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Abstract

The measurement accuracy of the laser tracker is one of the most important factors that impact
the aircraft assembly quality. The temperature alteration in assembly factory will result in loca-
tion movements of ERS points, which has become a crucial problem in re-locating the laser tracker.
To improve the relocation accuracy of laser tracker, a new compensation method based on precise
thermal deformation error theory is proposed in this paper. By comparing the nominal coordi-
nates and measured coordinates of ERS points, the deformation compensation coefficients of ERS
points in X, Y, Z directions of assembly coordinate system are calculated, and iterative method is
developed in registration process to correct the coordinates of ERS points and obtain the optimal
transformation parameters. Finally, the engineering example shows that the compensation me-
thod has good compensation precision, with our new compensation method, the maximum regis-
tration error can be reduced by 38.6%, and the average registration error can be reduced by
38.7%.
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Figure 1. The principle of laser tracker re-location
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Figure 2. The on-site measurement of laser tracker
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Table 1. The nominal location of ERS point
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HibE
ETRs
X (mm) Y (mm) Z (mm)

DR1 13461.968 3057.356 —54542.795
DR2 13466.772 3054.398 -52879.890
DR3 13372.692 —5704.690 —53469.053
DR4 17868.137 -55702.911 -53471.318
DRS5 24865.070 —55706.868 —52934.769
DR6 27871.058 —55709.286 -54273.616
DR7 13465.374 -53041.617 —52678.224
DRS 24775.934 —53046.248 —52798.255
DRY 27767.353 -53051.349 —54605.147
DR10 27776.304 -53050.347 -52914.038
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Table 2. The measurements and registration errors of ERS points

% 2.ERS Rl EESTEIRE

S VERC iR %

ETRS

X (mm) X (mm) X (mm) X (mm) Y (mm) Z (mm)
DRI 7469.063 7469.063 7469.063 —-0.506 0.199 —0.158
DR2 7471.955 7471.955 7471.955 —-0.454 0.302 0.094
DR3 —1286.494 —1286.494 —1286.494 —0.622 —0.071 —0.021
DR4 —1351.244 —1351.244 —1351.244 —-0.090 0.068 0.085
DR5 —1456.311 —1456.311 —1456.311 0.443 —0.200 0.005
DR6 —1508.002 —1508.002 —1508.002 0.512 —0.166 -0.170
DR7 1377.654 1377.654 1377.654 —0.597 0.042 0.036
DRS 1205.720 1205.720 1205.720 0.361 —-0.109 0.044
DR9 1149.769 1149.769 1149.769 0.416 0.021 —0.033
DR10 1156.872 1156.872 1156.872 0.535 —0.086 0.119

Table 3. The measurements and registration errors of ERS points after compenstion
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AME G B B fE VRS IR %
)
X (mm) Y (mm) Z (mm) AX (mm) AY (mm) AZ (mm)

DRI1 13462.202 3057.309 —4542.635 0.234 —0.047 0.160
DR2 13467.016 3054.251 —2879.981 0.244 —0.147 —0.091
DR3 13372.826 —5704.464 —3469.015 0.134 0.226 0.038
DR4 17867.940 —5702.865 —3471.394 —0.197 0.046 —-0.076
DRS 24864.940 —5706.614 —2934.776 —-0.130 0.254 —0.007
DR6 27870.865 —5709.094 —4273.454 —-0.193 0.192 0.162
DR7 13465.581 —3041.504 —2678.247 0.207 0.113 —0.023
DRS 24775.910 —3046.084 —2798.306 —0.024 0.164 —0.051
DR9 27767.171 —3051.345 —4605.126 —0.182 0.004 0.021
DR10 27776.101 —3050.233 —2914.169 —-0.203 0.114 —0.131
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Figure 3. Iteration process of thermal compensation method
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Table 4. The transformation parameters of different compensation method
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AME T % X (mm) Y (mm) Z (mm) a () BC) 7()
FAME 16375.954 —4375.457 —2964.166 90.84618 -0.20752 0.22825

Horn J5i% 16375.679 —4375.557 —2964.133 90.84618 -0.20752 0.22825

ARSI 16375.421 —4375.328 —2964.156 90.84568 —0.20743 0.22835
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Figure 4. The compare of Ave (E) from different thermal compensation method
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Figure 5. The compare of Max (E) from different thermal compensation method
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