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Abstract

In view of the problem of large error in measuring bearing coaxiality by three-dimensional coordi-
nate measuring machine, by studying the measurement method and calculation principle of three-
dimensional coordinate measuring machine, the reasons for the large measurement error caused
by three-dimensional coordinate measuring machine were analyzed. Based on this, a new mathe-
matical model of bearing coaxiality error is established. In order to solve the problem of measure-
ment error of bearing parts by using a three-dimensional coordinate measuring instrument, an im-
proved particle swarm optimization algorithm was used to evaluate the model. The results show
that the optimized layout of measuring points with different dimensions can reflect the bearing
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surface characteristics more comprehensively. Through the numerical optimization of inertia weight
and learning factor in particle swarm optimization, the efficiency and accuracy of searching bearing
coaxiality error are improved.
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Figure 1. Mathematical model of a bearing cylinder
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Figure 2. Cross-Section of the cylindrical plane to be measured
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Figure 3. (a) Three-Dimensional diagram of the Rastrigin function; (b) Three-Dimensional diagram of the Ackley
function; (c) 3D diagram of Griewank’s function; (d) 3D diagram of the Rosenbrock function
3. (a) Rastrigin BRI =4EE; (b) Ackley ¥ =H#EE; (c) Griewank BRI =4EE; (d) Rosenbrock &R =4
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Figure 4. Inertia weights vs. the number of iterations
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Table 2. Improved particle swarm algorithm parameter setting values
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Table 3. Test function results
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Figure 5. Flow diagram of the IPSO algorithm
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Figure 6. Flow chart of the CMM measurement experiment
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Table 4. Data for reference cylindrical profile measurement points

4. HERTEEELERN = BIE

P X Y z 5 X Y z
1 31.0014 0.0005 -8.0011 11 25.084 -18.2215 —1.9985
2 25.0797 18.2203 —8.0003 12 9.5827 —29.4829 -1.9995
3 9.5809 29.48 —8.0008 13 -9.578 —29.4789 -1.9985
4 —9.5744 29.4758 —8.0008 14 —-25.0724 -18.2154 -1.999
5 —25.068 18.213 -7.9997 15 -30.9874 0.0004 -1.9994
6 -30.9865 0.001 -7.999 16 —25.0696 18.2143 -2.0011
7 -25.0738 -18.2174 ~7.9982 17 -9.576 29.4769 —2.0009
8 —9.5768 —29.4812 -7.9991 18 9.5792 29.4796 —2.0008
9 9.5814 —29.4835 —7.9985 19 25.0795 18.2196 —2.0005
10 25.0825 -18.2212 —7.999 20 31.0027 0.0009 -1.9978
Table 5. Measured data of the measured cylindrical cross-section profile
= 5. N EAEE S E LN S S
NO X Y V4 NO X Y V4
1 19.9956 0.0006 -8.0011 21 19.995 0 -1.9983
2 16.1752 11.7548 -8 22 16.1763 11.7528 —2.0002
3 6.1773 19.0183 —7.9984 23 6.1788 19.0164 —2.0003
4 —6.179 19.0174 -7.9991 24 —6.1788 19.0164 -1.9995
5 -16.1768 11.7533 -7.9991 25 -16.1763 11.7528 -1.9989
6 -19.9952 0.0003 -7.9991 26 -19.995 0 -1.9995
7 -16.1765 -11.7536 ~7.9986 27 -16.1763 -11.7528 -1.9995
8 —6.1783 -19.0173 —7.999 28 —6.1788 -19.0164 -1.9998
9 6.1809 -19.0169 —7.9996 29 6.1788 -19.0164 -1.9996
10 16.1774 -11.7519 ~7.9995 30 16.1763 -11.7528 -1.9992
11 16.1782 -11.7537 —7.9983 31 16.1763 -11.7528 -1.9983
12 6.1803 -19.017 —8.0002 32 6.1788 -19.0164 —2.0001
13 -6.1792 -19.0159 —8.001 33 —6.1788 -19.0164 —2.001
14 -16.1759 -11.7524 —7.9991 34 -16.1763 -11.7528 -1.9991
15 -19.9947 0.0008 —7.9986 35 -19.995 0 -1.9986
16 -16.1781 11.7546 —7.9993 36 -16.1763 11.7528 -1.9995
17 —6.1789 19.0178 —7.9992 37 —6.1788 19.0164 -1.9998
18 6.1781 19.0166 —7.9998 38 6.1788 19.0164 -1.9998
19 16.1755 11.7529 —7.9994 39 16.1763 11.7528 -1.9994
20 19.9974 0.0006 -7.9993 40 19.995 0 -1.9995
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Table 6. Error calculation table of the improved particle swarm optimization algorithm
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Figure 7. Measurement error normal histogram
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