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Study on Data Processing Method of Three-Dimensional Coordinate
Measuring Machine
(Simultaneous Processing Method of Data Measured by Multiple Probes)

Makoto OHYA

It is often necessary to utilize more than two probes in measuring three-dimensional (3-D)
shapes by means of a 3-D coordinate measuring machine. Accuracy of measurement, especially of
complicated shapes, can be improved by using multiple probes, because of the wide range of
measured data. In the case that more than two probes are used, calibration of each probe must be
performed to correct the zero position of the scale. In this paper, a new method for processing data
measured by multiple probes is proposed. Two kinds of parameter related to shape and offset vector
of a probe are involved in an observation equation. The parameters can be determined simultaneous-
ly by solving a set of observation equations for both standard probe and offset probe. The efficiency
of the measurement by multiple probes is not affected because probe calibration and data correction
are not essential in the proposed method. The simultaneous processing method is applied to
experimental data. The most probable values and the standard deviations of the parameters are
calculated by the least squares method. Results show that measurement accuracy of the method is
almost the same as that of a conventional calibration method.

Key Words: Measurement, Accuracy, Data Processing, 3-D Coordinate Measuring Machine,
Calibration of Probe, Offset Vector, Simultaneous Processing Method
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Table 1 Result of experiment (1)

*in regard to an unit of anglea, 8
Average;(deg), Std.Dev;(udeg)

(a) Separate (b) Corrected Data (¢) Simultaneous
Measured Processing Processing Processing
Parameter]
Shape Average |Std.Dev.| Average |Std.Dev.| Average |Std.Dev.
(mm) (pm) (mm) (pm) (mm) (g m)
Xo 97.478 - 97.478 0.1 97.478 0.0
Ball Yo 127.806 — 127.806 0.1 127.8056 0.4
a
Zo 87.068 - 97.068 0.1 97.067 0.2
R 11.999 0.7 11.999 0.2 11.999 0.2
Xo 363.811 19.0 363.819 2.8 363.814 6.4
Yo 230.221 6.2 230.210 4.0 230.223 4.5
Cylinder a 227.868 5.7 227.859 4.3 227.866 1.2
p‘ 43.212 5.4 43.211 2.3 43.213 2.3
R 23.002 0.7 23.002 0.2 23.002 0.3
a 89.700 0.9 89.701 0.4 89.700 0.4
Plane .
(OPB) 8 89.998 1.2 90.000 1.1 8§9.998 0.7
P 166.742 4.8 166.736 2.4 166.743 2.8
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Table 2 Result of offset vector obtained in experiment (1)
(A) Separate Processing (B) Simultaneous Processing
(1) Ball (2) 3_Planes | (3) AxisPlane (1) Ball (2) 3_Planes | (3) Axis,Plane
Probe
Average Std. Average Std. Average Std. Average Std, Average Std. Average Std.D
Dev Dev Dev Dev Dev ev
(mm) (mm) (mm) (mm) (mm) (mm)
(pm) (pm) (pm) (pm) (pm) (pm)
Dx 48.698| 0.7 | 48.696/ 2.1 | 48.071| 5.2 | 48.699| 0.8 | 48.696f 1.4 | 48.699| 2.8
Dy Dy 50.878] 0.7 50.881| 1.6} 50.882| 5.2 | 50.878 0.8 | 50.881; 1.5 | 50.881] 2.6
Dz 28.870| 1.3 28.868| 1.2 | 28.870| 4.2 | 28.868( 1.1 | 28.867| 1.0 | 28.870] 2.1
Dx 69.535 1.0| 69.533| 2.0 | 69.535| 4.0 | 69.5635| 0.9 | 69.532] 1.0] 69.533| 4.0
Dy Dy 4.953/ 0.9 4955 4.3 4.956| 4.1 4.952| 0.9 4,955 2.2 4.966/ 2.8
Dz 29.487 1.4 29.485| 1.4 | 29.491] 3.6 | 29.486| 1.0 | 29.483] 1.1 | 29.487 2.1
Dx 11.898 0.8] 11.898/ 3.0 11.898/ 5.8 | 11.898; 09| 11.898] 1.8 11.897 2.8
Dy Dy 71.764| 0.9 | 71.764f 3.0 | 71.757 5.8 | 71.764] 1.0 | 71.754| 1.4 71.756] 3.6
Dz 29.438| 1.4 | 29.439 1.5| 29.439| 4.6 | 29,435 1.1 | 29.437} 0.9 ] 29.438] 2.2
Table 3 Result of experiment (2 )
*in regard to an unit of anglea, 8
Average;(deg), Std.Dev;(udeg)
{a) Separate (b) Corrected Data (¢} Simultaneous
Measured p Processing Processing Processing {b)-(c) {b)-(a)
Shape arameter Average | Std.Dev.| Average |Std.Dev.] Average |Std.Dev,
(mm) (pm) (mm) (pm) (mm) {(pm) (pm) {(pm)
P X 204.120 11.9 204.110 6.1 204.110 5.6 0.7 ‘9.7
3 Y 104.060 8.0 104.050 5.3 104.061 6.7 -0.7 0.2
Xo 87.023 34.2 87.036 3.6 87.033 2.7 2.3 13.0
¢ Yo 26.900 7.9 26.901 1.4 26.901 2.3 -0.1 0.7
3 a 169.304| 13.1 174.032 3.5 1765.622 2.9 -1.67| 4.7
(Boss) g 0.061| 11.9 0.063| 3.3 0.060{ 2.4 | 10.67] 8.4"

R 13.995 1.6 13.995 0.2 13.896 0.2 -0.2 0.1
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(B) [FIRETEE Fig.4 Drawing of measured shape in experiment (2 )
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