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ABSTRACT

This paper deals with the development of analytical model of a turbocharger and its detail rotordynamic analysis. Two

analytical models, which are verified by experimental modal testing, are proposed and the analytical model including rotor shaft

extended to compressor and turbine wheel end side is chosen. A rotordynamic analysis includes the critical map, Campbell

diagram, stability, and unbalance response, especially nonlinear transient response considering nonlinear fluid film force at

bearings. Although the linearized analysis accurately predicts the critical speeds, stability limit, and stability threshold speed,

the predicted vibration results are not valid for speeds above the stability threshold speed since the rotor vibrates with a

subsynchronous component much larger than the one synchronous with rotor speed. Hence, for operating speed above the

stability threshold, a nonlinear transient analysis considering nonlinear fluid film force must be performed in order to accurately

predict vibration responses of rotor and guarantee results of analysis.
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Fig. 1 Schematic of the turbocharger

Table 1 Part name and material properties

No Part Density | Elastic Coef. | Poisson
’ Name (kg/m®) (GPa) ratio
@ Turbine wheel & 7950 906 03
rotor
) Comp. 2,760 0745 0.33
wheel
® Thrust 7.950 206 0.3
collar
@ Bearing 7,950 206 03
adapter
® Sealing 7.950 206 0.3
adapter
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Fig. 2 Modeling of a compressor wheel, AM-I
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Fig. 3 Modeling of a turbine wheel, AM-I

Fig. 4 Proposed rotordynamic analytical model, AM-I
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Fig. 5 Modeling of a compressor wheel, AM-I|

Fig. 7 Proposed rotordynamic analytical
model, AM-I
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Table 2 Comparison results of bending natural frequencies

Mode (Hz) | Modal Test | AM-I (Diff. %) |[AM-II (Diff. %)
1* bending 391 391(0%) 394(0.8%)
ond bending 1,122 1,009(10%) 1,095(2.4%)

% boundary condition : free—free
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Finite element model (TurboCharger, AM-Il}
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Fig. 8 FE analytical model (AM-II) of turbocharger

rotor-bearing system
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Fig. 9 Schematic drawing of 3-lobe bearing

(a) Brg. #1

Fig. 10 Analytical models of 3-lobe bearings
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Table 3 Specification of the 3-lobe bearings

Design parameters Applied values
Axial length, L 30mm
Diameter, D 36mm
] Assembled clearance
Radial clearance, Cy
0.025 mm
Preload, m 05
Lobe arc 92°
Offset 0
Lubricant SAE 10W-50 (VI=120)
Load angle Brg. #1 Brg. #2
90° 270°
Load Brg. #1 Brg. #2
9.3N 205.4N
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Fig. 12 Campbell diagram of turbocharger system (F:forward)

Stability diagram (TurboCharger, AM-I1)
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Fig. 13 Stability diagram of turbocharger (F:forward)
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Fig. 14 3D Mode shape at various rotational speeds
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Fig. 15 Unbalance response envelope at rated speed

(Test unbalance : in phase)
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Unbalance response envelope (TurboCharger, AM-lI)
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Fig. 16 Unbalance response envelope at rated speed
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Unbalance response with rpm (TurboCharger, AM-I1)
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