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Rotordynamic Design and Stability Prediction of 100 Watts Micro Power System
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ABSTRACT

The Rotordynamic feasibility of Micro Power System supported by air foil bearings is investigated. The Micro Power
System is new portable power source based on brayton cycle, which consists of compressor, turbine, generator, and
combustion chamber. In this paper, the analysis of Rotordynamic characteristics of Micro Power System is performed, based
upon the bearing equilibrium position, Campbell diagram and stability. As a result, it is demonstrated that the air foil
bearings could be adopted well to the Micro Power System. However, for more stable operation at target running speed,
the damping characteristics of air foil bearing should be enhanced.
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Fig. 1 Micro Power System

Table 1 Operating Condition of Micro Power System

Power 100 W
Electric Efficiency 0.7

Net Power 143 W
Compressor Efficiency 07
Turbine Efficiency 07
Mass Flow Rate 20 g/s
Pressure Efficiency in Combustor 092
Mechanical Efficiency 0.95
Compressor inlet Temperature 288 K
Compressor Inlet Pressure 1.0 atm

Fig. 2 Test rig for Micro Power System
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(a) (b)
Fig. 3 Air foil bearings: (a) air foil journal bearing
(b) air foil thrust bearing

Table 2 Properties of rotor and bearing

Diameter of shaft, D 7 mm
Length of bearing, L 7 mm
Radial Clearance, C 003 mm
Thickness of bump foil, t 0.076 mm
Height of bump foil 040 mm
Thickness of top foil, tip 0.076 mm
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Table 3 Predicted critical speeds

Natural mode  Critical speed Note
Ist F.W. 5120 rpm cylindrical
2nd F.W. 14,070 rpm conical
3rd FW. above 1,000,000 rpm bending
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Fig. 6 Campbell diagram of Micro Power Svstem
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Fig. 8 Predicted orbit according to rotating speed:
(a) left end (b) mid-span (c) right end

5. 28

g o83t YALE, AR A=

A % HHg dFaAt Ay dgE
& g3 e Zeg UE 5+ A%

A 3l T 229 99 A=

7ZA) R=(rgid mode)= 22 5120 2 14070 rpm oA

vebe, 3% 25& 1000000 rpm o] del A #AERHE

A7 A £E ¥2olA $o] A §

AU ge g% HE 22 BAsYD, 44 A=
Pol dAHoz SR AAAE F71 2L HolY)
#HE PPAALYES Fasa,

3 JA%Ee] ME & AY 22 Fool o7 S50
A 3 A5 o WolYn el Pl dojuix g
32 s

L @A olelw HY AT vz st uloigel
F7H4717] 98 1& FWA F7) £ wojadol
77k Ag=n gom, Ae 48 41 5 T
U Hojssl £3 Age] o FiN T Ynk.

|

!

1

M 8

fc)

n\l
rdh B o g

N
H

I

(1) Tanaka, S. 2002, "Power-Microelectromechanicat
Systems  (Power MEMS),” Sixth Intemational
Micromachine Symposium, pp. 91-97.

(2) Lin, C. C, 1999, "Fabrication and Characterization of
a Micro Turbine/Bearing Rig”, Proceeding of 12th IEEE
Int'l Conf. on Micro Electro Mechanical Systems, pp.
529-533.

(3) Mastsuo, E, Yoshiki, H.,, Nagashima, T., and Kato,
C., 2002, "Development of Ultra Micro Gas Turbine”, Int’l
Workshop on Power MEMS, pp. 36-39.

(4) Orr, D.J., 2000, "Macro~Scale INvestigation of High
Speed Gas Bearings for MEMS Devices,” Ph. D. Thesis,
Dept. of Aeronautics and Astronautics, Massachusetts
Institute of Technology.

(5) Agrawd, G L, 1990, "Ral Gas Bearings for Turbormachinery,”
SAE 901236, 20th Intersociety Conference on
Environmental Systems, Williamsburg VA

(6) Heshmat, H, Shapiro, W, and Gray, S., 1981,
“Development of Foil Journal Bearings for High Load
Capacity and High Speed Whirl Stability,” Transactions
of the ASME; Journal of Lubrication Technology;
ASME Paper No. 81-Lub-36.

(7) Marley, D. J., 1969, “"Hydrodynamic Shaft Bearing,”
United States Patent No. 3,434,761

(8) DellaCorte, C., 1998, “A New Foil Air Bearing Test
Rig for Use to 700°C and 70,000 rpm,” STLE Tribology
Transactions, Vol. 41, pp. 335-340.

9) ol'ds, 2003, “HE FHE = F7] XY woge
A5 4 2 AN #S A7, FGATga 7| AEAE
2 it Bhal ek =

(10) Fukui, S. and Kaneko, R, 1990, ” A Database for
Interpolation of Poiseuille Flow Rates for High Knudsen
Number Lubrication Problems,” Journal of Tribology,
Vol. 112, pp. 78-83

(11) Hoffmann, KA, 1989, Computational Fluid
Dynamics for Engineers, Engineering Education System.

(12) Kawabata, N. 1987, “"Numerical Analysis of
Reynolds Equation for Gas Lubrication in a High
Bearing Number Region,” JSME International Journal,
Vol. 30, pp. 836-842



