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Abstract

This paper reports rotor dynamics analysis for a micro-turbine generator, which generates 200 KW power.
The rated rotation speed is 45,000 rpm. For the single shaft system, the first critical speed is 8,870 rpm, the
second critical speed is71,783 rpm and third critical speed is107,527 rpm. The second critical speed of the
rotor is higher than 20% of the rated rotation speed. The estimated bearing life are 25,600 hrs and 17,700,000
hrs for forward and backward bearing respectively, with 17-4PH bearing.
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Mass Dia. Inertia  Polar Inertia
(Ibf-sec”r2/in) (in-Ibf-secr2) (in-Ibf-secr2)

Compressor
0.02 0.05 0.08
(17-4PH)
Turbine
(17-4PH) 0.04 0.1 0.14
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Transmitted Lifetime Transmitted Lifetime
Force (lb) L., (HRS) Force (lb) L,, (HRS)
BL % 1351bh 27615 13.01b 27902
(In Phase)
B4R Pl 19.01b 8.44E+06 2051b 6.55E+06

(In Phase)
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[1] SBB, Design Guide for Metric Ball &
Roller Bearing.

[2] TIMKEN Aerospace Design Guide for
Precision Metric Ball and Cylindrical
Roller Bearings.
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Critical Speed Mode Shape, Mode No.= 1,
Spin/Whirl Ratio = 1, Stiffness: Kxx i
Critical Speed = 8870 rpm = 147.83 Hz |
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Torsional Modal Stress and Displacement

Mode No.= 1, Undamped Frequency = 1554 cpm; 25.90 Hz
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0 3.26E+09 6.53E409 9.79E409 1.31E+10 1.63E+10
Stress based on max. deflection of 1 degree
Torsional Modal Stress and Displacement
Mode No.= 3, Undamped Frequency = 30376 cpm; 506.27 Hz
Critical Speed Mode Shape, Mode No.= 2
Spin/Whirl Ratio = 1, Stiffness: Kxx [
Critical Speed = 71783 rpm = 1196.39 Hz
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5 '~‘ : Stress based on max. deflection of 1 degree
\‘ ’\v, Torsional Modal Stress and Displacement
- - Mode No.= 2, Undamped Frequency = 4946 cpm; 82.43 Hz
Crtical Speed Mode Shape, Mode No = 3 CEIERenRY o
Spin/Whirl Ratio = 1, Stiffness: Kxx [~
Critical Speed = 107527 rpm = 1792.11 Hz
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R Stress based on max. deflection of 1 degree
B o Torsional Modal Stress and Displacement
Mode No.= 4, Undamped Frequency = 156397 cpm; 2606.62 Hz
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Stress based on max. deflection of 1 degree
Shaft 1 Shaft 2 Shaft3 Shaft4 Shaft s
(K1) (K2) (K3) (K4) (KS)
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