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Abstract

In this study, a new method to identify the moment and radial stiffness and damping coefficients
of isotropic bearings in a spindle-bearing system with incomplete mode shapes is proposed. A
complete relationship between the bearing reactions and the incomplete mode shapes is construct-
ed in the form of a system of linear equations by using the transfer matrix method based on
Timoshenko beam theory including the internal damping of beam material. In essence, the
bearing coefficients are straightforwardly identified without any iteration from the system of
linear equations. But, where inaccuracies of measured data produce unreasonable bearing coeffi-
cients, the linearization method is used to solve a constrained minimization problem to attain
reasonable bearing coefficients. An experiment on a spindle-bearing test model reveals the
usefulness of the proposed method.
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Table 1 Specification fo spindle in test model Table 3 Comparison of modal parameters
Material S45C Measured Predicted
Segment Outer diameter Length Undamped natural 739.9Hz 731.4Hz
number (mm) {mm) frequency
1 32.0 40.0 Damping ratio 0.0397 0.0474
2 8.0 40.0 Model shape 0.1762+70.5787 | 0.1371+70.5961
3 70.0 10.0 (am/N) |z | 0.0479+/0.4350 | 0.0993+70.4157
4 45.0 15.5 x5 | -0.00590.0045 | -0.0238~70.1015
5 40.0 9.5 | e | 0.0139-70.0269 | 0.0100— 70,0297
6 40.0 40.0
7 30.0 40.0
8 30.0 72.0 7heh7) Slsted Al4% 2HguEe Table 304
. o o ¥ 4 9ok 59 239 23UE4, B4 5
: : hJ 1o o E 3 _C_Q_ B
1 900 16.9 2 72 =z coid 4 imodal parameter) & X
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Table 4 Identified bearing coefficients

Front bearing Radial stiffness coefficient K, 235.8MN/m
Radial damping coefficient ) Cr, 5.062kNs/m
Moment stiffness coefficient K, 77.08kNm/rad
Moment damping coefficient Coy 5.310Nms/rad

Rear bearing Radial stiffness coefficient K, 87 60MN/m
Radial damping coefficient Cr, 0.025°kNs/m
Moment stiffness coefficient Ka, 33.71kNm/rad
Moment damping coefficient Cn, 12.18Nms/rad

* denotes nonsignificant value
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