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Error analysis and compensation of the measuring force
of the articulated arm coordinate measuring machine

Luo Zai, Liu Hui, Tian Kun, Li Dong

(College of Metrology & Measurement Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract : Measuring accuracy of AACMM based on measuring force is focused in this work. The error of length measurement caused by
measuring force is analyzed theoretically and experimentally. The local deformation of the probe and the measured object and the bending
deformation of the measuring rod are the main factors affecting the accuracy of AACMM. The mathematical models of the local
deformation and the bending deformation of the rod are established, with which the measuring results compensated with force error.
Results show the error caused by measuring force can be compensated to a great extent: the average length measurement error is reduced
about 82% , the maximum error is reduced by about 47um, which effectively improves the precision of AACCM.

Keywords : articulated arm coordinate measuring machine (AACMM) ; measuring force; bending model of rod; error compensation
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Fig. 1  Structure diagram and physical diagram of AACMM
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Fig.2  Schematic diagram of local contact

deformation between the probe and the measured part
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Fig.3  The relationship between local deformation

and measuring force
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Fig.4 Schematic diagram of bending deformation of

the measuring rod
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Fig.5 Effect of measuring force compression

displacement on the lateral displacement and axial rod
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Table 1 Flatness, parallelism and calibration distance

(mm)
o VOFWE  VOFWE  V FAE bl
1 0.003 0.003 0.002 186.200
2 0.001 0.001 0.007 186.201
3 0.002 0.002 0.007 186.202
4 0.001 0.003 0.004 186.202
5 0.002 0.001 0.006 186.201
1y 0.0018 0.002 0. 0068 186.201

Hy b 3R R S5 96 TR, A SRS I T A P
AT B iR 2 BRI, OF R R 22 R KA
0.003 mm V17 1R 2 i KA R L 0. 007 mm, i & 52
B R, A R 18] 9 s B B S K 5 6 ) - 23 4

L =186.201 mm,
3.3 XTTEEMN SR

Pk Hexagon-Infinite2. 0 7 &5 i X A bRl 5 #1124 B
FEXG, S R E 8 fis .

B8 NS
Fig. 8 Experimental measurement of AACMM

SR A A i T ) A R A 0 S T N
(N =3) tpm Po(x,,y,2), i = 1,2, N, HIf
TR 3 R /NS ABAAR ], ) T 25 o, 00 - - 1 B -
Fidge /N L5V, 9K 5 A6 A s s g % s 1 N
P — P (L y,2) , HRIIES 72 35 I ) 1%
SN AR ), S SR AT Py BTV B BEES R
PP A2 TR N 8 Y- T (8] 9 R R O I R ) AR
/N AT A S, A3 Iy g i AR R 3R 2
MR o

AR LA 52 e T R P (xyy,2,) BIXERE
P 0 10 BB 0 Sy S0 R 0 L, i L 52 P B
I I (P 25 0 Sk AR E LR SR (H . it
ATt S BRi B 5 1E A AR bRl i A UbR o (8] ) 22 B
KA R IR . MRS RN =R ES
a7 TR ZR AN 9 B 5 T 10 Jir s Jhy S 6 ) e
2= G EE (WA(1T)) BX EE .

MIELO A1 10 Ha] DU Bl 06 ) 93 K K
R 2 A S R A, HOE L R At A, s
e, SR RN eI Sk A REAR G 4
fih , SR T I AN ARE M, R ZE DS BOR . )
R GHERIR 28K, i KIR 222 0. 08 mm, XX F
R AR RV BN L3RI B 2 W1 B 73 A
555250 70 A B9 IE B P, AR B 0 T R S5 YR N
R E R AR K



1164 & I £ ¥ 38 %

R2 WARS R ELER

Table 2 Measuring force and corresponding measuring coordinate

Fe v S1/N vl AR Py (% ,y;,2;) A5 3 /N A i AR Py (2,75 ,21)
1 0.44 (644.402, -259.843,180. 405) 0.45 (836.378, —266.830,177.868)
2 0.59 (644.401, -259.982,180. 675) 0.65 (836.375, —266.795,177.756)
3 0.83 (644.375, -260. 656 ,180.220) 0.83 (836.380, —266.798,177.964)
4 1.05 (644.393, -260.125,180.611) 1.02 (836.393, —265.441,177.051)
5 1.42 (644.394, —260. 136,180. 642) 1.46 (836.392, —256.446,177.057)
6 1.85 (644.396, —260. 044 ,180.384) 1.80 (836.386, —265.554,176.506)
7 2.18 (644.386, -260.373,179.963) 2.18 (836.370, —266.096,177.412)
8 2.46 (644.375, -260.556,180.067) 2.46 (836.369, —266.161,177.568)
9 2.78 (644.410, -259.710,180.255) 2.71 (836.367, —266.138,177.458)
10 2.94 (644.411, -259.698 ,180.233) 2.93 (836.368, —266.096,177.393)
1 3.11 (644.419, -259.607 ,180.522) 3.13 (836.369, —266.070,177.397)
12 3.65 (644.418 , —259.645,180.691) 3.65 (836.385, —265.784,177.483)
13 3.86 (644.427, -259.629,180.633) 3.82 (836.380, —265.708,177.262)
14 4.03 (644.391, -260.519,180.331) 4.05 (836.374, -265.713,177.272)
15 4.56 (644.421, -259.553,179.496) 4.56 (836.374, -265.712,177.274)
16 4.82 (644.423, ~259.565,179.839) 4.83 (836.372, -265.712,177.271)
17 5.07 (644.407, -260.308 ,180.293) 5.06 (836.369, —265.970,177.490)
18 5.21 (644.406, —260.256,180. 198) 5.25 (836.369, —265.969,177.492)
19 5.63 (644.408 , -260.221,180. 184) 5.62 (836.370, -265.879,177.205)
20 5.85 (644.405, -260.221,180. 189) 5.83 (836.375, -265.770,177.122)
21 5.92 (644.404, -260.208 ,180. 177) 5.94 (836.368, —265.785,177.165)
2 6.12 (644.402, -260. 175,180.303) 6.19 (836.368, —266.223,177.890)
23 6.41 (644.409, -260. 152,180.218) 6.40 (836.364, —266.220.177.868)
24 6.60 (644.413, -260.070,180. 020) 6.62 (836.355, —266.250,177.746)
25 6.85 (644.408 , -260.040,179.975) 6.85 (836.359, -266.172,177.701)
26 7.02 (644.408 , -260.107,180.089) 7.02 (836.343, —266.755,177.506)
27 7.27 (644.403, -260. 588 ,180. 568) 7.24 (836.342, -267.052,178.799)
28 7.60 (644.402, -260.534,180.095) 7.61 (836.332, —266.974,178.440)
29 7.85 (644.419, -260. 167 ,180.403) 7.81 (836.337, -267.008,178.603)
30 8.03 (644.417, -260. 185 ,180. 444) 8.01 (836.324, —267.221,177.437)
31 8.14 (644.409, —260. 447 ,180.249) 8.13 (836.321, -267.357,177.381)
32 8.58 (644.413, ~260. 444 ,180.269) 8.55 (836.323, -267.334,177.308)
33 8.76 (644.412, -260. 446 ,180.269) 8.72 (836.328, —267.205,177.429)
34 8.96 (644.378, -261.167,180.244) 8.91 (836.325, —267.348,177.386)
35 9.13 (644.387, -261.138,180.355) 9.16 (836.350, -266.673,178.020)
36 9.55 (644.386, —261.141,180.355) 9.54 (836.312, —267.445,178. 140)
37 9.75 (644.383, -261.108,180.401) 9.71 (836.342, —266.629,177.893)

38 10.05 (644.391, -261.136,180.348) 10.01 (836.338, —266.243,177.719)
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Fig. 11  Fitting of measurement error by least square method
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