AL AT

HEWH: EE A RPIEIE (51375226) 5 /5 M T A2 R 5 L 00k
BFHE 4 V8 B A (2013218110017 ) 5 V13545 5 Be Do 34 b i 17
YR Bl s VLR 4G 3 3 B 5 AR BTG T 1 K W Bh 5 B (CXZZ11 _
0199) ; o e A I ARl 55 9% 5 30005 4 WX )

Wk B 2013 -07 - 16 EECRIIKE] H 11 :2013 - 09 -27

B—EH B 18 B 4 1986 4k

T ETHLRAL Skl 8h 1SR

ARETEZED UY1K KT B T A
TR AS NG 2 R RGN B 2 e AR
A" R T KT SR AR e A A AL Bh AT 4%
3 SR e IR SRR RS2 . S At AT S5
THLEN AT 5 T B I BRI 25 1) Jeffeott 571
PREEE . BSOS BFSE T RBLUKE 8 T Ak T —
T P ) D AR A () SRR 0 B ) R 2 e
o BBTHES MARBES % R P R S 938 S 7
R R M % 725 R AR S g B8 ) 6 5 ) 2%
PF T 2038 320 i P s . LK AR a0 gl sy
T RHUEAT R ZS LS CAT I & s L2 e Kb AT
BALEAMN T AT 2 5 2 & M2 R 2 Ak



216 w3

i 2014 455 33 3%

MR T RGN 2 G — R, THE T LI
2 [AIPLEN AT A BhBLES T R G sl J R bEny g . 5k
SR S (RN E e YN IR (O S Tl B
R BHLEIR BRI LS AT SRR R SR TR S
FEVER— I HEEAT T IR UE R Ak A
FE T BB TAEMT b hnE FUKF RS AT R
(2l F =

FLIHHURAL B R A A0 i 20 i, BAT o
SEor AR R o DA EWIESE A AT B U T AR
G, R A v i BB, T LAAS 3 6 T e A% 3l il ) 4
Foo VRIREE R T AR R X TR AL Sl 5
Wi, (EASL % B 1 7K P A 7 o i A B R AR 3C
(1 2 B AR RS BT ML S [RIHL S AT IR R AL gl g
B 1R, ST LSl AT X AL S s, S BT
gl R (5 5 TR S iR IS %

1 #Eh T TREHMIE NETE

1.1 AFRAZ IR

B ETHILOLIA 5 15— A WA, 722 18 A 754> A
JEE, R LA FH MR o 07 240 3 T 3k, RIDHs ELTHBILIN iz
o R BE AR P23 5 58 1 B ELO BB gl SR A A
BB CAT I Y 25 B2 25, A a1 o e Bt
BROPBTER , O L 2S 18] P i) — & A, i i i ar
[ 2 AR R Ogx0y020 , FHTHlE EIHHLAGF- B4, 3=
FONETHLE AT E BRI RAT g RE . LA B THLAY
O O U LT GE AR B TTHLAL AR B A X A AR R
Oy wze, TR ETHLIOFe S 1E . o, Oz, Bl
HLE X FRAh 45 105 BT AT T A R, TR, H
FILIR 2 )57 25 AT py [ 72 AR AR 3R O %0502, BP0

E[XO,YO’ _ZOJT%H*HX‘TQQ*/—T:/% ORnyRZRJ:H/‘J%ijJﬁ
%[em agﬂz, _HzRJT%%:"@O /ﬂ\:qj agg ORxR?FEIEHEH OR}’R?FEE

(5% 355 I D AR 32 3 75 18 AR R, 58 Oz
i 5% 3h 5 BT LI B IE B 7 T A

Xy

X,

Bl iR B TR R ALl s [z 3l i Al b R ¢

Fig. 1 Coordinate system of helicopter space motion
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Fig.2 Coordinate system and instantaneous

position of oblique tail drive shaft
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Fig. 3 Motion trajectory of shaft while roll maneuver
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Tab. 1 Calculation parameters of tail drive shaft

SRR {E/ A SR PR {E/ B (8]
p 2710/ (kg - m™) r 1/none
E 7 x10'/Pa € 5x107"/m
D 0.9/m g 9.8/(m-s7?)
d 0.84/m w, 321/(rad - s7")
! 2/m ® 0.6/rad (9]
z 1/2/m A 80/(m-s™")
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