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ABSTRACT

A rotordynamic analysis was performed with a dry vacuum pump, which is a major equipment in modem
semiconductor and LCD manufacturing processes. The system is composed of screw rotors, lobes picking air,
helical gears, driving motor, and support rolling element bearings of rotors and motor. The driving
motor-screw rotor system has a rated speed of 6,300rpm, and was modeled utilizing a rotordynamic FE method
for analysis, which was verified through the results of its 3-D finite element model. As loadings on the
bearings due to the gear action were significant in the system considered, each resultant bearing load was
calculated determinately and indeterminately by considering the generalized forces of the gear action as well as
the rotor itself. Each resultant bearing loading was used in calculating each stiffness of rolling element
bearings. Design goals are to achieve wide separation margins of critical speeds and favorable unbalance
responses of the rotor in the operating range. Then, a complex rotordynamic analysis of the system was
carried out to evaluate its forward synchronous critical speeds, whirl natural frequencies and mode shapes, and
unbalance responses under various unbalance locations. Results show that the entire system is well designed in
the operating range. In addition, the procedure of rotordynamic analysis for dry vacuum pump rotor-bearing
system was proposed and established.
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Fig. 1 Schematic drawing of screw rotors of the dry
vacuum pump

Fig. 2 Operation principle of air picking
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Fig. 4 Rotordynamic FE model of X rotor excluding lobe
(D1~D6 : Equivalent concentrated mass & inertia)
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Fig. 5 Full FE model of X screw rotor including lobe &
gear {D1~D9 : Equivalent concentrated mass &
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Fig. 6 Full FE model of Y screw rotor including lobe &
gear (D1~D16 : Equivalent concentrated mass &
inertia)
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Table 2 Results of bearing stiffness and damping

X screw rotor Y screw rotor
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Fig. 9 Forward synchronous critical speeds for X screw
rotor
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Table 3 Test unbalance and its applied location

X screw rotor Y screw rotor
Unbalance Screw part Motor-core
Location Unbalance . Unbalance .
(g.mm) Location Location
(g.mm) (g.mm)
2665 D5 53.7 D13
Case I 24 D5 D5, DI3 - in phase
D2, D8 D10,D16
Case I 1262 ir11)2,h258e 133.25 in phase %85 in phase
P D2, D8, DI0, D16 : in phase
D2, D8 %65 | D5 | 53.7 | D13
Case Il 1262 out of phase D5, DI3 : out of phase
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Fig. 17 Unbalance response of X screw rotor for Case il
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