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Fig.1 3D model of a helicopter tail drive system
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Tablel Main parameters of each gear in the tail drive system

Input of
Middle reducer Tail reducer
system
Modulus 9 8 6
Number of teeth 34 32 40 23 64
Angle of shafts(°) 90 90 90
Tooth width(mm) 110 40 50
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Fig.2  Dynamic model of spiral bevel gear pair
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Fig.3 Idealized model of intersecting shaft rotor system
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Table 2 Comparison between the method and the results of

natural frequency analysis in existing literatures

Result in this Result in[8]

paper (rad/s) (rad/s) Error(%)
1 order 0 0 0
Porder 108 109 0.92
3% order 319 316 0.94
4" order 2723 2285 17.49
5" order 4776 4514 5.64
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Fig.4 Equivalent torsional vibration model of tail drive system
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Table 3

Important nodes of idealized model of tail drive system

Node
2/7/12

Node  Node 1 Node 17

Node 18

Node 23 Node 24 Node 29

Location Input gear Bearings Input gear of middle reducer Ouput gear of middle reducer Input gear of tail reducer Ouput gear of tail reducer Tail rotor
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Table 4 Comparison of critical speed of first 5 orders torsional vibration

1" order (r/min) 2" order (r/min)

3" order (r/min) 4" order (r/min) 5" order (r/min)

TRS 7627 120881 253766 104352 776594
0S 41369 139513 263865 405581 736241
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The transmission system 774 1721 6898 7947 31251
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Fig. 7 The resonant peaks of the representative nodes with different middle meshing stiffness
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Fig. 8 The resonance peaks of the representative nodes with different tail meshing stiffness
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IDEALIZED MODELING AND TORSIONAL VIBRATION
ANALYSIS OF INTERSECTING SHAFT ROTOR SYSTEM *

Chen Liman' Yang Dalian'"  Jiang Lingli®  Li Xuejun®
(1.Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment , Hunan University of Science and
Technology, Xiangtan 411201, China)
(2.School of Mechanical & Electrical Engineering, Foshan University, Foshan 528225, China)

Abstract Intersecting shaft gear-rotor system is composed of multiple shafts with different speeds and axes, and its dy-
namic modeling is different from a coaxial rotor system. In this paper, the idealized modeling method was used to trans-
fer the intersecting shaft gear-rotor system into the coaxial rotor system. The helicopter tail driven system, a typical inter-
secting shaft gear-rotor system, was taken as the study object. The rotor dynamic model was established by the idealized
modeling method based on the finite element softworne DyRoBeS. The natural frequencies and torsional vibration modes
were obtained. The influences of both the moment of inertia and mesh stiffness of the coupling gear on natural frequen-
cies were studied. The results showed that the 1" and 2" natural frequencies are coupling natural frequencies, while the
other ones of the first 10 natural frequencies are derived from the natural frequency of each component shaft. There is a
mapping relationship between the resonance peaks and the meshing stiffness of the middle and tail reducers, and some
meshing stiffness would induce resonance, which should be avoided. The meshing stiffness also has impacts on the criti-
cal speeds, especially the 1" and 2™ ones. The sensitivity of different critical speeds to the moment of inertia of each cou-
pling gear is also different. The results revealed in this paper provide a theoretical guideline for the optimal design on

such a kind of rotor system.

Key words rotor system, natural frequency, geared connection, idealized modeling, torsional vibration re-

spons
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