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Dynamic Behavior of Rotating Shaft System
Corresponding to Operating Modes
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Abstract

In cases of limited power supply, a rotating shaft system may not reach its operating speed that
is greater than its critical speed, but the speed oscillates with small amplitude near critical speed.
As a result, it is considered that the operating mode plays an important role in the smooth start
of machines. In order to investigate the dynamic behaviors of the rotating shaft system at the
beginning stage, one has derived the equations of motion whose degrees of freedom is three, two
translations and one rotation. The simultaneous differential equations are numerically solved by
using Runge-Kutta method, and thus the small time step length could be required corresponding
to the stability of solution. Three types of operating modes dependent upon the driving torque rate
have been numerically investigated according to the maximum displacement of shaft center. The
first type of relation is linear, the second type is composed of two linear curves recommended by
machine manufacturer, and the last one is the proposed torque curve reflecting the frequency
response curve of one degree of freedom system. For the second type of modes, it is found that
the optimal range of intermediate speed to the critical speed lies between (0.8 and (.9 In addition
to that, the maximum displacement can be reduced more if the third type of mode is utilized.
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Fig. 1 System of rotating shaft

¢ . Angle of rotation
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Fig. 2 Coordinate of rotating shaft
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Fig. 3 Operating mode of machine at start-up
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Table 1 Specification of selected machine for
numerical simulation

Mass of rotor (m) 2,000 kg
Damping ratio (¢) 0.05

Stiffness of shaft (k) 8.0x10" kN/m
Mass moment of inertia of (I) |0.80 kg - m?
Eccentricity (e) 0.0003 m
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