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Critical Speed Analysis of Helicopter Tail Drive Shaft Based
on Distributed Mass Shaft Model

Ni De, Li Kefeng , Liu Jianwu
(AECC Hunan Aviation Powerplant Research Institute, Zhuzhou, 412002, China)

Abstract: The transfer matrix of the distributed mass shaft model for the helicopter oblique drive tail
shaft is derived. The bending moment, lateral displacement, shear distortion, moment of inertia, gyro-
scopic moment and axial force are all considered in the model. The transfer matrix of the diaphragm
coupling and elastic support are established. The calculation method of the critical speed of the tail drive
shaft is presented. In order to test the validity and precision of the presented method, the results of hor-
izontal shaft with three supports are compared with those of the finite element method. The maximum
error of the presented method with respect to the finite element method is 4. 1%, which indicates that
the presented method is high in calculation accuracy and quick in calculation speed. Consequently the
presented method is very suitable for the designers to analysis the influence factors of critical speeds of
tail drive shaft system.
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Fig.1 Reference coordinated system of tail drive shaft
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Tab.2 Calculation parameters of horizontal drive shaft system
SRAR 8 SRAR {H SR AR fH
SOK 1 &FEJWJJET k/ 1% 108 SR en " s/ 0 %‘éﬁﬁﬂ;&‘)ﬁ o/ 4 440
(Nem™ ") (Nesem ") (kg e m ®)
3€7§12{7;<an[*]le§ kys/ 41X 10° etz d./ 110. 8 ?ﬁéﬁi%‘ﬁfi% E/ 109
(Nem ") mm GPa
§Z7¥<31éf'ﬂ[>ﬂjJ&*F ks / 1%10° e sr1z D,/ 114, 4 ‘Iféﬁ%‘f)ﬂ‘%% G/ "
(Nem ") mm GPa
SOk 1 ﬁluJ[X]'JI;‘f ks / 1% 10° %zjﬁﬂ]?l‘}f*ﬂrﬁ;fﬁ o/ 2 800 VS A H v 0. 34
(Neme=+rad ") (kg *m *)
SO 2 f M EE kg / 0 % S PR i E/ 68 IO Al 45 S5 R0 8 m/ 0. 49
(Nem-e+rad ") GPa kg ’
K3 ) [X]'JI;‘f ks / 1% 10° %@%%@Jﬁ% G/ 26 E?é#ﬁl%##&i?ﬁ]ifﬁ% I,/ 0. 002
(Nemerad ) GPa (kg + m*)
Bl A AL £,/ 1.12X10° 1 B EHS LE v 0.31 | ‘HHEREEFSL L,
(Nemerad ") (kg * m*)
16¢ fh 2 A2 10) W 2 &,/ 1%10° e 4/ 58
(Nem ") mm
F3 KEEFHRERFAEENHESR
Tab.3 Calculation results of critical speed of horizontal drive shaft system
. L/ ls/ % —Fr/(r+ min~!) %K/ (r e min~ 1) 5 =Fr/(r+ min ")
mm  mm AR AWITIE RE/ N AIONE ARG RE/ % Ak AWITE RE/X
1 2700 3630 1500 1510 0. 66 2 631 2 744 4.1 5 809 5 766 —0.75
2 2900 3430 1682 1694 0.71 2 282 2377 4.0 6 491 6 387 —1.63
3 2800 3530 1590 1598 0.50 2 450 2 551 4.0 6 137 6 069 —1.12
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