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Critical Speed Analysis of a Small Gas Turbine Rotor

Young-Cheol Kim™, Jin-Woong Ha", Ji-Ho Myung”
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ABSTRACT

This paper predicts the critical speeds of a 5 MW industrial gas turbine by using commercial rotordynamic tool, DYNAMICS
4.3. The gas turbine is operated at 12,975 rpm on squeeze film dampers. The stiffness of the squeeze film dampers are estimated.
The critical speeds of the gas turbine rotor are calculated to have a sufficient separation margin (2%) from the lst bending mode
and pass over 2 rigid body modes below 4,000 cpm. This paper discussed the coupling effects on the dynamic response of the gas
turbine.
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€ 0.707 peak
Revolutions per Minute

Ny = Rotor first critical, center frequency, cycles per minute

Ng = Critical speed, nth

Npe = Maximum continuous speed

Ny = Initial {lesser) speed at 0.707 x peak amplitude (critical)

Ny = Final (greater) speed at 0.707 x peak amplitude (critical)

Ny — Ny = Peak width at the half-power point

AF = Amplification factor

= Ny
Ny — Ny
S = Separation margin
At = Amplitude at Ngy

Acn = Amplitude at N,
Note: The shape of the curve is for illustration only and does
not necesarily represent any actual rotor response plot.

Fig. 1 Typical dynamic response of GT rotor
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Fig. 2 5MW GT rotor structure
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Fig. 3 Line diagram of 5MW GT rotor
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Fig. 4 squeeze film damper
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Fig. 5 Dynamic model for the Gas Turbine using DYNAMICS 4.3
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(a) 1st mode shape

(b) 2nd mode shape

(c) 3rd mode shape
Fig. 6 Critical Speed of the Gas Turbine Rotor
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Fig. 7 Dynamic model when the coupling is not considered
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(a) 1st mode shape
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(b) 2nd mode shape
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(c) 3rd mode shape
Fig. 8 Critical Speed when coupling is not considered

Fig. 9 Dynamic model when all disks are treated as disk elements
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