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Performance Evaluation for Coordinate Measuring Machine using Design of Experiments

Seung-Pyo Lee*, Sung-Kyu Ha'

| Abstract J[

With the increasing demand for higher production quality and growing competition in the global market, coordinate
measuring machine(CMM) has been widely used in industry to improve the efficiency and effectiveness of
measurement. In this paper the performance evaluation of coordinate measuring machine is proposed using design
of experiments. A factorial design is applied to carry out the performance test proposed by ISO 10360 with a length
bar and to investigate CMM measurement errors associated to orientation and length in the work volume. The
determination of the significance of effects in an experiment is made through the analysis of variance(ANOVA). The
results show that the proposed method is suitable to analyze the factors which affect the CMM measurement
performance.

Key Words : Coordinate measuring machine(32+%] 2% 273471), CMM performance test(32-4 #& £47] A% A1%), Design
of experiment(A1&] A\ ZH]), Analysis of variance(F-AF E4))
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Table 1 Factors and levels of the experiment

Table 2 Factorial design and experimental runs
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Runs Randomized Order A B
1 4 1 1
2 3 1 2
3 2 1 3
4 16 2 1
5 10 2 2
6 8 2 3
7 18 1 1
8 7 1 2
9 9 1 3
10 17 2 i
11 11 2 2
12 13 2 3
13 6 1 1
14 12 1 2
15 15 1 3
16 1 2 1
17 14 2 2
18 5 2 3

(a) X direction

(b) XYZ direction
Fig. 1 Orientation of length bar
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Table 3 Analysis of variance

Source of Variation(SV) | Sum of squares(SS) Degrees of freedom(DF) Mean squares(MS) Fo
A SSa a—1 SSa / DFa MS4 / MSg
B SSs b—1 SSg / DFs MSs / MSE
AB SSas (a—1)(6—-1) SSas / DFag MSas / MSg
Error SSe ab(n~1) SSg / DFg
Total SSr abn—1
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Fig. 4 Measurement errors in work volume
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Fig. 5 Measurement errors at different length bar
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Table 4 Length of the length bar E 1 . .
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Fig. 7 Normal probability plot of measurement error

Table 5 Anpalysis of variance results

SV DF MS Fo il
95% | 99%
A 1 491 | 712" | 475 | 933
B 2 017 | 024 | 389 | 693
AB 400 | 580 | 38 | 693
Error 12 0.69
Total 17
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