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Non-Contact on-Machine Dihedral Angle Measurement Approach Based on

Rotary Ray-Scanning Mechanism
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Abstract  The measurement of dihedral angle is one of the most important measuring tasks in geometric
measurement. Numerous and diverse angle measuring methods are proposed. However, few in-situ and automatic
measuring methods are seriously and vigorously studied. To this end, a novel and simple angle measuring method is
proposed, which is based on non-contact rotary ray-scanning mechanism. The rotary rays, emitted from a laser
displacement sensor rotates around a fixed axis, constitutes the kernel part of the measuring probe. Which is driven
to scan the surface of the workpiece. The distances from the target planes to the probe are obtained and subsequent
data analysis is applied to calculate the dihedral angle. As an optional accessory, the measurement probe can be
installed on the spindle of numerical control machine for in-situ measurements. The detailed mathematical model as
well as the associated tolerance analysis are presented and validating experiments are offered. The method can do
well in angle measuring within a nominal measuring range from 0° to 120°. The results are compared against the
relative true value offered by three-coordinate measuring machine. It is shown that the maximal error of measuring
result is 14", and relative error of the proposed approach can be lower than 0. 048% even in in-situ complex
measuring environments.
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Fig. 2 Principle figure of dihedral angle measurement
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Table 1 Result for angle measuring experiment

Measurement of Relative truth  ~ Maximum Relative
X /mm Y /mm d,/mm d,/mm . i ;
mean /(%) value /(%) error /(") error /%

371.763  —242.770 149.0948  147.9521
371.763  —230.770 150.4046  148.3028
No.l1  371.763 —219.770 151.6154 148.6193 7.9365 11.16 0.039
371.763  —206.770 153.0297  148.9996
374.463  —194.170 151.7268 152.0525
373.763  —232.570 148.2262 150.2451
373.763  —222.870 149.2849  150.5298
No.2  373.763 —202.270 151.5397 151.1256 7.9358 13.68 0.048
373.763  —192.470 152.6083 151.4010
373.763  —182.270 153.7278 151.6926
372.463  —267.570 147.1802  149.3287
372.463  —255.470 148.1140 150.2479
No.3  372.463 —235.770 149.6187 151.7487 8.7765 10.08 0.032
372.463  —222.170 150.6583  152.7993
372.463  —203.270 152.0950 154.2517
373.963  —267.470 148.6807 147.8404
373.963  —251.270 149.9242 149.0684
No.4  373.963 —230.670 151.5047 150.6482 8.7770 8.28 0.026
373.963  —214.570 152.7312 151.8866
373.963  —194.370 154.2712  153.4341
373.763  —228.970 150.1997  148.648
373.763  —218.370 151.1228 149.8074
No.5  373.763 —205.670 152.2243 151.1947 11.3098 1.08 0.026
373.763  —197.470 152.0981 152.9456
373.763  —185.770 153.3831 153.9671
373.963  —232.770 148.0382 150.0572
373.963  —225.370 148.8548 150.7083
No.6  373.963 —216.170 149.8515 151.5136 11.3075 9.36 0.023
373.963  —198.270 151.8097  153.0740
373.963  —180.770 153.7289  154.5968

7.9396

8.7793

11.3101
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