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Rotordynamic Design of a Turbo-Chiller Compressor

Rotor-Bearing System

An Sung Lee, Dong Hwan Lee, Sang-Kyu Choi

ABSTRACT

A detailed rotordynamic design analysis is performed with a turbo-chiller compressor
rotor-bearing system. A pinion is machined into a compressor shaft and the pinion is
driven by a bull gear to a rated speed of 14,600 rpm. Utilizing a finite element mothod
each bearing loads are calculated considering various gear loadings as well as the rotor
weight itself. A Partial bearing and a 3-Lobe bearing are designed as the compressor
impeller out-board bearing and in-board bearing, respectively. Finally a complex
rotordynamic analysis of the compressor rotor-bearing system is carried out to evaluate
the system whirl natural frequencies, stabilities, and unbalance responses.
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Fig. 1 Schematic of the turbo-chiller
compressor rotor assembly.
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Fig. 2 Forces on a helical gear tooth.
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Table 1 Bearing loads depending on torque load
(96).

#1 Partial Bearing | #2 3-Lobe Bearing
Torque |Power
Load (%)| (W) Load Load Load Load
(N) | Angle " )| (N) | Angle (")
0 0 10.76 270.0 94.74 2700
25 44 621.1 205.0 2399 210.7
50 83 1238 204.6 439.0 200.0
85 150 2101 2044 726.3 195.1
100 176 2471 204.4 850.2 194.0
118 208 2915 204.3 999.3 193.1
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Table 2 #1 (out-board side) Partial bearing
geometry design data.

- Number of pads : 1

- Pad angle : 180°

- Orientation Angle @ 120°
- Film angle : 0°

- Preload/Offset : 0 mm
- Length (L) : 4575 mm

~ Diameter (D) :@ 45.75 mm

- Radial Clearance (C) :
0.057 mm

- Load angle (W) :
Depending on Torque
Load (%)
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Fig. 3 Schematic of the #1 Partial bearing.
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Table 3 Some of the design results of the #1
Partial bearing at 14,600 rpm.

Attitude Whirl Film |Oil Exit
Load | Eccen.
©6) | Ratio Angle Freq. Temp. | Temp.

() Ratio (°C) ( °C)

25 | 0.068 280.0 0.516 74.34 81.46
50 | 0134 2743 0.536 74.46 81.91
8 | 0221 268.6 0.564 74.88 82.93
100 | 0.255 265.6 0577 75.13 83.46
118 | 0.294 264.2 0.591 75.47 84.17
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Table 4 #2 (out-board side) 3-Lobe bearing

o
. 4
geometry design data. Compressor #1 Partial Bearing with 100% Load
N x - Kxx o - Kxy
- Number of pads : 3 - Diameter (D) : 38.20 mm ~ s B Y- Koy
- Pad angle : 96° - Machined Clearance (C;) : é 2
- Orientation Angle @ 42° 0.048 mm é w
- Film angle @ 48° - Load angle (W) : 8 T K\\——
- Preload offset : 0.012 mm Depending on Torque 0
- Length (L) : 2865 mm Load (%) g
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Fig. 5 #1 Partial bearing stiffness
coefficients with 100% load.
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2
Compressor #1 Partial Bearing with 100% Load
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1.5¢ - Omx +-Cyy

Fig. 4 Schematic of the #2 3-Lobe bearing.
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Table 5 Some of the design results of the #2
3-Lobe bearing at 14,600 rpm.

Attitude Whirl Film Oil Exit

Fig. 6 #1 Partial bearing damping
coefficients with 100% load.

Load | Eccen.

. Angle Freq. Temp. Temp.
0,
(%) | Ratio | (.7, Ratio | (°C) | (°C)
25 | 0076 288.1 0511 7271 78.98 S
Campressor #2 3-Lobe Bearing with 100% Load
50 | 0130 269.1 0553 | 7277 79.11 - Kae .- Kay

3 + - Kyx + - Kyy
85 | 0.199 256.2 0.591 72.89 79.37

100 | 0.223 254.4 0.603 72.95 79.50
118 | 0.249 2522 0.612 74.03 79.67
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Fig. 7 #2 3-Lobe bearing stiffness coefficients
with 100% load.
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Comp #2 3-Lobe Bearing with 100% Load
- x - Cxx o - Cxy
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Fig. 8 #2 3-Lobe bearing damping coefficients
with 100% load.
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Fig. 9 Campbell diagram of the compressor
rotor-bearing system with 100% load.
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Fig. 10 Stability map of the compressor
rotor-bearing system with 1009 load.
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With 100% Load and 3-Lobe Bearing for #2 Bearing

Unbalance Response (um, Pk. to Pk.)
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Fig. 11 Unbalance responses of the compressor
rotor-bearing system at #l1, #2 bearings and
the impeller positon with 100% load.

Impeller Response with 3-Lobe Bearing for #2 Bearing
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Fig. 12 Unbalance responses of the compressor
rotor-bearing system at the impeller position

with various loads.
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