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Precise Stiffness Matrix Modeling of Irregular Complex Component Based on
Multiple Linear Regression and According Test
ZHANG Yanfei LI Chunxia,GONG Jinliang*
(School of Mechanical Eng. ,Shandong Univ. of Technol. ,Zibo 255049 ,China)
Abstract ; The traditional stiffness analysis method can only get the analytical stiffness expression of the regular structure. But for the ir-
regular components, it should be simplified as many parts of certain regular component. The accuracy of stiffness matrix is reduced due
to over-simplification. In order to optimize the mechanical system parameters based on stiffness, it is necessary to solve the problem of
normalized stiffness matrix of irregular components. Taking the U-shape axis in 3-URS ( U-hooke joint, R-revolute joint, S-spherical
joint ) parallel mechanism as an example , the method for solving stiffness matrix of the complex component was proposed based on multi-
ple linear regression theory. Each element of the stiffness matrix was considered as a regression coefficient. Multiple sets of force and
displacement pairs were obtained by adopting ANSYS software and then used to solve the regression coefficients based on multiple linear
regression analysis. The regression coefficients were arranged in a form of 6 x 6 stiffness matrix and it was mainly used for superposition.
In order to reduce the computational difficulty and improve the computational efficiency, t-test was applied on every regression coeffi-
cients and those non-significant variables would be eliminated to simplify the equation form with a certain precision. Then F-test and
goodness of fit test were both performed on the simplified results to verify the regression effect. Finally,the method was applied to solve
the stiffness matrix of U-shaped axis complex element. Twenty four sets of sample data were obtained by the experiment method. The 6 x
6 stiffness matrix of regression coefficients were computed based on multiple linear regression theory. The partial matrix elements be-

came zero after the t-test. Finally, the stiffness matrix of the mechanism was obtained after F-test and goodness of fit test. The accuracy
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of the method was verified by comparing the deformation values computed by ANSYS analysis and calculated by the stiffness matrix un-

der the same external forces. The results showed that the maximum error is only 0. 11% .

Key words:irregular component ;stiffness matrix ;multiple linear regression;synthetic test
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Fig.1 Flow chart of rigid matrix analysis based on

multiple linear regression method
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Tab.1 Datum of the force and deformation
e Sl VA ST VAT 7 VAR AT 7 AT 2 LS 7 A 7
N (N - m) 107 m 107 m 107 m 1073 10°¢ 10°¢
1 10 10 10 000 3.922 1 3.293 7 2.4311 2.07117 3.6820 -50. 166
2 10 20 10 000 4.662 7 5.942 0 2.429 2 2.070 0 3.6770 —-68.409
3 10 10 20 000 3.923 2 3.2919 4.863 0 4.143 3 7.368 0 -50.178
4 20 10 20 000 7.103 5 3.9390 4.864 3 4.1452 7.372 0 —82.086
5 000 10 10 10 -191.66 -94.329 132.95 126. 80 920.70 4694.1
6 000 10 20 10 -191.64 -94.354 149.43 117.09 1815.7 4694.0
7 000 20 10 10 -191.56 -94.420 249.49 263.43 946. 30 4693.1
8 000 10 10 20 —-383.42 —-188.54 132.88 126.70 920. 60 9 389.0
9 000 20 20 10 -191.54 -94.445 265.96 253.72 1841.2 4693.0
10 000 10 20 20 —-383.41 -188.57 149.36 116.99 1815.7 9 388.9
11 00 10 10 20 10 -191.64 -94.356 151.86 119.17 1819.3 4694.0
12 000 10 20 20 -245.20 -128.21 -283.39 -4.649 6 -87.799 6.093 0
13 00 10 10 20 10 -153.02 -33.854 -96.045 -2.779 8 —43.890 3.050 6
14 10 15 20 10 10 20 —247.49 -116.65 -3235.6 -4.163 6 —87.062 6.237 3
15 10 20 15 15 15 20 -277.45 -84.185 -3002.1 -4.3885 —86.968 6.234 6
16 20 15 20 10 20 10 —-148.81 -27.568 -88.47 -2.707 7 —42.668 3.360 3
17 10 20 15 20 10 10 -220.84 45.695 -134.74 -2.299 2 -43.053 3.194 0
18 20 10 15 15 15 20 -279.44 -86.177 -2977.8 -4.364 3 —86.656 6.410 6
19 20 15 10 15 20 20 -275.19 -87.819 -275.13 -4.583 4 -86.570 6.405 3
20 20 15 15 10 20 10 -148.29 -28.085 -88.563 -2.706 8 -42.668 3.360 3
21 15 15 20 10 10 20 -247.17 -11.633 -321.98 -4.147 8 —-86.820 6.319 3
22 15 15 15 20 10 10 -221.84 44.699 -133.53 -2.2871 -42.897 3.2820
23 15 10 15 10 20 30 -336.37 -216.38 -464. 82 -6.469 4 —130. 81 9.369 3
24 20 20 10 20 10 10 -219.68 45.825 -131.69 -2.266 8 -42.570 3.3579
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Tab.3 Multiple correlation coefficient R’

178 K, 17 K, v K, 11 K, 17 K 17 K, 11
R 0.999 1 0.998 8 0.998 6 0.999 9 0.999 9 0.999 9
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Tab.4 Results of ANSYS a

nalysis and theoretical calculation
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