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Subsynchronous Vibration Behavior of Turbocharger
Supported by Semi Floating Ring Bearing
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ABSTRACT

The small turbocharger for the automotive application is designed to operate up to 200,000 rpm to increase system efficiency.
Because of high rotation speed of turbocharger, floating ring bearing are widely adopted due to its low friction loss and high
rotordynamic stability. This paper presents a linear and nonlinear analysis model for a turbocharger rotor supported by a
semi-floating ring bearing. The rotordynamic model for the turbocharger rotor was constructed based on the finite element
method and fluid film forces were calculated based on the infinitely short bearing assumption. In linear analysis, we considered
fluid film force as stiffness and damping element and in nonlinear analysis, the fluid film force was calculated by solving the
time dependent Reynolds equation. We verified the developed theoretical model by comparing to modal test results of test
rotors. The analysis results show that there are two unstable modes, which are conical and cylindrical modes. These unstable
modes appear as sub-synchronous vibrations in nonlinear analysis. In nonlinear analysis, frequency jump phenomenon
demonstrated when vibration mode is changed from conical mode to cylindrical one. This jump phenomenon was also

demonstrated in the test. However, the natural frequency measured in the test differs from those obtained using nonlinear

analysis.
1. M B 2517] Slaf dinE E2d o wojge Hgsta et
=29 o Holg Flg 13} o] Fof Uf &j&of| |7t
A Wi 718l A8Es A% HEAAE da Al 279 ¥ go] SHES AAsh= Hlo]F o mA, A
A E L Hi7|7EAE olgste] Bl SJAZIaL o] oy Hr}h Ae v &M 7HAH, dRbAQl Sl Ad
£ FEder A5H IS LH% 7]% | Taste] 22 1°1an Hl T2 4 S T olHR 2%
Ste s Wdz|Ee HloJd 2 WS ek 25 f9F Atolol] §AI% ®9f 3

Jolsi Q] A A ool oot % E2 @ el Ala] 224 Y wjo
of A% FWIL 9 Wom HRE 4 gtk F E2Y Y dlolPe Yo Az

A5 F& : me}m ﬂo1 aﬂm IE719) AR L eupe] HATE] o) AABA HAT 4 Gk 1x
2] 200,000 pm ©] & ZpAw, Ao E25 Y wele 2l gl 23 ol

3 s o @ 9 A Teks RS A B AEAE 2

rd

* 7| A A TEY /\I/\E“ oyt A A (Department of system dynamics, Korea Institute of Machinery &Materials)
S| A AT 37| A A28 LA (Department of environment and energy systems, Korea Institute of Machinery & Materials)
T WAIA A}, E-mail : donghyun2@kimm, re kr

2016 St HDIAHEe] ot sr2lis 2E =2, 20164 62 292~7€ 1Y, 24t
The KSFM Journal of Fluid Machinery: Vol. 20, No. 1, February, 2017, pp.15~20(Received 25 Jul. 2016; revised 31 Oct. 2016 accepted for publication 1 Nov. 2016)
SRRMIIAEE =2&: M20H, W15, pp.15~20, 2017(=2& LAk 2016.07.25, =2+ LT 2016.10.31, AAI2AZ LA 2016.11.01) 15



FRB FRB

Compressor \/ \ Outer oil film § /

Inner oil ﬁlm

Turbine

—

—
& [~

Fig. 1 Schematic diagram of turbocharge
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Fig. 2 Modeling of turbocharger rotor

Table 1 Material property

Part Material Density Modulus
Unit - - kg/m’ GPa
1 Nut SCM440H 7850 205
2 Comp AT075 2810 72
3 Shaft SCM440H 7850 205
4 Turbine Inconel 7913 206
5 Bearing Copper 8900 121
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Table 2 Rotor & bearing parameters

Unit Comp. side Turb. side

Rotor radius mm 39 39

Bearing length mm 51 51

Inner clearance um 10 10

Outer clearance um 20 20

Viscosity Pas 6.4x10" 6.4x10™
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Table 3 Predicted & measured natural frequency (Hz)
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