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Identification of Linear and Nonlinear Dynamic Stability Characteristics
of a Medium-size High-speed Turbocharger Rotor Supported
by 3-lobe Bearings
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ABSTRACT

In this study linear and nonlinear dynamic stability characteristics of a medium-size high-speed

turbocharger, whose rotor is supported by two 3-lobe journal bearings, are analyzed to evaluate and

identify the effects of its bearing design variables. The rotor has the rated speed of 40,500 rpm and

maximum continuous speed of 45,000 rpm. At first,

utilizing the linear stability analysis method,

bearing designs of yielding stable or unstable LogDecs as small as possible are searched by manipu-

lating with machined bearing clearances and preloads. As next, utilizing the nonlinear analysis meth-

od, limit cycles of the rotor responses at the rated and maximum continuous speeds are simulated to

check their acceptances.

Results have shown that for the turbocharger rotor-bearing system consid-

ered, the 3-lobe journal bearing design with a smaller machined clearance and a larger preload are

preferred for the stable rotor responses. More importantly, since there exists a good correlation be-

tween the linear and nonlinear stability analysis results, it is concluded that firstly the linear stability

analysis method may be applied to screen quickly the ranges of bearing designs for stable or least

unstable solutions and then, lastly the nonlinear stability analysis method may be deployed to check

an absolute motion stability in terms of the limit cycle.
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Fig. 1 Outline and equivalent FE rotordynamic anal-
ysis model of a medium-size 1,500 kW class
turbocharger rotor for diesel engine applica-
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3 Loke Bearing, Turbine Side for Turbo Charger with Load 205.5 M Down
Bearing Cia. = 36 mm, Machined CIr. = 0.050 mm, Preload = 0.025 mm
Rated Speed = 40500, Lubicant: SAE 100W-50
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Fig. 3 Typical generated pressure file of the bearing at 40,500 rpm
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Fig. 4 Campbell diagram of the turbocharger rotor
for the reference bearing design

Unbalance response with rpm (Turbo-Charger)

R
i
40500rpm

5] @
T
—_—

IS

Rated speed lind

2]

Amplitude (Pk.-Pk. pm)

8]

Rotational speed (RPM) o

Fig. 5 Unbalance response of the turbocharger rotor
for the reference bearing design
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Fig. 6 Stability diagram of the turbocharger rotor for
the reference bearing design
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Table 1 LogDecs at 40,500 rpm of the turbocharger
rotor, depending on the key bearing design

variables
Machined Assembled
clearance Preload clearance 1st LogDec
(nm) (pm)
50 0.500 25 -0.41
60 0.417 35 -1.03
60 0.333 40 -1.43
60 0.250 45 -1.78
50 0.300 35 -1.39
55 0.364 35 -1.20
65 0.461 35 -0.90
70 0.500 35 -0.79
60 0.500 30 -0.62
60 0.167 50 -2.06
50 0.600 20 -0.04
50 0.400 30 -0.90
45 0.300 31.5 -1.27
45 0.400 27 -0.76
45 0.500 22.5 -0.29
45 0.600 18 0.01

Effect of Preload on Rotor Stability at 40500 rpm
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Fig. 7 LogDec stability vs. preload at different ma-
chined bearing clearances at the rated speed
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Fig. 8 Stability diagram of the turbocharger rotor for
the stable case with a machined bearing
clearance of 45 ym and a preload of 0.6

Effect of Machined Clr on Rotor Stablllty at 40500 rpm
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Fig. 9 LogDec stability vs. machined bearing clear-
ance at a fixed assembled bearing clearance
of 35 um and at the rated speed
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Fig. 10 (a) Transient response at the turbine impeller position at the rated speed with G5.0 unbalance
and (b) frequency ratio of the limit cycle - the unstable case
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Fig. 11 Transient responses: (a) at the compressor bearing and (b) the turbine bearing positions at the
rated speed with G5.0 unbalance - the unstable case
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Fig. 12 Transient responses : (a) at the compressor bearing and (b) the turbine bearing positions at MCS
with G5.0 unbalance - the unstable case
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(a) at the compressor bearing and (b) the turbine bearing positions at the

rated speed but with G1.0 unbalance - the unstable case
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Fig. 14 Transient responses (a) at the compressor bearing and (b) the turbine bearing positions at the rat-
ed speed with G5.0 unbalance - the stable case
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