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A Coupled Unbalance Response Analysis
of Geared Two-Shaft Rotor-Bearing System
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ABSTRACT

A general solution method is presented to obtain the unbalance response orbit from
the finite element based equations of motion of a gear-coupled two-shaft rotor-bearing
system. Particularly, are proposed the analytical solutions of major and r:inor axis radii
of the orbit. The method has been applied to analyze the unbalance response of a 800
refrigeration-ton turbo-chiller rotor-bearing system, having a bull-pinion speed
increasing gear. The bumps of unbalance responses have been observed at the first
torsional natural frequency due to the coupling of lateral and torsional dynamics by the
gear meshing. Further, the proposed analytical solutions have been validated with
results obtained by a full numerical approach.
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Fig. 2 Schematic of a 800 RTturbo-chiller
rotor-bearing system

Fig. 3 Coupled unbalance responses at
the driver rotor system with test
unbalances attached to the motor rotor
and bull gear

Fig. 4 Coupled unbalance responses at
the driven rotor system with test
unbalances attached to the motor rotor
and bull gear
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Fig. 5 Coupled unbalance responses at
the driven rotor system with a test
unbalance attached to the compressor
impeller
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Fig. 6 Coupled unbalance responses at
the driver rotor system with a test
unbalance attached to the compressor
impeller.
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Fig. 7 Coupled and uncoupled
unbalance responses at the driver

rotor system with test unbalances
attached to the motor rotor, bull gear,
and compressor impeller.
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Fig. 8 Coupled and uncoupled
unbalance responses at the driven
rotor systemn with test unbalances
attached to the motor rotor, bull gear,
and compressor impeller
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Fig. 9 Coupled unbalance responses at
the driver rotor system with a full set
of test unbalances as obtained by the
proposed and full numerical methods
for 10 samples
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Table 1 Comparison of coupled unbalance responses at a driver speed of
3,420 rpm as obtained by the proposed and full numerical methods with

a full set of test unbalances

Coupled unbalance responses
( #m, peak-to-peak)

Error (%)
between proposed and
full numerical methods|

Full numerical method

Sample number

At bull gear

At pinion side

Sample numb
Proposed ample nurrf er per per revolution
method revolution
10 100 | 1000 | 10 | 100 | 1000
At mot
”:0 F | 577866 | 572790 | 577778 | 57.7863 | 0.8784 | 0.0152 | 0.0005
rotor
At t id
MOLOr SICCY 90585 | 92387 | 92577 | 92581 [0.2139 {00086 | 00043
bearing
At bull
' OUR BT | 21306 | 31274 | 31322 | 31322 [0.1660(00128] 0.0128
side bearing
43048 | 43781 | 43019 | 43920 |0.3800|00660| 00637
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, 03750 | 03735 | 03735 | 03735 |0.4000|04000| 0.4000
bearing
At impell :
WMPSRr o420 | 27206 | 27377 | 27377 |07805 | 0.1568 | 0.1568
side bearing
At impeller | 54708 | 54511 | 54572 | 54690 |0.3601|0.2486| 00320
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