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A Generalized Volumetric Error Modeling Considering Backlash
in Machine Tools

Kyoung-Gee Ahn*, Dong-Woo Cho**

ABSTRACT

In this paper, an extended volumetric error model considering backlash in a three-axis machine tool was proposed
and utilized for calculating the volumetric error of the machine tool at any position in three-dimensional workspace.
Backlashes are interrelated; i.e. the angular backlash affects the straightness errors which then affect the calculated
squareness errors. Therefore, a new concept was introduced to define the backlash of squareness errors to incorporate the
backlash of squareness error into the volumetric error, and the characteristics of the backlash of squareness error were
investigated. The effects of backlash errors were assessed, by experiments, for 21 geometric errors of a machine tool.
The backlash error was shown to be one of the systematic errors of a machine tool. And a generalized volumetric error
model formulator for three-axis machine tools was developed, which allowed us to formulate machine tool synthesis
error models for all possible machine tool configurations only with machine tool topology information. Based on these
volumetric error mode! and model formulator, a computer-aided volumetric error analysis system was developed for a
three-axis machine tool in this paper. Then the volumetric error at an arbitrary position can be obtained, and displayed in
a three-dimensional graphic form.

Key Words : Backlash error (*] 2§ A] 2. %}), Squareness error (27} % .2}), Generalized volumetric error model
formulator (U ¥H3HE YA 2k 29 34 R F), Topology model (9174718817 129)

71849 815:054,0,,,0,,6,6,, = the straightness errors,

where the first subscript represents the error

x,y,z = the nominal positions in x, y and z direction and the second refers to the moving

directions, respectively direction

AV, , AV AV, = the 3 components of  the EperEpnsEnxrExysEyyrEaysEarr €y €, = the  angular

volumetric errors, in X, y and z directions, errors, where the first subscript represents

respectively which axis the rotation error is around, and
8,.,0,,,6,, = the positional errors along the x, y and the second refers to the moving direction

z directions, respectively S.»S:»S5,. = the squareness errors between each
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pair of axes
Z, = the nominal tool dimension in the z direction
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