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Fig.1 Lumped parameter model of planetary gear set
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Fig.2 Lumped parameter model of helical gear
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Fig.3 Lumped parameter model of spiral bevel gear

WER T 1A i R T G B 2 T Il Bl AR I R 25 R
0,,(0,)=V.q,— e.(0,) (6)
Ao g o SR E HE R W07 82 B ) i VOl R e
HE VT 5 R 1) kA R T Il Y K R R B 432 T 4y
GG S

P4 BREHER 5852 0 0 B

Fig.4 Force analysis of spiral bevel gear
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Fig.5 Finite element model of the shaft
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Fig. 6 Dynamic model of helicopter main gearbox suitable for variable speed process and considering structural flexibility
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Fig.7 Relationship between helicopter rotor torque and
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speed during acceleration process
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and speed during acceleration process

P9 Shy ek 3k 2 v 22 G R e AR T T g B T Y
A2 A L 1, (g =12, 34,56, sp) 43 531l Fe 7 fe 13 4
g AR ORI T B RS R G WG R DA
VEIRT AT, 29 285 WG F 77 X 16 i S L 6 2 4 9 42 16
U2 2 T (L B 25 S0 48 0 A 398 K, R 5 A I 5 K o
ko MSIUBR I AT T, i b e gtk de o A R EL
5 DO 78 A A /0 11 W 1A s, B R T g A

10000
£ [ mm
j‘g 5000F
& 0

0 0.5 1.0 1.5 2.0 25 3.0
B A /s
4000

3000} =

S /Hz

20001

M
1000+ —

—

007000 2000 3000 4000 5000 6000

HINFEE / (r » min™)
B9t b R g h Mg A

Fig.9 Meshing force of inter-speed stage during acceleration

process
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speed during deceleration process
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Fig. 13 Schematic diagram of rotor station distribution

(b) Frequeny domain of dynamic meshing force
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Dynamic characteristics of the multi-stage gearbox considering structur-

al flexibility during the variable speed process

XU Hua-chao, QIN Da-tong, LIU Chang-zhao, YI Yuan-yuan, JIA Han-jie
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, China)

Abstract: In order to meet the analytical requirements of gearbox during variable speed process, a coupling dynamic modeling
method for multi-stage gearbox is proposed based on the lumped parameter/finite element method, which is not only suitable for
analysis of variable speed process, but also considers structural flexibility. To verify the effectiveness of the proposed method, the
coupled dynamic model of helicopter main gearbox is established. The structural flexibility of the shaft and housing is considered in
this model, and the time-varying mesh stiffness and mesh error are expressed as periodic functions of the gear rotation angles. The
dynamic characteristics of multi-stage gearbox during the variable speed process are studied. The effects of constant wind, turbu-
lent wind and gust on the helicopter main gearbox are revealed. The results show that the excitation and dynamic response of the
system vary with the change of speed and torque. The excitation frequency and response fluctuation amplitude increase with the in-
crease of rotational speed, and the excitation influence level and response mean value increase with the increase of torque. Com-
pared with constant wind, the turbulent wind will aggravate the system. The vibration of the helicopter main gearbox is the largest
under the action of gusts. The proposed modeling method is universal and can provide theoretical basis for dynamic design of gear-

box during the variable speed process.
Key words: machinery dynamics; gear; variable speed; main gearbox; helicopter
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