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shows the contact stiffness of bolted joint with different material combination is proportional to 
the corresponding equivalent modulus. According to the stiffness influential factors-based 
modeling method, a series of specimens with different contact size, material, roughness and 
pre-tightening torque are manufactured. After the impact modal test and parameter identification, 
the stiffness matrices of bolted joints with the material combinations of HT250-HT250, 
HT250-45# and 45#-45# are obtained. It is not difficult to find the ratios of stiffness matrices of 
the three material combinations are equal to the ratios of the corresponding equivalent modulus. 
It indicates the relationship of contact stiffness of bolted joint with different material combination 
developed in this paper is reliable. Finally, the model of the beam-rail bolted connected long beam 
and the bed-column bolted connected block structure are presented to show application of the 
proportional relationship. The reliable relationship of stiffness matrices of bolted joint with 
different material combination can reduce the size of stiffness matrix database significantly and 
provide a great convenience to the application of the stiffness influential factors-based modeling 
method of bolted joint in machine tools. However, it is well-known that there are many isotropic 
materials used in machine tools except the two materials studied in this study, the proportional 
relationship is worth to validate on the bolted joint with other different material combinations. 

Table 5. Mode shapes of the bed-column bolted connected block structure 

Order Experimental mode 
shapes 

Analytical mode shapes ܭ௝ = ௝ܭ ௜ு்ିு்ܭ = ௝ܭ ௜ு்ିସହ/1.35ܭ =  ௜ସହିସହ/1.75ܭ
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Appendix 

The identified stiffness matrix of bolted joint whose contact size is 80 mm×90 mm: 

௜ܭ = ൤ ௜ᇱܭ ௜ᇱܭ−௜ᇱܭ− ௜ᇱܭ ൨, 

௜ᇱܭ =
ێێۏ
ێێێ
ێێێ
ۍێێ

1.7݁9 5.7݁5 4.2݁7 9.2݁8 1.3݁5 8.3݁6 4.2݁8 −6.3݁5 4.2݁6 9.2݁8 −1.1݁5 2.1݁75.7݁5 1.7݁9 4.3݁7 −1.2݁5 9.2݁8 2.1݁7 −6.3݁5 4.2݁8 4.7݁6 1.3݁5 9.2݁8 8.5݁64.2݁7 4.3݁7 5.8݁9 −8.3݁6 2.4݁7 2.9݁9 −4.6݁6 −4.7݁6 1.5݁9 2.3݁7 −8.5݁6 2.9݁99.2݁8 −1.2݁5 −8.3݁6 1.7݁9 −6.3݁5 −4.2݁7 8.3݁8 1.1݁5 −2.1݁7 4.6݁8 5.7݁5 −4.6݁61.3݁5 9.2݁8 2.4݁7 −6.3݁5 1.8݁9 4.7݁7 −1.3݁5 8.3݁8 9.4݁6 6.3݁5 4.6݁8 4.3݁68.3݁6 2.1݁7 2.9݁9 −4.2݁7 4.7݁7 5.8݁9 −2.3݁7 −9.4݁6 2.9݁9 4.6݁6 −4.3݁6 1.5݁94.2݁8 −6.3݁7 −4.6݁6 8.3݁8 −1.3݁5 −2.3݁7 1.7݁9 5.7݁5 −4.2݁7 9.2݁8 1.3݁5 −9.2݁6−6.3݁5 4.2݁8 −4.7݁6 1.1݁5 8.3݁8 −9.4݁6 5.7݁5 1.7݁9 −4.3݁7 −1.1݁5 9.2݁8 −2.4݁74.2݁6 4.7݁6 1.5݁9 −2.1݁7 9.4݁6 2.9݁9 −4.2݁7 −4.3݁7 5.8݁9 9.2݁6 −2.1݁7 2.9݁99.2݁8 1.3݁5 2.3݁7 4.6݁8 6.3݁5 4.6݁6 9.2݁8 −1.1݁5 9.2݁6 1.7݁9 −6.3݁5 4.6݁7−1.1݁5 9.2݁8 −8.5݁6 5.7݁5 4.6݁8 −4.3݁6 1.3݁5 9.2݁8 −2.1݁7 −6.3݁5 1.7݁9 −4.3݁72.1݁7 8.5݁6 2.9݁9 −4.6݁6 4.3݁6 1.5݁9 −9.2݁6 −2.4݁7 2.9݁9 4.6݁7 −4.3݁7 5.8݁9 ۑۑے
ۑۑۑ
ۑۑۑ
ېۑۑ
. 
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