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Rotor Dynamic Analysis of the High Speed Centrifugal Chiller

Joon Keun Lee+ and Yong Suk Park++
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Abstract A rotor dynamic analysis is implemented to confirm the vibration stability of the high speed centrifugal
chiller coupled with gear system. As the rotating speed of the centrifugal chiller under investigated is increased up to
17,605 rpm at the pinion rotating part, the bearing instability is getting higher and, furthermore, the rotor-bearing
system might experience a few critical speed which lead to system failure due to the excessive vibration. In this study,
considering the loading capacity and stability conditions, offset journal bearings are adopted for the pinion rotating
system and general cylindrical bearing are used for motor part. From the modal analysis, the system is found to be
stable as the synchronous rotating frequency does not come across with any whirl natural frequency and, in addition,
the critical damping ratio which shows the damping characteristics of the system are positive over the all operating
ranges. From these results the authors confirm the vibration stability of the rotor-bearing system suggested in this study.
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Figure 2. Schematic plain journal bearing for motor part
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Figure 3. Schematic of the cylindrical journal bearing
having two journal pad

Figure 4. Schematic of the offset journal bearing
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Figure 5. Present offset journal bearing

Table 1. Geometry of the present plain and offset journal
bearing

Plain Journal Offset Journal
Bearing Bearing
Length/Diameter (L/D) 0.5 0.86
Clearance/ Radius (¢/R) 0.0015 0.0029
Offset distance Ratio (d/c) 0 05
Pad angle (Deg) 160 160
No. of Pad 2 2
Oil viscosity (Pa.S) | 0.05264(25°C) | 0.05264(25°C)

Figure 6. Schematic of the plain cylindrical journal
bearing

Table 2. Bearing loads and directions due to the gear
load

Motor Part Pinion Part
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(a) Motor rotor part

LG CABLE - 2600 UNIT GEAR BEARINGS - 2-PAD PLLAIN BEARING CONFIGURATION

%

Contours: Pressurs  Deformation: Pressure
Output Set Eccentricty Rato 1 6181

(b) Bull gear part

Figure 7. Pressure contours of the bearings at the motor
driver part
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(a) Pinion gear part
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(b) Impeller part
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Figure 8. Pressure contours of the bearings at the pinion
driven part
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Figure 9. Stiffness coefficients of the journal bearing
W.R.T. eccentricity ratio
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Figure 10. Damping coefficients of the journal bearing
W.R.T. eccentricity ratio
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Figure 11. Finite 2-Dimensional Beam Element
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Figure 12. 1* mode shape of the motor driver part at
3,560 rpm(natural Freq.: 2,349 rpm, critical damping ratio : 0.73)
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Figure 13. 1* mode shape of the pinion driven part at

17,605 rpm(natural Freq.: 7,315rpm, critical damping
ratio : 0.85)
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Figure 14. Unbalance response of the motor driver part
at the bearing locations
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Figure 15. Unbalance response of the pinion driven part
at the bearing locations
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