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ABSTRACT: Aiming at the serious engineering problem on fretting wear of aviation spline, the influences of various factors on
the stress and fretting wear of spline pair and the differences of intertooth space were studied. A fretting model of involute spline
pair based on the fretting wear mechanism was established and it was verified by comparing the engineering test data. Through
different loading methods, the influences of different loads on the spline pair of the helicopter reducer were studied and

analyzed, and the influences of the fretting amplitude, dynamic load factor and the axial misalignment on the stress distribution
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and fretting wear of the spline transmission were analyzed comparatively. In the simulation results, the effect mean square value

of the speed load was much larger than that of the torque load. The fretting amplitude was between 20 pm and 80 um, the

dynamic load factor was between 1.0 and 1.5, and the axial misalignment was between —0.05 mm and 0.05 mm. The contact

stress and fretting wear increased as various factors increased. The contact stress and fretting wear near the spline teeth root in

the meshing area were the largest. Axial misalignment in different directions had different effects on the intertooth space,

especially the spline with 6~9 and 15~18 teeth. The research results show that in spline transmission, the influence of the

transmission speed on stress is greater compared with the transmission torque; the stress concentration and fretting wear near the

spline teeth root in the meshing area are more serious; the fretting amplitude, dynamic load factor, the axial misalignment are

positively related to the fretting wear and the axial alignment of the spline pair can decrease the influence of axial misalignment;

there are differences in stress and fretting wear among different meshing areas and intertooth space.

KEY WORDS: finite element method (FEM); involute spline pair; fretting friction; fretting wear; contact stress
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Tab.1 Basic parameters and material properties of
involute spline pair

Parameters Value
Teeth z 18
Large-end module/mm 2.5
Pressure angle/(°) 30
Elastic module/GPa 206
Poisson's ratio u 0.3
Load speed/(r-min") 220
Load torque/(N-m) 500
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Fig.1 Loading on fretting finite element model: a) torque
loading; b) contact stress changes with time
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Fig.2 Equivalent stress distribution: a) spline pair; b) tooth surface
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Fig.3 Verification of fretting wear: a) crest area; b) meshing area; c) root area

B 7 ), FE AR R S A B AR A Y i B
o b O (5 TR S RS A L A TR A 3 R
A A0 i A i 1] 8y i ) it ( 1AL 8RR MU 1) S0 41 Bl
M) G s B 0 e R K, 5 B A R g 1 A R B —
o HRAL TS ™, WA XS TRA B
AR RE B2 . B TS Brn v, AR5 R A% 25 T B 50 T
A — AN AW B S /R, FEEE I TR R i)
BRI | SAVEASIE DA R 28R 22 N R, S BULAE
RS TR AE LA S 4005 B 182 4 ok 22 0055 7 1D A7
fE2E5e, JEW S B ER E2EE . Wk 2 FR,
BUE b, R XS IR 2 E R, B iREES
2 fb O 3 00 RN B IE A OG5 S HR 25 1 de RAE N
11.63%, 3 DEBOLITI SN 2 25 S Y Ab 7F 7] 5 IX (7]
W, B0 T A IR R i sl A BROTE R i A B, H
AT T A i R B s A ) A A 5

®2 BEREX

Tab.2 Comparison of fretting wear
%

Wear area Average error Maximum error
Addendum area 7.21 10.17
Meshing area 8.35 17.18
Dedendum area 11.63 22.56
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Tab.3 Regression model of equivalent stress-load

Load Logarithmic regression model
Speed O, =—4677.73+1090.678Inn
Torque O =2 205.677-217.875InT
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Fig.5 Stress of each external spline tooth: a) equivalent stress
of each key tooth; b) shear stress of each key tooth
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