SIRTUTSSA A 26 33 pp.47-54 March 2009 / 47
Journal of the Korean Society for Precision Engineering Vol. 26, No. 3, pp. 47-54

XY HE 53719 3% 4500 O A @7

An Experimental Study on the Measurement Performance of Coordinate Measuring
Machine
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In the manufacturing industry, there has been a significant increase in the use of coordinate
measuring machines(CMM). In this paper, the sources of CMM measurement performance are
discussed. The effects of workpiece position, length and orientation are analyzed by using the
design of experiments. Both a fractional factorial design and a factorial design are employed to
conduct the experimental study. The analysis of variance is performed to determine the
significance of factors in the experiment and regression analysis is applied to make the
measurement approximate model. The results show that position along the Z axis, length and
orientation affect the CMM measurement performance.
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Table 1 Factors and levels of screening experiment

Factors Levels
-1 1
A. Position from x=0 | Left Right
along X axis (1140mm) | (1640mm)
B. Position from y=0 | Front Back
along Y axis (1420mm) | (1920mm)
C. Position from z=0 Low High
along Z axis (290mm) (520mm)
D. Length Small Long
E. Orientation X dir. XYZ dir.

(a) Factor A;

Position along X axis

(b) Factor B;
Position along Y axis

(¢) Factor C;

Position along Z axis

(d) Factor E;
Orientation, X dir.

(e) Factor E; Orientation, XYZ dir.
Fig. 1 Factors and levels of screening experiment
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Table 2 Experimental orders of screening experiment

Run A B C D E
1 -1 1 -1 -1 1
2 -1 -1 1 1 -1
3 -1 -1 1 1 -1
4 1 1 -1 1 -1
5 -1 -1 -1 1 1
6 -1 1 1 -1 -1
7 -1 -1 -1 1 1
8 1 -1 -1 -1 -1
9 1 1 1 1 1
10 -1 1 -1 -1 1
11 -1 1 1 -1 -1
12 -1 1 1 -1 -1
13 1 -1 -1 -1 -1
14 1 1 1 1 1
15 1 -1 1 -1 1
16 -1 1 -1 -1 1
17 1 -1 1 -1 1
18 1 1 -1 1 -1
19 -1 -1 -1 1 1
20 1 1 -1 1 -1
21 1 1 1 1 1
22 -1 -1 i 1 -1
23 1 -1 1 -1 1
24 1 -1 -1 -1 -1

322 48 E3 ¥ OF

ABL Fig. 2 o vebd ule} 7ol International
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&7 FZHMeasuring range)S 1000mm x 1000mm x
800mm |t} 18|31, ISO 10360-2" o 28 & s
£ @ 2}(Maximum permissible error, MPEp)E 2.5 +
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Fig. 2 PREMIER of International Metrology Systems
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Fig. 3 Measurement error of screening experiment
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Fig. 5 Normal probability plot of screening experiment

Table 3 Regression analysis of the screening experiment

Predictor | Coeff. SE Coeff. T P

Constant | -0.3375 0.1149 -2.94 0.009
A -0.1375 0.1149 -1.20 0.247
B 0.0208 0.1149 0.18 0.858
C 0.4708 0.1149 4.10 0.001
D 0.2042 0.1149 1.78 0.092
E 0.8542 0.1149 7.44 0.000

Position along X axis Position along Y axis Position along Z axis

0.0 /
\ —
0.5] == /

1 1
Length Orientation

05

0.0 /
"

05

-1.04 /

1 1 R 1

e
-

Mean of Measurement error
KN
-

Fig. 6 Main effect plot of screening experiment
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Fig. 8 Cube plot of screening experiment

o O 2o FHF 4FE #
el A¥e 3. g A
tgo 2o $A9 wEAHEY Ho,

3t z} o RE %3 g3 43
FY3HE 2wl X M (Factorial design)S 2 A 3}
LoolE IAEd o wx¥EAde 1]
At 3 & a3 E dFo Aed &
9l AgL 3 A 34EE 7AW, 38 W& A
F& g3t b, F AY F5E 81 ol
t}. Table 4 o &< Agol AL&H A9} 58
Aelsgict. 283, S5 E9] B Ui £
< Fig. 9 o] EAEGT. &1 AFo] AbgE Zo)
e A9 289 sl E 3L A Re
B2 #&& Aol Hol nle] dA FHAH3E 174.9970
3, 7k Zol9] Ze] ¥lE 375.0000mm, 71

o
N,
o
o
om £

Mo o o 12
ok rfo
9

mm ©]

Zole] Ao} BhE 574.9990mm ©) o},

Table 4 Factors and levels of confirmation experiment

Levels
Factors
1 2 3
A. Position Low Middle High
from z=0 (290mm) | (405mm) | (520mm)
B. Length Small Medium Large
C. Orientation | X dir. XY dir. XYZ dir.

(a) X dir. (b) XY dir.

(c) XYZ dir.
Fig. 9 Three levels for orientation of confirmation

experiment
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Fig. 10 Measurement error of confirmation experiment
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Fig. 11 Normal probability plot of confirmation
experiment
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Table S ANOVA results of confirmation experiment
F
95% 99%

SV |DF| MS Fo

2 | 0467 | 058 | 3.18 | 5.06
2 | 50428 | 62.467 | 3.18 | 5.06
2 |79.899 | 98.96 | 3.18 | 5.06
AB | 4 | 0993 | 123 | 256 | 3.72
4
4
8

AC 8.469 | 1049”7 | 2.56 | 3.72
BC 9.924 | 1229 | 2.56 | 3.72
ABC 3.171 | 3937 | 2.13 | 2.89
Error | 54 0.807

Total | 80
B Position along Z axis Length
1 \
w0 i
3
!
=1
£,
@ T
s 1 2 3 1 2 3
z Orientation
o 2
c
g 1
0 \ /
. \/
2

1 2 3

Fig. 12 Main effect plot of confirmation experiment

Position
5 i r2 along Z

Position along \ A . 74 Lo axis
Z axis =g . . !
NS o |- 2
e - 3

Length

2| e 1

a), Lo [—® - 2

Length 5 /'; O 3

N2 s

Orientation

Fig. 13 Interaction effect plot of confirmation experiment
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