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Normal Contact Mechanics Model of Linear Motion Rolling Guideway Pair

TIAN Hongliang, ZHENG Jinhua, CHEN Tianmin, YU Yuan, ZHANG Yi
(College of Mechanical and Power Engineering, China Three Gorges University, Yichang, Hubei 443002, China)

Abstract: Based on the theory of Hertz point contact forming elliptic contact region, a movable
joint interface’s normal contact mechanics model of linear motion rolling guideway pair is
established considering the external normal total load and preload. The elliptic eccentricity is
revolved using the first and second complete elliptic integrals. An implicit function equation
relating a ball’s oblique low compression force with the external normal total working load is
obtained. Particularly, some analytic expressions about one ball’s normal compression
deformation, one ball’s normal contact rigidity, the carriage’s total compression deformation and
overall normal contact rigidity are deduced. The digital simulation results show that one ball’s
compression deformation increases with the groove curvature radius coefficient; the ball’s normal
contact rigidity increases upwards protrusively with the ball’s compression deformation, but

decreases with the groove curvature radius coefficient; and the carriage’s total compression
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deformation increases with the external normal total working load or groove curvature radius

coefficient, but decreases with the increasing of the preload. the ball’s total number per column

or contact angle. When the external normal total working load is much smaller than the maximum

value, the carriage’s overall normal contact rigidity is constant. When the external normal total

working load is close to the maximum, it has a notable impact on the carriage’s overall normal

contact rigidity, i.e., the latter decreases dramatically with the increase of the former. The

carriage’s overall normal contact rigidity increases with the increase of the preload, the ball’s

total number per column or contact angle, but declines with the external normal total working

load or groove curvature radius coefficient. Constructing the normal contact mechanics model of

joint interface helps analyze the actual contact states between movable contact surfaces of linear

motion rolling guideway pair.

Keywords: numerical control machine; rolling guideway pair; ball; carriage; rail; normal

working load; normal preload
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