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ABSTRACT: The work aims to improve lubrication performance of gear rack mechanism and reduce wear during transmission
process of gear rack by calculating pressure and film thickness during transmission process. Load map of gear rack transmission
process was simplified, a simplified actual load curve was used, and a calculation model of elastohydrodynamic lubrication was
built for gear-rack meshing process, so as to study transient elastohydrodynamic lubrication during gear-rack meshing process.

Different load between single and double teeth during meshing process was considered to calculate central pressure, central film
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thickness, maximum pressure and minimum film thickness along meshing line in a meshing cycle, pressure and film thickness at

the engaging-in point, node, engaging-out point, transient pressure and film thickness when double teeth meshing zone con-

verted to a single tooth meshing zone, and single tooth meshing zone converted to a double teeth meshing zone. Multi-grid me-

thod was applied to calculate the pressure, multi-grid integration method was applied to calculate elastic deformation, complete

numerical solutions were obtained for the transient elastohydrodynamic lubrication of gear-rack transmission mechanism. Sud-

den increase in central pressure was caused by sudden increase in the load, the maximum values of the central film thickness

were present at the critical point between the double teeth meshing zone and the single tooth meshing. The minimum film

thickness and maximum pressure fluctuated on the meshing line; transient film thickness was the thinnest and lubrication condi-

tion was poor during engaging-in. The pressure and film thickness along the meshing line change constantly; sudden change in

pressure caused by that in load by improving strength of gear teeth to prevent occurrence of surface fatigue damage. Throughout

the meshing process, the engaging-in point is a dangerous point.

KEY WORDS: gear rack; transient; EHL; pressure; film thickness; single and double teeth meshing
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Fig.1 Meshing principle of gear rack transmission
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Fig.3 The dimensional loading along the meshing line
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Tab.1 Parameters relevant with lubrication

Parameters Value Parameters Value

Oil viscosity 7, /(Pa-s) ~ 0.075 |[Poissonratio v, 0.3

Viscosity-pressure Number of gear

40
teeth z;

-8
coefficient & /Pa” 2.19x10

Viscosity-temperature
coefficient B /K"

Oil environmental

0.042 Module m/mm 2.5

Rotate velocity of
870

density p, /(kg-m™) Ipinion 7,/(r ‘min”")

Specific heat .
R 2000 |[Tooth width B/mm 20
c/(Jkg - K™)
Heat conduction coef- Gear pressure
. R 0.14 . 20
ficient &/(W-m-K™) angle ¢/ (°)

Gears density Transmitted power

7850 20
p1o/(kgm™) P/kW
_ Addendum coeffi- 1
Gears specific heat cient &'
e /(T kg K™ 470 Teeth gap coeffi- 025
cient ¢ :
Gears heat conduction Environmental

coefficient 46 313
/(W™K temperature 7/K

Young modulus
Eo/p,
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Fig.4 Center pressure along the meshing line
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Fig.5 Center film thickness along the meshing line
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