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Vibration Response Prediction Based on Helicopter Coupling Analysis

FENG Zhi-zhuang, DAI Zhi-xiong, LIU Chen

(Science and Technology on Rotorcraft Aeromechanics Laboratory, China Helicopter Research and
Development Institute, Jingdezhen 333001, China)

ABSTRACT: The paper aims to predict the vibration response of helicopter. The moderate deflection beam theory was adopted
to establish the finite element model of rotor blade. The quasi-steady aerodynamic model and Pitt dynamic inflow theory were
used to simulate the aerodynamic force on the rotor wing. Combining the rotor structure and aerodynamic model, the dynamic
analysis model of rotor wing was formed, and the correctness of the model was verified by the rotor wing dynamic tests. The
helicopter fuselage dynamic model was established based on Patran. According to the results of rotor wing dynamic analysis, the
model information of the fuselage was screened and extracted. Coupled rotor dynamics and fuselage dynamics formed the cou-
pling dynamic analysis model of helicopter, which was resolved by time finite element method. The model is used to predict the
vibration response of helicopter fuselage and to compare with experimental results. The results show that the vibration response
calculated by this method is the same as the test.
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Fig.1 Finite element model of rotor wing structure
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Tab.1 Key inspection points of airframe

No. Description No. Description

Right passenger front ) Right passenger rear
floor floor

3 Left passenger rear floor | 4 Left passenger front floor
5 Main reducing gear

7 Right pilot's seat

6 Engine
8 Right pilot's pedal

Right support of main

9 Panel 10
reducer
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Tab.2 Natural frequency calculation results of airframe (unit: rev )

No. Calculate Test Mode type No. Calculate Test Mode type
1 1.2 1.12 Lateral first order 2 1.5 1.22 Vertical first order
3 24 2.40 Lateral second order 4 2.6 2.54 Vertical second order
5 4.0 4.02 Lateral main reducer 6 4.1 4.07 Vertical main reducer
7 5.4 5.20 Lateral third order 8 5.8 5.74 Vertical third order

W F R AT DL IR, MUREL S T A S 2
P R R R SR A IR 4 SR A — 3k, UEEA A FR Ty
FLT A5 SRR A AU N B THHLALAR B S 2544 Bl )
FREE

TE_FIRPUARZE A SRR BT i LR, B SS
4 By 1 45 S v 3 U A R B P AR S ) S B
BT BISFE . BSMR, DL X R ik S
F BRSNS . T ST R A BT AR AR Sk H
2 5 T 38 2 B R T A ML o 10 5 SR 2o BRTE B A
W 2NQ Y NG B, PRI 2R Al
BIRAERE &, BIASBHBEM C. BRI EER K.
RIS M. R ERESE 52 THUAR
M L7 PRI AR x 2R

M5 +Ci+ Kx = F, 3)

[IAE, K x 5 S HESE ) 72 3 A A X R A D
B, MR ERIR N

X =X + X1, SIN¥ + X7, COS ¥ + x,, SIn 2% +
Xy, €08 2%¥ + x5, SIn 3% + x3,. cos3Y¥ +--- 4)

Fy BO5F 1 BB IO Fyy, 51 A28 B2 A 1 1
PRI x; M :

M5, + Cx; + Kx, = Fyy; ®)

HREIT Gl s

Fyi = fig sinG¥) + f;. cos(i¥) ;

X; = X; SIn(i¥) + x;. cos(i¥) ;
X, =X, -1-coS(i¥) — x;, -1-SIn(i¥) ;
X, = —? [x;, sin(i¥) + x;, cos(i¥)]
1.3 &R R K EALRNE
RS U IR LNl 4 VAL SN AW R 357 5
e i Brig i Eiash i i .
Jis SIN@¥) + f;. cos(i¥) =—
M i [x;, sin(i¥) + x;, cos(i¥ )]+
C -i[x;, cos(i¥) — x;,, sin(i¥ )]+
K -[x, sin(i¥) + x;, cos(i¥)] (6)
F i I o3t i AN 0 RN
fis SiN@¥) =—M -i* - x,; sin(i¥) —
C-i-x;.sin(i¥)+ K - x;; sin(i¥)
fio cOS(i¥)=—M -i* - x;, cos(i¥’) +
C i x;;cos(i¥)+ K - x;,. cos(i¥) @)
A (7) oL, ARSI IER SR 5%
Or iR AR BORSE, WA
fis =—M-i? X —Cri-x; + K- x;
fie=—M-i* X, +Ci-x + KX (8)
TS § BB PR SRR x B A F e 17
BER KB -



- 10 - KENKRE TR 2020 4F 9 H
{K—izM iC ]{x } { f } SIHTAEA
“=|" )
-7 _2 xl's i o CRY
iC K—-i“M /i 2 ﬁﬁﬁﬂ]ﬁﬁ'ﬁ

H1 I R SR A LA B B B2 A ma R4 2R, DA L% i
W SR W SR | AN GE R o MR BT S A
SR, RIVATSR R X680 54 P 5] 55 s ATLAAS 2% A5 By o 7 L2 % 3
BRE AT AR N o AR S BAL Y SR S, AT AU
B S AR R E I R BB A T Fa,
BB ARSI 25 A, IR — A, AU
L L PRSI, BRIV RT A e 3 /A BROTAIL A o 1

SO AR RS T 0], R BT IR TR S
B2 o o T8I eI B g 2 oA T LAAS F L 2t
BUEFGHE ez Paffetat g R, Wk 3.

MR AR AT, RSO R AR 2 Y
SR ARG R SR (AU A B, AN B RE
WRENT 5% KIFEISHBSITHRSS R IIRE (0
=) e 2 fis .

®3 MEGERBEAMEAEER

Tab.3 Natural frequency calculation results of rotor ring rated speed rev.
Flap frequency ratio Lag frequency ratio Torsion frequency ratio
Mode type
Calculate Test Calculate Test Calculate Test
First order 1.040 1.036 0.272 0.233 6.160 6.351
Second order 2.632 2.651 5.111 5.047 — —
Third order 4.522 4.690 — — — —
:(2) == First order ?&E"J%%&ﬁﬁﬁﬁo ﬁ%”ﬂ“ﬁTEﬂmEﬁﬁiﬁtbﬂ?
B = S d ord — RN NED ME7 N >
08F —o Thind order 0.22, 0.275. 0.302 —=Ffi WIRA T &M, I
g 06f A DAz AU G R ANE . iTiE R 0.302 ISR AR 4%
2o TR 25 5 DR A R 1) ) 8 S o e e 2
E'W MESC T, X HLASIR Sl B /N, R RS HY )
mz—x\g = W% 4,
—04r X o5 xT ; s
—0.6 L | L L L i% 4 égu+ﬁﬁﬂﬁﬁl+§g§%
0 02 04 0/2 0.8 1.0 1.2 Tab.4 Load results of blade root
’
a BRI . F, F. M, M, M,
12 Harmonic - Y
Lol == First order load Lag Flap  Torsion  Flap Lag
0.8 | === Second order force force moment moment moment
3 0: 1Q 0.0765 0.2056 0.0134 0.0081 0.0050
% 0. 20 0.0125 0.1334 0.0053 0.0047 0.0015
5 0. 30 0.0076  0.0178 0.0074 0.0066 0.0004
—o2l % X 40 0.0055 0.0034 0.0030 0.0012 0.0002
-0.4} X » ‘x,x 50 0.0051 0.0040 0.0025 0.0013 0.0003
*
_0.6 1 1 1 1 1
0 02 04 06 08 10 12 6Q 0.0075 0.0034 0.0003 0.0005 0.0001
r/R 7Q 0.0008 0.0019 0.0004 0.0006 0.0001
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Fig.2 The first six modes of blade: a) swing mode;
b) shimmy mode; c) torsional mode
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Tab.5 Load results of middle blade

Load type 1Q 2Q 3Q 4Q 5Q 6Q
Test 0.0067 0.0044 0.0028 0.0001 0.0003 0.0002

® Calculate 0.0094 0.0111 0.0020 0.0005 0.0007 0.0001
Test 0.0070 0.0027 0.0019 0.0011 0.0055 0.0019

e Calculate 0.0227 0.0076 0.0024 0.0021 0.0030 0.0001
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