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Because of both precise measurement and efficient quality control, coordinate measuring
machines(CMMs) have been widely used in the industry. The purpose of this paper is to present
a method to estimate the CMM measurement uncertainty using design of experiments. A factorial
design is applied to carry out the performance test proposed by ISO 10360 and fo investigate
CMM measurement errors associated to orientation and length of the length bar. In order to
assess the measurement uncertainty for the performance test, an analysis of the uncertainty
components that make up the uncertainty budget has been carried out. The procedure for
evaluating the uncertainty of it foliows GUM (“Guide fo the expression of uncertainty in
measurement’). The results show that the proposed method is suitable to investigate CMM
performance and determine the contribution of machine variables to measurement uncertainty.
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Table 1 Factors and levels

Levels
Factors
1 2 3
Orientation A Xdir. | XYZ dir. -
Length B Small | Medium | Large

(b) Level 2; XYZ dir.
Fig. 1 Orientation(A) of length bar

(a) Level 1; X dir.
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Table 2 Analysis of variance

vafi(:zl:;(frc)((s)f\/) Sum of squares(SS) f::;i‘:i];;) Mean squares(MS) Fo
A SSa a-1 SS4/DF, MS, / MSg
B SSp b1 SSp/ DFg MSg / MSg
AB SSsn (a-1)(b-1) SSas/ DFsp MS sp / MSg
Error SSe ab (n - 1) SS;/ DFg
Total SSt abn-1
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Runs A B
Crrors, ym
2 2
EMS,)=0 +roy N 1 1 0.3
2 1 2 1.0
E(MS,)=0" ®) 3 3 0.5
4 1 -1.9
33 48 3 U I 5 2 2 -1.8
3 A9 37 24719 54 2% 918 9 6 3 04
ated Table 3 oA AA G SHdZ P 593} 7 ! 0.2
Pkt Ao A&3F CMM 2 International 8 1 2 -0.4
Metrology Systems A12] IMPACT ©}¥, ©]& Fig. 2 9 3 0.5
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24 237} ARFUT Table 3NN & 5 UEo] 16 ! 19
A e E 0AE 0.0 um 24 375.0004mm 17 2 2 2.3
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Fig. 3 Normal probability plot
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Table 4 Analysis of variance results

F

SV DF MS Fy
95% 99%

*

A 1 491 | 7.12 475 | 933
B 2 0.17 | 024 | 389 | 693
AB 2 400 | 5.80° | 3.89 6.93

Error 12 0.69

Total 17
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Fig. 4 Main effects plot
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Fig. 5 Interaction effects plot
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o2 AP solop e Wi BRI A$rt %ol Aol upe] el g BF BHEZE Table 5
Atk oW Aol BHEE HATY] Gkl A o4 T & U] 068 um o), LEAE] B
A AFE ALEEE, dojd Ao gt 29 EFE EEEE 105 umolth EF, oozt o
LA BYolete $AAR £48 Bl 2¥x A4 g BFE EIEE 083 umolH, ols MAEH o
e AET 5 Qo R A4 BT, &% BYE 5o 9Y8
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Table 5 Uncertainty budget
Quanti Standard Probability Sensitivity Uncertainty, Degree of
vanti
i uncertainty distribution coefficient Hm freedom
A 0.68 Normal 1 0.68 1
B - Normal 1 - 2
AB 1.05 Normal 1 1.05 2
E 0.83 Normal 1 0.83 12
u(y) - - - 1.50 5.89
U ) ) ; 3.71
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