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ABSTRACT

For high performance rotating machinery, unstable vibrations may occur caused by hydrodynamic

forces such as oil film forces, clearance excitation forces generated by the working fluid, and etc. In

order to improve the availability one has to take into account the vibrations very accurately. When

designing a rotating machinery, the stability behavior and the resonance response can be obtained by

calculation of the complex eigenvalues. A suitable modifications of seal and/or bearing design may

effectively improve the stability and the response of a rotor system. This paper deals with the optimum

length and clearance of seals and bearings to minimize the resonance response(Q factor) and to

maximize the logarithmic decrement in the operating speed under the constraints of design variables.

Also, for an avoidance of resonance region from the operating speed, an optimization technique has

been used to yield the critical speeds as far from the operating speed as possible. The optimization

method is used by the genetic algorithm, which is a search algorithm based on the mechanics of natural

selection and natural genetics. The results show that the optimum design of seals and bearings can

significantly improve the resonance response and the stability of the pump rotor system.
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Table 2 Data for simple rotor

Shaft Impeller
Length :1m Mass 160 kg
Diameter : 4 cm Diameter : 30 cm
Journal bearing Seal
Pressure dam bearing Pressure drop : 10 bar
Clearance . 0.05 mm Length : 1 ¢cm
Length : 4 cm Clearance : (.25 mm
Diameter : 4 cm Diameter : 30 cm
Viscosity : 0.022 kg/ms Viscosity : 0.8 g/ms
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Table 3 Result of optimization (w1, w.=1)

Items Original model Optimum 1 Optimum 2
1st critical speed (rpm) 2438 .51 3469.21 2048.78
Q factor (Q)) 6.695 0.783 0.873
Logarithmic decrement (5;) 0.471 5.211 4,387
Seal clearance (mm) 0.25 0.2 0.5
Seal length (mm) 10.0 20.0 18.965
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Table 4 Data for BFP rotor

Shaft length . 2706 mm
Specific gravity(y) :0.8857x1073
Rotor weight 1491.2 kg

Number of impeller : 6
Number of seal :9

Journal bearing :

Pressure dam bearing
Viscosity : #90 45°C (VG#32)
Operating speed : 5820 rpm

Impeller diameter : 29.69 cm (1st)
36.25 cm (2nd~6th)

Head 1396.3 m (1st)
590.7 m (2nd~6th)
Flow rate 1 0.15m%/s(1st)

0.299 m3/s (2nd~6th)
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Table 5 Result of optimization{w,;, w.=1)

Items Original model Optimum model
1st(w;) (rpm) 3275.61 3193.48
Critical speed
2nd(w;) (rpm) 9631.00 9751.24
Clearance (mm) 0.078 0.075
Bearing
Length (mm) 90.0 90.212
Clearance (mm) 0.275 0.431
Center bush
Length (mm) 261.06 227.374
Clearance (mm) 0.275 0.343
Balance bush
Length (mm) 370.29 368.389
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