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Tab.1 Gear parameters in the planetary gear train

H A Yk WAL/ mm e A /() FEF1 /() % % /mm EAVEY
PN 32 24 20 530 0.8591
TR 29 24 20 530 0.8360
AT I 93 24 20 530 0.7973
R2 HRZERE
Tab.2 Bearing supporting stiffness
H A k. /(Nem ") k,/(Nem ™) k./(Nem ™ ') kyo/(Nemerad ') £,,/(Nemerad ') 4,./(Nemerad )
K% 5% 10 5% 10° 5% 10° 2X10° 2Xx10° —
TR 2.2X10° 2.2 10 2.4 10 2.5 10 2.5X 10" —
TTRECE) 9.7 10° 9.7X 10" 2.8 10 6.1 10 6.1x 10" —
1R 110" 1X 10" 2.59% 10° 3.4X10° 3.4X10° —
P 1A 110 1X10° 1X10° 1 10° 1X10° 1X10°
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Fig.7 Time-varying meshing stiffness and meshing error
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Study on dynamics characteristics of planetary gear train
in wind turbine gearboxes considering flexible structures

TAN Jian-jun', L1 Hao', RAN Feng', ZHU Cai-chao', SONG Chao-sheng', LI Zu-feng’
(1.State Key Laboratory of Mechanical Transmission, Chongging University, Chongqing 400044, China;
2.National Research Base of Intelligent Manufacturing Service, Chongqing Technology and Business University,
Chongqing 400067, China)

Abstract: The conventional beam/shell elements cannot consider complex geometric features of components, leading to low calcu-
lation accuracy. Besides, the finite element calculation has a large amount of computation and its system-scaled modeling and dy-
namic analysis are difficult. For the abovementioned problems, a variable speed modeling method for the planetary gear train is pro-
posed. Taking the planetary gear train in the low-speed stage of a 5SMW wind turbine gearbox as the research object, the coupling
relationship between the ring gear and its elastic support is established by using finite element condensation theory based on the ring
gear structure and its boundary characteristics. The rotation angle of the driving gear is associated with the meshing states of gear
teeth in the planetary gear train by introducing the characteristic variables for describing the variable speed process of meshing gear
pairs and virtual vibration line displacement of ring gear. Considering the flexibilities of the carrier and sun gear shaft, a dynamic
model of the planetary gear train that is suitable for describing the variable speed process is established by coupling each component
with the compatibility of interface displacements. The results show that when the loaded five planet gears reach equilibrium, the
transient deformations of all ring gear tooth nodes are presented as the shape of a pentagram and rotate with the carrier. The dynam-
ic tooth load of the planetary gears increases first and then decreases, which is similar to the meshing stiffness of a single tooth pair.
Under steady condition, the vibration displacement of ring gear tooth node shows the superposition characteristics of large low-fre-
quency fluctuation and high-frequency vibration. When the input torque is suddenly changed, the dynamic load balance between
multiple planets will be destroyed, and the flexible ring gear can absorb part of the component’s vibration caused by impact load to

a certain extent, and improve the load sharing performance.
Key words: machinery dynamics; wind turbine gearbox;planetary gear train;structure flexibility ; ring gear
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