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Fig. 1 Schematic diagram of gear pair model
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Tab.1 7DCT transmission helical gear pair parameters

e Fahke B4
F%U/mm 2.1 2.1
W% 17 60
JEJI61/(%) 17.5 17.5
BEIES /(°) 29 29
P %8/ mm 16.9 16.9
RAVEX 03721 -0.099 4
AR /mm 93
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Fig. 2 Helical gear pair 8 degree of freedom dynamic model
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Tab.2 Parameters of the dynamic model

ZH NI i PN i

Jit/kg 0.60 1.45

FEF A/ mm 19.20 67.76

FrRREA/mm 20.53 72.47
o 7 ] (Rl 7R SR M & /(N/m) 4.0 x 10°
y I 1 R SR NI & /(N/m) 4.0 x 10°
25 T Bk A SRR L &/ (N/m) 3.0 x 108
a7 1] A Sl AR BELE ¢/ (kg/s) 2.0 x 10*
y 7 RN BELE ¢/ (kefs) 2.0 x 10*
27 T AR BELE ¢/ (kgls) 1.5 x 10*
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Fig.3 Pitting state diagram and simplified model of the tooth surface
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Fig. 4 Pitting slicing model
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Tab.3 Potential energy method stiffness results

S TR BAusih J S
SERIRIEE k/(N/m) 10.16 x 10°  10.06 x 10*  9.78 x 10"
NI 22 (8 Ak/(N/m) — 0.99 x 10’ 0.38 x 10°

s /% — 0.98 5.37
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Fig. 6 Comparison of PEM and FEM results of TVMS
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Fig. 7 Helical gear sub contact fatigue power cycle test rig
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Fig. 8 Dynamic simulation and test results in healthy state
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Fig. 9 Dynamic simulation and test results in slight pitting state
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Fig. 10 Dynamic simulation and test results in severe pitting state
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Dynamic simulation and test research on fatigue pitting failure of helical

gear pairs

PU Xiangrun'

CHEN Yong® LI Guangxin'

LI Anhe' HE Bolin'

(1. Tianjin Key Laboratory of New Vehicle Power Transmission and Safety Technology, Hebei University of Technology,
Tianjin 300130, China)

(2. School of Mechanical Engineering, Guangxi University, Nanning 530004, China)

Abstract: [Objective] Pitting corrosion on tooth surfaces is a primary failure mode in helical gear contact fatigue,

significantly affecting the operational stability of gear systems. This study aims to investigate the influence of pitting severity

on vibration characteristics. [Methods] Firstly, a multi-degree-of-freedom nonlinear dynamic model of a helical gear pair was

established. Secondly, based on the actual pitting morphology and location, the time-varying mesh stiffness under varying

degrees of pitting was analyzed using an improved potential energy method combined with the finite element method. Finally,

this crucial parameter was incorporated into the dynamic model to simulate vibration responses in both time and frequency

domains, ranging from mild to severe pitting conditions. [Results] The simulation results show a great agreement with the test

data in terms of fundamental frequency harmonics, fault characteristic frequencies, and sideband distributions. These findings

provide a foundation and technical basis for the fault diagnosis and health prognosis of helical gear pairs.
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