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A Method of Improving the Accuracy of the
Three-Coordinate Measuring Machine
(1st Report, A Trial Production of the Three-Dimensional Standard)

Makoto OYA, Hisashi HOKARI, and Hisashi TAMURA

The trial production and the inspection test of a three-dimensional standard gauge equipment are
carried out. Two types of equipment are designed for the calibration test of the three-coordinate
measuring machine (3 CMM). Each equipment is fabricated from precision steel balls arranged on a
base plate—( 1) 20 pieces of ball are placed in a rectangular lattice shape on nearly the same plane
—(2) 3 of 9 pieces are spaced on three different heights. The measuring probe is positioned on the
balls and the center coordinates are measured to determine the three-dimensional relation of each
ball position. The inspection test of the standard gauges are performed with the 3 CMM whose
discrete distribution of the error vector is already known. The repeatability and the reproducibility
are observed in the test. As a result, the standard gauge equipment built as a trial proved to be
adequate for practical use in the calibration test of other 3 CMM.
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U-Component V-Component W-Component

i Ui dUi [ui] Vi Vi [vi] Wi gWi [wil
{ mm ) {(nm) |{pm)- (mm ) (um) {1 (um) {mm) (nm) | {um)

1 0.000 0.0 0.0 0.000 0.0 0.0 0.000 0.0 0.0
2 79.997 0.6 2.3 0.001 0.4 2.3 -0.011 0.4 1.9
3 159.991 0.5 2.3 0.001 0.5 2.8 ~0.014 0.4 1.7
4 239.995 0.6 2.8 0.000 0.6 3.1 -0.005 0.3 1.8
5 319.985 0.6 2.5 0.000 0.0 0.0 0.000 0.0 0.0
6 -0.010 0.4 2.0 80.006 0.7 3.3 0.027 0.4 1.6
7 79.990 0.7 3.0 80.004 0.5 2.4 0.010 0.4 1.9
8 159.984 0.7 3.1 80.003 0.5 2.8 0.001 0.4 1.8
9 239.991 0.6 2.4 80.009 0.5 2.6 0.008 0.3 2.1
10 319.998 0.7 3.2 80.011 0.4 1.7 0.018 0.4 1.8
11 ~0.002 0.6 3.8 160.016 0.8 3.9 0.026 0.4 2.9
12 80.003 0.8 3.9 160.010 0.6 3.3 0.022 0.3 1.6
13 160.005 0.8 3.4 160.007 0.6 2.7 0.020 0.3 1.7
14 240.005 0.7 3.1 160.005 0.6 2.6 0.019 0.4 1.9
15 320.005 0.8 3.5 160.011 0.4 2.0 0.010 0.4 2.5
16 0.002 0.9 3.6 240.008 0.7 3.9 -0.004 0.4 2.5
17 80.008 0.9 4.8 240.005 0.6 3.1 -0.001 0.5 2.5
18 160.005 0.9 5.5 240.000 0.6 3.1 0.000 0.0 0.0
19 240.015 0.7 4.1 240.004 0.6 3.0 -0.003 0.4 2.7
20 320.024 0.9 4.6 240.009 0.5 2.9 -0.007 0.7 3.0
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U-Component V~Component W-Component

i Ui ¢Ui [Ui] Vi dvi [vil Wi g Wi [wi]

(mm) (am) [{nm) {mm ) (um)  [(um) {(mm) (am) | (nm)
1 0.000 0.0 0.0 0.000 0.0 0.0 0.000 0.0 0.0
2 319.985 0.8 4.2 0.000 0.0 0.0 0.000 0.0 0.0
3 160.014 0.9 5.1 240.010 0.7 3.6 0.000 0.0 0.0
4 80.013 0.6 2.9 -0.044 0.5 2.6 79.355 0.4 1.8
5 319,693 1.0 5.6 159.959 0.9 5.5 79.484 0.5 3.0
6 ~0.094 0.8 4.5 239.886 0.7 3.9 79.209 0.6 3.0
7 240.161 0.9 5.6 0.125 0.6 3.2 159.393 0.6 4.8
8 320.191 1.1 5.2 239.999 0.9 4.5 159.476 0.5 3.8
9 -0.069 0.6 3.5 160.115 0.8 4.0 159.972 0.6 3.4
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