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Geometric Errors Estimation of a Rotary Table using Double Ball-bar
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In this paper, double ball-bar is used to estimate the geometric errors of a rotary table, which
includes one-axial motion, two-radial motions and two-tilt motions, except the angular positioning
error. To simplify the measurement procedures, three measurement steps have been designed
and developed. At each measurement step, one end of the double ball-bar is fixed at the nose of
spindle and the other end is located on the rotary table. And specific circular test path is planned
to keep the distance between two balls as constant at ideal case. The relationship including the
geometric errors of a rotary table and the measured distance between two balls which is distorted
by the geometric errors is defined by using ball-bar equation. Each geometric error is modeled as
4" order polynomial considering C'-continuity. Finally the coefficients of polynomial are calculated
by least-square method. Simulation is done to check the validation of the suggested method
considering set-up errors and measurement noise. Suggested method is applied to estimate
geometric errors of a rotary table of a 5-axis machine tool.
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a, b, ¢ = rotational angle of rotary table A, B, C, (rad)

R = nominal radius at ball-bar measurement, (mm)

AR, = radial error at i-th measurement, i=1, 2, 3, (mm)

i, &; = positional and angular error in i-direction of j-
axis, i=x, y, z, j=a, b, ¢, (mm, rad)

dijk, €iic = k-th coefficient of positional and angular error

in i-direction of j-axis, i=x, y, z, j=a, b, ¢, k=1, 2

L = length of fixture at 2 ball-bar measurement, (mm)

EM; = 4x4 error matrix of i-axis, i=a, b, ¢

AM; = 4x4 rotation matrix of i-axis, i=a, b, ¢

T;= actual pose of i-axis distorted by geometric errors,

i=a, b, ¢

TB; = position of the ball-center fixed at the nose of
spindle at i-th measurement, i=1, 2, 3

WB; = position of the ball-center located on the rotary
table at and i-th measurement, i=1, 2, 3

(tx> tyis tzi)T, (Wyi> Wyi, w,;)" = set-up error of TB; and WB;
at i-th measurement, i=1, 2, 3

A, = covariance matrix at i-th measurement, i=1, 2, 3

x; = coefficient vector at i-th measurement, i=1, 2,.3

b; = radial error vector at i-th measurement, i=1, 2, 3
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Fig. 1 Geometric errors of a rotary table
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Fig. 2 Ball-bar set-up for 1* measurement
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Fig. 3 Ball-bar set-up for 2** measurement
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Fig. § Calculated ball-bar data for simulation
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