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ABSTRACT

In this paper, the effect of oil conditions in rotor dynamic behaviors of a FFRB (Fully-Floating Ring Bearing) is investigated.
Through the characteristic of a FFRB has two films, it has several advantages such as less friction loss and better stability over
a wide speed range. However, it is difficult to supply a oil to the inner film. Thus, turbocharger makers have been paid
significant attention to the lubrication of a FFRB because of its importance. This work focuses on the influence of oil inlet
pressure and temperature. The methodologies of computational simulation and experimental test were used to estimate the rotor
dynamic behaviors. In experimental test, the single-scroll turbocharger for the 1.4L diesel engine was used. The results show
that the oil inlet pressure and temperature will place considerable influence on the rotor response. Oil conditions affect RSR
(Ring Speed Ratio) which is cause of sub-synchronous vibrations, which also cause of oil whirling and whip even a critical
speed. At higher speed range, the phenomenon of self-excited vibrations which is cause of instability of fluid whirl is
investigated through the orbit shapes that consist of small orbit and large amplitude orbit. It is shown that some performance
of a FFRB can be controlled by the conditions of oil supply. Finally, it was revealed that the oil induced operating conditions
will strongly affect the turbocharger rotor dynamics behaviors.
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Fig. 1 Layout of the center housing and rotating assembly of an
automotive turbocharger
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Fig. 5 Two—plane low-speed balancing of the compressor wheel
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Fig. 7 Displacement transducer mounted in X, Y orthogonal
configuration (a) Compressor side (b) Rotor center (c) Turbine side
(d) 3D geometry

Fig. 8 Set up of a gas-bench (test bench)

Table 1 Qil inlet conditions for testing the shaft motion

Qil inlet pressure
300 kPa (£5 kPa)

Oil inlet temperature
BT (£57T)

Temp.:

Pressure: 100 kPa (£5 kPa)

Temp.:

Pressure: 200 kPa (£5 kPa)

Temp.:

Pressure: 300 kPa (£5 kPa)

Temp.:

Pressure: 400 kPa (£5 kPa)

Ol | & | W | DN

Pressure: 500 kPa (£5 kPa)
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Fig. 9 Computational model of the turbocharger rotor
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Campbell Diagram
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Fig. 10 Campbell diagram of the turbocharger rotor
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Fig. 11 Computed transient vibration modes of the rotor at various
rotor speeds
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Fig. 14 Orbital shape during the transition between the instability
threshold (small orbits in the middle of the journal) and limit cycle
of self-excited fluid whirl vibration(large amplitude orbit)
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Fig. 17 Measured inner oil whirling speed ratio vs. rotor speed and
oil inlet temperature
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Fig. 18 Measured outer oil whirling speed ratio vs. rotor speed and
oil inlet temperature
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Fig. 19 Measured inner oil whirling speed ratio vs. rotor speed and
oil inlet pressure
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Fig. 21 Dynamic behaviors of a turbocharger rotor vs. rotor speed
and oil inlet temperature
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