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Calculation of helicopter vibration in hovering state

YAO Song, RUI Xiaoting, WANG Jinghong

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; To reduce the resonance hazard of helicopters, a fast calculation method for the vibration characteristics
of helicopters when hovering in the air is needed. Under the action of centrifugal force, the natural frequency of the
rotor changes under the influence of the stress stiffening effect, and there are coupling effects of rotor blades/blades
and rotors/fuselage at the same time, which makes the dynamics analysis complicated. On the other hand, in order
to improve the calculation efficiency, the low-order and stylization of the kinetics equation has become an urgent
need. The transfer matrix method for multibody systems (MSTMM) can solve these problems at the same time. In
order to accurately and quickly calculate the natural frequencies of hovering helicopters, a dynamic model of the
coupling between the four flexible rotors and the helicopter fuselage was established based on MSTMM, and the
dynamic topology model, total transfer equation, and characteristic equation of the system were derived. The
transfer matrix of the spatial rotating beam and spinning axis was derived in detail, and the natural frequency of the
hovering helicopter system could be quickly calculated. The research shows that the error between the MSTMM
calculation results and the ANSYS Workbench simulation results of the spatial rotating beam was not more than
2% , and the MSTMM calculation results of the spinning axis were basically consistent with those in literature.
Under the constraints of fixed tail, the first 13 order natural frequencies of the rotor/fuselage coupling system were
calculated at the speed of 36. 651 9 rad/s, which were consistent with the simulation results of ANSYS Workbench.
When the hovering was not restricted, the first eight order natural frequencies of the hovering helicopter system were
calculated, and the calculation speed was increased 7. 1 times compared with the simulation speed. The results
provide a new idea for helicopter dynamics analysis.
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Fig.3 Coordinate system and symbol convention
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rotating beam in flapwise direction
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Tab.1 Comparison of natural frequencies of a cantilever beam

obtained from MSTMM calculation and ANSYS

simulation at three speeds

0 rad/s

Bk B8/ %
MSTMM/Hz ANSYS/Hz
1 0.827 0.832 0.61
2 5.185 5.212 0.52
3 10.344 10.301 0.42
4 14.521 14.597 0.53
5 19.002 18.906 0.51
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Tab.2 Natural frequencies of a cantilever spinning axis with circular cross-section (EI,, = EI, ) Hz
Q° =0 0 =2 Q' =4
" MSTMM kL 16] MSTMM AR 16] MSTMM SCHRL16]
1 3.511 3.516 1.516 1.516 0.484 —
2 3.511 3.516 5.515 5.516 7.516 7.516
3 22.029 22.034 20.034 20.034 18.034 18.034
4 22.029 22.034 24.034 24.034 26.034 26.034
5 61.692 61.697 59.607 59.697 57.67 57.607
6 61.692 61.697 63.697 63.697 65.697 65.697

3.3 BEAEANEINEITE

T B E MSTMM J7 21530 i HE i 1, XoF 141 2
BEIHUE RIS TR T B LA B 280
TR p =334 kg/m’ K E L =6 m, BERTE K
b=0.5m, h=0.04 m, BPERiE E=7.1 MPa, 87
PR G =2.730 8 MPa; 8% 5 p =7 850 kg/m”
KPR ATER 0.5 m, 5 0.3 m; (ZEh A% E p =
7 850 kg/m’, J5F R EHAL0.16 m, , 5 R 1 m, Bk
Wit E =2.5 MPa, 5 {I#iH G =9. 615 4 MPa; {L &
B p =170 kg/m’ , K 3 m, %5 1.8 m, & 1.6 m, i
OS5 HL G ALZh Bl fE X R GE R
0.4 m; R E p =140 ke/m’, # 1A =5 1 98 Ky
0.8 m, K4 m, it E =2 MPa, 3§ UJ#i i G =
7.692 3 MPa. J2 3% A vy R FH B 2 200, e 38 R 48 1)
33k 36. 651 9 rad/s. ANSYS Workbench %Y [
5 5 %k 88 260,16 056 M EATG. T 12 B I3 3.

#x3 FEAMSITMM FEitERERESEAVNEGMES
ANSYS (i EZ Rt

Tab.3  Comparison of natural frequencies of helicopter model
obtained from MSTMM calculation and ANSYS
simulation in rotating state Hz
Bk MSTMM ANSYS

1 6.365 6.368
2 6.368 6.371
3 9.533 9.638
4 10.714 10.726
5 10.798 10.731
6 10.816 10.753
7 16. 158 16.163
8 16.163 16. 169
9 16. 167 16.173
10 20.596 20.789
11 20.598 20.794
12 24.89% —
13 28.997 28.982
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Wk oW, % HAYLEERES TR <111 -

THAESE R 505 A4 R EA 3 3 WM FITHA
ZAF R BBt ] fd ] MATLAB 25 2 (1) 31580 B[]
7 11.5 s, ANSYS Workbench )38} [a] J& 81.2 s.
THAHEESR S T 7.1 4% Hﬂlﬂ:ﬂuﬁﬂi MSTMM J5
BB A H A B AR T BT MUY i) A
B HT 8 AT R L 4.

i 4 'u\1?'{klh\TEﬂ-$n$§ﬂ@ﬁ$ﬁ$

Tab.4 Natural frequencies of helicopter model in hovering state

[V $5i %/ Ha
1 0.780
2 1.082
3 2.534
4 6.187
5 6.365
6 10.437
7 10.816
8 16.079
4 % #®

L) ARSCHES: T e ls e 5 IR IR A% 3 4>
B B E B 5 AR, A5 B HAZ B R B, B pE T S
ANSYS flf EE5 X EE IR 27 1. 5% L B0k T 45
TR
2) ST A ) A% 2 I BB S 2 2 SR
SERXT L IR ZE AN AT 0. 15% , B0 F T e 1.
3) MSTMM W] LR 5 off i i 582 2y g 2% (] .
It HAR T 1% 5 80 71 % %K/ Workbench ANSYS, 4%
FARIT , TR R R R4 6, A SO 5 e ) 4
TR E.
4) X EFHLIER/ LB G REWUETTE, 5
D5 BLA5 R FA B, A58 TR T AT 8 By
A A5 L A — S M.
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