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The out-of-squareness is one of the error sources that affect the positioning accuracy of machine
tools and coordinate measuring machines. Laser interferometer is widely used to measure the
position and angular errors, and can measure the squareness using an optical square. However,
the squareness measurement using the laser interferometer is difficult, as compared to other
errors due to complicated optics setup and Abbe’s error occurrence. The effect of out-of-
squareness mainly appears at the face-diagonal of the movable plane. The diagonal
displacements are also affected by the position dependent geometric errors. In this study, the
squareness estimation techniques via diagonal displacement measurement using the laser
interferometer without an optical square were proposed. For accurate estimation and
measurement time reduction, the errors selected from proposed discriminant were measured.
Discrepancy between the proposed technique with the laser interferometer (with an optical
square) result was 0.6 urad.

KEYWORDS: Squareness estimation (2Zt= +7), Coordinate measuring machine (3 X2 Z=77|), Face-Diagonal
method (H-CHZ+ B}8H), Laser interferometer (2 0| K ZHd A|)

7|sMd9H 7,.>= Homogeneous transformation matrix of b-local
coord-inate system relative to a-local coordinate

6;; = Position error in i-direction of j-axis system

&; = Angular error in i-direction of j-axis L, = Diagonal displacement between n-th point and origin

s; = Squareness between i-axis and j-axis of measurement coordinate system, n=1,2,3,4

J» = n-th measurement position of j-axis, n=1,2,...,.N AL, =Diagonal displacement error between n-th point

T,=Position vector of n-th measurement point on and origin of measurement coordinate system,

diagonal direction, n=1,2,3,4 n=1,2,3,4
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Fig. 2 Face-Diagonal measurement in the XY Plane
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Table 1 Specification of the CMM
Model: SIGMA 785C

X 700 mm

Measuring range Y 800 mm

Z 500 mm

Resolution 0.5 um
Maximum permissible error 2.0+L/300 pm

L: Measuring length

Table 2 Specification of the geometric error measurement
using the laser interferometer

Linear measurement (with XC compensator)
Accuracy + 0.5 ppm
0.001 pm

Resolution
Straightness measurement
+0.5% +0.5 £0.15 M um
0.01 pm

Accuracy

Resolution
Angular measurement
+0.6% £0.5 £0.1 M um/m
0.1 pm/m
Squareness measurement (with an optical square)
+0.5% +2.5 +0.8 M um/m
0.01 um/m

M = Measurement distance in metres
% = Percentage of displayed value

Accuracy

Resolution

Accuracy

Resolution
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Fig. 5 (a) Horizontal straightness error measurements (b)
and angular error measurement

Table 3 Diagonal displacement measurements with respect
to the T,

Points T, T, T; T,
282.8466 | 282.8483 | 282.8496 | 282.8479
282.8471 | 282.8483 | 282.8494 | 282.8481
282.8474 | 282.8483 | 282.8497 | 282.8477
Average | 282.8470 | 282.8483 | 282.8496 | 282.8479

L; (mm)

Table 4 Experimental results for the squareness measurement
using the laser interferometer

Squareness | Discrepancy
CASE (wrad) | (urad)
With the optical square 4.8 -
Using only diagonal
displacement data 0.1 47
Proposed technique 4.2 0.6
5. 48
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