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Rotordynamic Analysis of a Turbo-Chiller with Varying Gear Loadings
Part 1 : A Driving Motor-Bull Gear Rotor-Bearing System
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ABSTRACT

A rotordynamic analysis is performed with a motor-bull gear rotor system supported on
two partial bearings, which is intended to drive a high-speed turbo-chiller compressor
impeller shaft through its built-in pinion gear. The motor-bull gear rotor system has a
rated speed of 3,600 rpm, and is modeled utilizing the finite element method for analysis.
As loadings on the bearings due to the gear action are significant in the system
considered, each resultant bearing load is calculated statically by considering the
generalized forces of the gear action as well as the rotor itself. The two support partial
bearings are designed to take their varying loads along with their varying load angles, and
they are also analyzed to give their rotordynamic coefficients, Then, a complex
rotordynamic analysis of the motor-bull gear rotor-bearing system is carried out to
evaluate its whirl natural frequencies and mode shapes and unbalance responses under
various loading conditions. Results show that the bearings and entire rotor system are well
designed regardless of operating conditions, i. e., loads and operating speeds.
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Fig. 1 Structure of the entire turbo-chiller rotor
system
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Fig. 2 (a) The driving motor-bull gear rotor-
earing system
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Fig. 2 (b) An equivalent finite element model
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Table 2 Geometry design data of the motor side
partial bearing

- Number of pads : 1

- Pad angle : 180°

- Orientation angle : 245°
- Film angle : 0°
Preload/Offset : 0 mm
- Length(L) : 41.30 mm

- Diameter(D) : 88.67 mm

- Radial clearance(C) :
0.080 mm

- Load angle(W) :
Depending on torque
Load (%)

Motor side
bearing

Buil gear side

Load | Power bearing

% (kW) Load Load
! R | amele | S| anale

0 0 1,735 270 6825 90.0

25 | 44 | 1658 | 281 | 1366 | 141

50 88 1,641 292 2,365 154

85 150 1,719 307 3,836 161

100 176 1,786 313 4,475 162

118 208 1,889 319 5,244 163

Motor Side Bearing

Fig. 4 Schematic of the motor side partial bearing
with its varying loading angles

FRLSUSSEHHX/A 9 B A 3 &, 19999 /595



g% 7l Table 29 Fig. 491 JElY 9t} Fig, 4]
M oMol f5el R WE AANFY A§A=
g Testol HolA Utk Table 3lE FASE

Table 3 Design results of the motor side partial
bearing at 3,600 rpm

. Film | Oil exit
(3] s fr:g it A
0 0.66 0.32 723 847
25 0.56 0.07 69.4 789
50 0.49 0.08 679 76.1
85 0.45 0.22 66.8 740
100 | 045 0.25 66.4 735
118 | 045 0.29 66.1 730
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Fig. 5 Stiffness coefficients of the motor side partial
bearing with 100% load

x108

Bearing Damping (N-/m)

N
] /, |

0 500 1000 1500 2000 2500 3000 3500 4000

Rotating S8peed (rpm)

Fig. 6 Damping coefficients of the motor side
partial bearing with 100% load
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Table 4 Geometry design data of the bull gear side
partial bearing

- Diameter(D) : 75.89 mm

- Radial clearance (Cp)
0.070 mm

- Load angle(W) :
Depending on torque
Load (%)

- Number of pads : 1

- Pad angle : 180°

- Orientation angle : 50°

- Film angle : 0°

- Preload offset : 0 mm
- Length(L) : 56.70 mm

Bull Gear Side Bearing

Fig. 7 Schematic of the bull gear side partial
bearing with its varying loading angles
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Table 5 Design results of the bull gear side partial
bearing at 3,600 rpm

; Film Oil exit
@ | "ot | meq ratio | omB | leme
0 0.23 0.49 65.5 71.0
25 0.17 0.42 63.8 68.4
50 0.27 0.43 63.8 68.5
85 0.39 0.44 63.9 68.9
100 0.43 0.44 64.0 69.3
118 0.47 0.44 64.2 69.7
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Fig. 8 Stiffness coefficients of the bull gear side
partial bearing with 100% load
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Fig. 9 Damping coefficients of the bull gear side
partial bearing with 100% load
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Fig. 10 1st mode shape and whirl natural frequency
at 3,600 rpm with 100% load

Rotating Speed (rpm) : 3,600
Whirl Naturel Freq. (rpm) : 2,205
Log Decrement : 0.51

- e

Solid Line : Vertical Mode
Dashed Line : Horizontal Mode

Fig. 11 2nd mode shape and whirl natural frequency
at 3,600 rpm with 100% load
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Fig. 12 3rd mode shape and whirl natural frequency
at 3,600 rpm with 100% load
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Fig. 13 4th mode shape and whirl natural frequency
at 3,600 rpm with 100% load
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Fig. 14 Unbalance responses over the full operating
speed with 100% load
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Fig. 15 Unbalance responses at the motor side
bearing position over the full operating
speed with various load conditions
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