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ABSTRACT

An implicit direct-time integration method for obtaining transient responses of general dynamic

systems is described. The conventional Newmark method cannot be directly applied to state-space
first-order differential equations, which contain no explicit acceleration terms. The method proposed

here is the state-space Newmark method that incorporates the average velocity concept, and can be

applied to an analysis of general dynamic systems that are expressed by state-space first-order

differential equations, It is also readily coded into a program. Stability and accuracy analyses indicate
that the method is numerically unconditionally stable like the conventional Newmark method, and has
a period error of 2nd-order accuracy for small damping and 4th-order for large damping and an
amplitude error of 2nd-order, regardless of damping. In addition, its utility and validity are confirmed

by two application examples. The results suggest that the proposed state-space Newmark method

based on average velocity be generally applied to the analysis of transient responses of general

dynamic systems with a high degree of reliability with respect to stability and accuracy.
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Table 1 Comparison of calculation times using
Matlab 6.5

Conventional
. . 0.0320
Proposed state-space 0.0310
Newmark
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Fig. 9 A FE model of one stage turbo-compressor
rotor-bearing system

Table 2 FE modeling data of the turbo-

compressor rotor-bearing system

1 127 38.1
2 50.8 38.1
3 76.2 63.5
4 76.2 63.5
5 50.8 38.1
6 50.8 33.1

E=20x10"N/m" p=783348kg/m’

Disk element

Disk No. | Mass (kg) | L (kg'm®) |1 (kg-m?
D1 4.536 0.0183 0.0366
D2 4536E-05 0.0000 0.0000

Bearing stiffness and damping

Bearing Kix Kyy Cxx Cyy
No. (N/m) | (N/m) | (N-s/m) | (N-s/m)
1 2.189E8 | 2.277E8 | 8.494E4 | 8.756E4
2 2.189E8 | 2.189E8 | 8581F4 | 8.581F4
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