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The relationship between y and crack growth rate is establi
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C combmaﬁon of parameters g and P:

ecial case of double half-elliptical contact region (SDEC)
y SDEC has some quasi-Hertzian propertiss:

! 1. Solve a normal problem in CONTACT to =
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distribution, the normal load is 2/3pymab;
] b. Iterate on parameters R1, R2, R
(Hertzian radius of curvature in the x-
direction) until convergence is obtained
to the desired SDEC region

b yo 0 « if SDEC with parameters a, b, and W is
X the result of the normal contact problem
solution obtained by CONTACT for
penetration &, then the normal load is the
same as for the Hertzian contacl ellipse
a a with the semi-axes a, b obtained for the
same penelration.

mhape number of the SDEC contact patch W = yy/b
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~ Large dimensions
— Heavy loads

~ Very low speeds
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' The Whipple/Carvallo Model (1899)
\p

Three degrees of freedom:
- roll angle ¢

- steer angle B

- forward speed v

Two degrees of freedom lateral dynamics: q=(¢, B)
Linearized Equations of Mation for lateral dynamics:

Mi+uC, g+ [gK, + " K,jqg =

1. B Mespsard, Ji thnmlmWymmALSmmn(Md» nearized dynamics equations for the
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Summary: Preloaded ball-screw is wildly used as accuracy translation device in many industrial
applications. Contacting mechanism of the multi-cycles ball-screw is very important for ball-screw
designer in realizing ball’s contacting and performance motioning in a ball-screw. The aim of the
study is in establishing a detail kinetic and contacting analyses model on the design of two and four
cycles in a double nut ball-screw. Contacting forces, friction and kinetic motion at contact areas
between ball and raceway are discussed with these two models with different operating conditions.
Results shows theoretical model is well conformation with experimental results of surface strain on
nut. Four cycle model has more accuracy than two cyele model, and these two models all can used
in realizing contact and kinetic behaviors on double-nut multi-cvele ball-screw. Effect of preload
decay is revealed in the study for contact forces and transmission torque. Preload decay cannot
affect transmission torgue, but is very important for contact forces of each ball cyele. Proper
applied preload can reduce the difference among contact forces at each ball cvele, and keep high
transmission performance.

1 INTRODUCTION

High speed ball-screw is a central component in the fast fabrication equipment. The definition of
high speed ball-screw is the linear speed over 90 m/min and acceleration reaching 9.8 m/s®. High
positioning accuracy, high axial stiffness, heavy bearing load and low vibration are required at high
speed ball-screw. Balls extract between raceways of screw and nut, the contact behavior is a point
contact at contact area. Kinetic behavior is combined with rolling and sliding motions. Comparing
with ACME screw, friction is thus decreased and positioning accuracy and transmission efficiency
are also increased at these kinds contact and motion situation. Multi cycle design is common seen in
many kinds ball-screws. It’s purpose is in reducing contact force at each contact area and extending
the using life of ball-screw. But friction will also be increased due to the increase of numbers of
contact areas. The study is based on contact analysis, geometry, kinetic motion of balls and friction
analysis. Skidding behavior occurred at ball-screw and ball-nut contact areas is the main reason in
affecting positioning accuracy of ball-screw. The skidding motion is produced by the friction and
elastic deformation occurred at contact areas [1]. The skidding behavior is a non-linear motion and
lubricating condition of contact areas is more often near boundary lubrication condition. High speed
transmission brings high friction and thermal deformation, positioning accuracy is thus being
affected [2]. Preload is applied in the ball-screw in order to avoid backlash for high positioning
accuracy. Axial stiffness is also increased by the applied preload, but the friction is also increased
with the preload [7]. Therefore, the applied value of preload is also a key design problem for the
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