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The squareness measurement of driving axes of a machine tool is very important to evaluate the
performance of the machine. Laser interferometer measurement system is one of the most
reliable equipment to measure the squareness. However, squareness measurement using laser
system with an optical square result in restriction of straightness optics setup and Abbe’s offset.
This offset combines with angular errors during the motion of an axis to cause Abbe’s error. In
addition, the difficulty in optical square setup causes restriction of other optics and limitation of
measurable range. In this paper, mathematical approaches are presented to eliminate the Abbe’s
error and to estimate squareness for full range by using the best fit of straightness data measured
without an optical square. Experiments for squareness measurement of 3 axis machine tool were
conducted and the proposed techniques were used for squareness evaluation with elimination of
Abbe’s error and squareness estimation for the full travel range.

Key Words: Squareness Measurement (21Zt= £7), Laser Interferometer (210|X ZHIA)), Abbe’'s Error (OH| 22X}y,
Representative Line (CHE %/ 41), Best Fit (2|1 & 2&), Optical Square (& A3 01)

71849 e; = Abbe’s error in i-direction of j-axis, i = x,.z,
J = xy,z (um)

x; = position of X axis, i =1,2,...,n s;, 8;' = squareness of the i-j plane for measurable and

;= measured angular error in i-direction of j-axis, i = x,y,z, full travel range respectively (um/m)

Jj =x,y,z (mrad) o, = inclination of representative line of measurement

r; = data of straightness measurement in i-direction of j- data from X, Y axis respectively (um/m)

axis, i = x,),z, j = x,0,z (um) Aa, AB = setup alignment difference between measure-

m;; = Abbe’s error-eliminated data from 7y in i-direction ment systems (with & without optical square) at x, y axis

of j-axis, i = x,y.z, j = x,,z (um) respectively (um/m)

0; = straightness error estimated from representative o', B’ = inclination of straightness error representative line

line of measurement data in i-direction of j-axis, i = x,),z, (best fit curve) from x, y axis respectively (um/m)

Jj =xy,z (um) v, ¥’ = angle between representative lines (measurement

a; = Abbe’s offset in i-direction of j-axis, i = x,y,z, data) of X & Y axis for measurable and full travel range

Jj =x,y,z (mm) respectively (um/m)
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Table 1 Specification for squareness measurement

Manufacturer Renishaw XL-80

Range +3/M mm/m

Accuracy +0.5% +2.5 £0.8M um/m
Resolution 0.01 um/m

M = measurement distance in metres of the longest axis
% = percentage of displayed value

Table 2 Abbe’s offset

ay(mm) ay(mm) a(mm)
X-axis -530 60 -35
y-axis 0 -305 -32
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Fig. 10 Angular error measurements of X and Y axes
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Table 3 Results of squareness analysis

case M S
(a) x:0~200, y:0~200 4.08
(b) x:0~200, y:0~200 39.21
() x:0~450, y:0~250 18.41

(a) Before elimination of Abbe’s error
(b) After elimination of Abbe’s error
(c) Analysis for full travel range with the proposed method
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