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Abstract: To investigate the influence of journal temperature distribution on thermally-induced
synchronous vibration instability (Morton effect) in high-speed overhung rotor-bearing systems,
this study establishes a three-dimensional transient thermal bending response model and proposes
a novel instability threshold criterion. First, three-dimensional transient thermofluid dynamic
calculations are performed for the sliding bearings, considering the cavitation effect and
temperature-viscosity effect. A dynamic mesh model is used to simulate the journal whirl under
different operating conditions, obtaining the circumferential and axial temperature distributions
on the journal surface. Then, three-dimensional solid and one-dimensional beam element finite
element models are employed to calculate the thermal deformation and dynamic characteristics of

the rotor, respectively. Finally, the established model is validated using experimental test results. The
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study results indicate that compared to converging whirl and circulating whirl, the diverging whirl

generates a greater circumferential temperature difference. At a speed of 10 000 r/min. the

circumferential temperature difference reaches 25 K. The closer the circumferential temperature

distribution curve of the journal surface is to a sine wave, and the longer the axial length of the

high-temperature region on the journal, the greater the thermal imbalance of the rotor. The

proposed instability threshold criterion can accurately determine the maximum working speed of

the rotor-bearing system, improving it by 7. 2% compared to traditional criteria that avoid 10%

of the critical speed. This research provides theoretical guidance for the analytical design of high-

speed cantilever rotor-bearing systems.

Keywords: Morton effect; rotor-bearing system; rotor thermal deformation; vibration instability
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Fig. 1 Schematic diagram of a sliding bearing configuration
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Fig. 2 Schematic diagram of hot, cold, and high points of

journal synchronous vortex motion

2 =R S e o AR AR

2.1 HEEBERAE
AR SCH T FE X RN B I i ML TRl R R 48
Z %3k 26 JIR B T T RURES M B PR S 0. B
TR B R R AR 3 iR, o DE AR 5K 3h
¥t » NDE X3 35 38 3l 35 . NDE il & Sy [ 2 5 2l %l
K. R 14 W T NDE i & F1E 8 il 6% 1S 8.
B R ) Bl 7 R R BRI EE TR AT S RN 2.5k 3
Fi7s
DE #fi7k

el

CEG
.
\

NDE ik

M%

K3 A e -l R OR B R
Fig. 3 Schematic diagram of high-speed cantilevered

rotor-bearing system
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Table 1 NDE bearing and lubricant physical properties
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Table 2 Bearing dynamic characteristics coefficients
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configuration
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unbalance criteria schematic in API 612
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Table 4 Unbalance caused by temperature difference of rotor journal
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(remin ") pm (kg * mm) pm (kg « mm) (kg * mm)
4000 0.6 0.05 35.4 2.97 3.02
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8 000 0.6 0. 05 22.6 1. 90 1.95
8 000 2.0 0.17 27.6 2.32 2.48
8 000 5.0 0.42 21.9 1. 83 2.25
8000 8.0 0.67 18.3 1.53 2.20
10 000 0.6 0.05 59.6 5.00 5.05
10 000 2.0 0.17 85.1 7.14 7.31
10 000 5.0 0.42 94.0 7.89 8.31
10 000 8.0 0.67 91.5 7.68 8.35
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