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AACMM Position accuracy distribution research based on the
accuracy of grating encoder

Xu You, Gao Qun
( Guangdong Polytechnic Normal University, Guangzhou 510635 ,China)

Abstract : The error of grating encoder may affect the position accuracy of Articulated Arm Coordinate Measuring Machine (AACMM) in
different poses. The position accuracy distribution effected by grating encoder accuracy may be used to guide the calibration and
measurement of AACMM. The paper studies the relationship between the precision of grating encoder and the position accuracy of 6-joint
measurement system. The position accuracy metric of grating encoder is defined. The distribution of AACMM in the workspace is
depicted. The evaluation experiments and testing results are as follows. The comparisons of position accuracy effect of grating encoders
precision in different joints are carried out. Then, the distribution characteristic is compared with Monte Carlo method. Then, the
different positions are utilized to measure the single-point test and standard ball radius. The experimental results show that the proposed
method can describe the position accuracy distribution of AACMM more comprehensively and accurately. The optimized measurement
region can be determined by the position accuracy distribution which can be used to guide the practical operation.

Keywords : articulated arm coordinate measuring machine (AACMM) ; grating encoder’ s accuracy; position accuracy distribution
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Table 1 SINO5’s DH parameters

" AR E  CWmEE MM KATHE A

ke 1/mm d,/mm a;/rad 0./rad

1 0 0 ~1.571 0

2 ~90 0 1.571 0.000

3 90 650 ~1.571 0.002

4 0 0 1.571 0.003

5 0 435 1.571 0.005

6 155.479 65.931 0 0.004
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Table 2

Position accuracy based on grating encoder in different joint (mm)

S SR FORE R = 5" I R G B

KAL) ,6,,05,04,05,04)

ESiER! K2 K3 K 4 PN S
(0,0,0,0,0,0) 0.007 713 0.053 153 0.011 847 0.022 405 0.008 127 0.007 496
(7/2,0,0,0,0,0) 0.007 713 0.053 153 0.011 847 0.022 405 0.008 127 0.007 496
(m/2,%w/2,0,0,0,0) 0.052 813 0.053 153 0.011 847 0.022 405 0.008 127 0.007 496
(m/2,m/2,w/2,0,0,0) 0.053 930 0.052 740 0.011 847 0.022 405 0.008 127 0.007 496
(m/2,m/2,m/2,m/2,0,0) 0.042 622 0.038 995 0.017 379 0.022 405 0.008 127 0.007 496
(m/2,m/2,7/2,w/2,7/2,0) 0.038 585 0.036 688 0.018 689 0.021 300 0.008 127 0.007 496
(m/2,w/2,w/2,w/2,w/2,m/2) 0.035 947 0.034 917 0.009 592 0.013 950 0.003 123 0.007 496
(m,m/2,7/2,w/2,m/2,m/2) 0.035 947 0.034 917 0.009 592 0.013 950 0.003 123 0.007 496
(m,m,w/2,7/2,m/2,7/2) 0.010 643 0.034 917 0.009 592 0.013 950 0.003 123 0.007 496
(m,m,m,w/2,m/2,7/2) 0.005 133 0.035 025 0.009 592 0.013 950 0.003 123 0.007 496
(m,m,w,mw,7/2,7/2) 0.005 368 0.018 735 0.000 942 0.013 950 0.003 123 0.007 496
(w,m,m,m,mw,w2) 0.009 099 0.019 875 0.005 187 0.013 589 0.003 123 0.007 496
(mw,m,w,m,7,m) 0.003 442 0.010 526 0.004 737 0.022 353 0.008 125 0.007 496
Bn/2,w,w,w,w,7) 0.003 442 0.010 526 0.004 737 0.022 353 0.008 125 0.007 496
(3w/2,30/2,w,m,mw,m) 0.010 981 0.010 526 0.004 737 0.022 353 0.008 125 0.007 496
(3w/2,37/2,3w/2,7w,w,m) 0.011 008 0.010 555 0.004 737 0.022 353 0.008 125 0.007 496
(3mw/2,3w/2,3w/2,3w/2,w,w) 0.034 817 0.024 084 0.025 301 0.022 353 0.008 125 0.007 496
(37w/2,3w/2,3w/2,3w/2,30/2 ,m) 0.042 864 0.034 807 0.026 200 0.021 288 0.008 125 0.007 496
(37/2,3w/2,3w/2,3w/2,3w/2,3w/2)  0.047 670 0.034 964 0.032 611 0.028 775 0.003 151 0.007 496
(0,37/2,3w/2,3w/2,3%/2,3w/2) 0.047 670 0.034 964 0.032 611 0.028 775 0.003 151 0.007 496
(0,0,3w/2,3w/2,37/2,31w/2) 0.033 141 0.034 964 0.032 611 0.028 775 0.003 151 0.007 496
(0,0,0,3w/2,3w/2,3w/2) 0.028 125 0.044 764 0.032 611 0.028 775 0.003 151 0.007 496
(0,0,0,0,37/2,37w/2) 0.003 724 0.060 266 0.000 836 0.028 775 0.003 151 0.007 496
(0,0,0,0,0,37/2) 0.003 420 0.060 171 0.004 941 0.028 614 0.003 151 0.007 496
Y7 B HE/ mm 0.023 992 0.034 891 0.013 943 0.021 758 0.005 632 0.007 496
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Table 3 Result of single point measurement (mm)

LA
LTS P i 22
X Y
1 167.314 —348.254 -30.312 0.109
2 227.612 —389.341 -30.412 0.165
3 311.648 -464.261 —-30.453 0.178
4 332.323 -590.176 -30.476 0.232
5 368. 849 -690.72 -30.513 0.248
R ARYERR I 5, A5 RANER 4 iR
x4 RERKEENELER
Table 4 Result of radius measurement (mm)
(AT e 242 SLpRakAt WE
1 15.042 15.093 0.051
2 15.002 15.093 0.091
3 14.972 15.093 0.121
4 15.246 15.093 0.153
5 14.905 15.093 0.188
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