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Abstract: In large aircraft product automation, the accuracy requirements for hole position detection are
gradually increasing, and the vertical accuracy of a drill is the most important evaluation condition for this
standard. When drilling and riveting are performed by automatic robotic systems, assembly error, bumps, off-

sets and other adverse conditions can reduce the accuracy of manufacturing and detection, and in turn the fa-
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tigue performance of the entire structure. To solve this problem, we proposed a technique for detecting a free-
form surface’s normal-direction based on the adaptive alignment method using multiple laser sensor assem-
blies, built a mathematical model for posture alignment, and studied the calibration method and process re-
quired by the detection device. Additionally, we investigated techniques for error compensation using an
electronic theodolite and other devices when the adaptive method is used for detection. In our verification ex-
periments, multiple sets of results demonstrated that the key technical indicators were as follows: normal ac-
curacy < £0.5°, average deviation after correction is 0.066 7°. This method can effectively compensate for the
errors affecting hole making in automated manufacturing, and further improve the positioning accuracy and

normal-direction detection accuracy of a robot.
Key words: automatic drilling and riveting; automatic aircraft manufacturing; adaptive alignment; detecting
the normal-direction; multiple laser sensors
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Fig. 1 (a) Geometric model for posture alignment; (b) type

of laser sensor used: FASTU/CD22; (c) relation-
ships between 6, & and &, in the X'TZ' coordinate

plane.
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Fig. 2 Equipments used in normal-direction alignment ex-

periments. (a) Schematic diagram of the laser sensor

assembly; (b) calibration blocks
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Tab.1 Verification data of normal-direction alignment with rotation angle of 1°/time
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nl 1 41.64 31.17 40.05 27.17 \ \ \
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nl 3 42.20 38.99 40.38 26.59 0.7295 0.7809 0.0514
nl 4 42.60 31.04 40.73 26.48 0.7602 0.7987 0.0386
nl 5 43.03 31.09 41.03 26.28 0.7813 0.8269 0.0456
nl 6 43.01 31.09 40.99 26.30 0.7869 0.8113 0.0244
nl 7 43.45 31.15 41.32 26.16 0.8573 0.8222 0.0351
nl 8 44.05 31.40 41.67 26.05 0.7708 0.7889 0.0181
nl 9 4445 31.51 42.06 25.94 0.7819 0.7772 0.0047
nl 10 44,96 31.70 42.41 25.90 0.9539 0.9091 0.0449
nl 11 45.63 32.06 42.88 25.94 0.8128 0.6916 0.1212
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Tab. 2 Statistical data of normal deviation value

(abs_err) in validated experiments
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n_2 0.2594 0.1558 0.0241 0.0025
n_3 0.0314 0.0514 0.0522 0.0433
n_4 0.0222 0.0386 0.0995 0.0175
n_5 0.0858 0.0456 0.1592 0.0723
n_6 0.3257 0.0244 0.0229 0.0136
n_7 0.1747 0.0351 0.0026 0.0810
n_8 / 0.0181 0.0599 0.0191
n_9 / 0.0047 0.0191 0.0315
n_10 / 0.0449 0.0079 0.0937
n_I1 / 0.1212 0.1041 0.0379
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