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Methods Main sensing devices Measurement mode

Accuracy (at 7 m) Remark

Refs. [10-11,29] 3D laser trackers Optical, noncontact < 0.100 mm

Refs. [22-24,31-32] 2D cameras or laser ~ Optical, noncontact

scanners

Refs. [21,25-28,30] 1D movable proximi- Optical, noncontact

ty sensors or contact

Proposed method 1D fixed proximity =~ Magnetic, noncon- < 0.076 mm

sensors tact

High accuracy, low efficiency, and invalid measurement of obstructed

objects

~0.070-1.000 mm Low accuracy, high efficiency, and invalid measurement of obstructed

objects

~0.010-0.100 mm High accuracy, high efficiency, sensors driven by manipulators, and

equipment volume too large to permit measurement in a compact space
High accuracy, high efficiency, compact sensor volume, and sensors dis-

tributed in the measurement space
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Parameter (mm) Mean Standard deviation

Posel O [18.351 —132.296 131.764] 107 x [4.99 8.55 1.12]
t [-0.001 0.307 —0.949] 0.0373°

Pose2 O [-28.151-135.772 133.268] 1073 x [4.82 8.55 0.79]
t [-0.031 0.282 —0.955] 0.0482°

Pose3 O [29.461 90.590 132.799] 107 x [6.38 7.24 0.30]
t [0.037 0.307 -0.951] 0.0635°

Pose4 O [-19.378 91.536 131.732] 107 x [4.13 4.97 0.20]
t [-0.053 0.233 -0.971] 0.0314°
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10. JRAr R HE R S
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Sensor number O, (mm) O, (mm) O,(mm) ¢, ty t,

SP 1 sensor -1680.845 -748.645 123.805 -0.028 0.910 -0.414
AP 1 sensor -1871.246 -480.598 109.775  0.326 -0.197 -0.925
AP 2 sensor -1742.015 -469.605 106.003 -0.116  0.993  0.021
HP 1 sensor -1870.849 -229.299 115.794  0.007 -0.210 -0.978
HP 2 sensor -1717.989 -209.531 81.399  0.279 0.946 -0.163
SP 2 sensor -1672.594  571.228 113.139  0.080 0.992 -0.096
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Assembly process stage  SP 1 (m) AP 1 (pm) AP 2 (pm) HP 1 (pm) HP 2 (pm) SP 2 (pm)
Prework
d (Dur.) 0 0 0 0 0 0
D (Aft) [000] [000] [000] [000] [000] [000]
Spar
d (Dur.) -57.7-56.2 -4.4-4.6 -4.2-44 -3.9-4.8 -4.7-4.1 -71.2-69.8
D (Aft.) [-0.12.3-1.0] [000] [000] [000] [000] [-0.2-3.10.3]
Actuator
d (Dur.) -33.1-38.0 -17.8-18.4 -44.5-42.3 -4.5-4.7 -5.1-3.9 -20.9-14.6
D (Aft.) [-0.1 1.6 -0.7] [-0.2 0.1 0.6] [-0.32.40.1] [000] [000] [-0.1 -1.8 0.2]
Hinge
d (Dur.) -24.8-28.5 -9.5-8.2 -19.8-24.6 -25.4-25.7 -56.7-59.2 -19.6-15.9
D (Aft.) [-0.12.6 -1.2] [-0.2 0.1 0.6] [-0.32.40.1] [0-0.1-0.7] [0.7 2.3 -0.4] [-0.2-2.50.2]
Lower panel
d (Dur.) -63.9-69.5 -20.7-19.3 -50.8-55.7 -21.5-22.9 -62.6-67.3 -82.4-77.5
D (Aft.) [-0.1 1.7 -0.8] [-0.1 0.1 0.3] [-0.2 1.7 0] [0-0.2~-1.0 [1.13.6 -0.6] [-0.3 -4.0 0.4]
Upper panel
d (Dur.) -60.4-64.2 -18.0-17.5 -44.1-47.5 -19.0-21.0 -54.0-61.4 -79.6-71.5
D (Aft.) [01.5-0.7] [-0.100.2] [0.1-0.90] [00.10.5] [0.41.5-0.3] [0.1 1.7 -0.2]

“d (Dur.)” represents the distance measured during the assembly process. “D (Aft.) " represents the microdisplacement after the assembly process.
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