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ABSTRACT

In this paper the critical speed analysis and design sensitivity investigation are carried
out with an APUl(auxiliary power unit) gas turbine having a spline shaft connection.
The DDM/(direct differential method) is directly applied to formulate the critical speed
design sensitivity problem of a general nonsymmetric-matrix rotor-bearing system. The
design sensitivity analysis have shown that the critical speed change rate to the support
modeling of the spline shaft connection point is extremely negligible, and thereby its
design uncertainty is lifted. It has also been confirmed that the critical speeds up to the
4th are not sensitive to the design stiffness coefficients of 4-main bearings or supports,
including two air foil bearings. Further, the critical speed change rate to the
shaft-element length have shown quantitatively that the spline shaft has some limited
influence on the 4th critical speed.
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Fig. 1

(a) Layout of the APU rotor system

(b) FE model of the APU rotor system
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Rotating speed (pm) = 7571.48
Whirl natural treq. (pm) = 7571.48

s

(a)

Rotating speed (rpm) = 8064.97
Whirl natural freq. (rpm) = 8064.97

(b)

Rotating speed (rpm) = 11516.2
Whir natural freq. (rpm) = 11516.2

©

Rotating speed (rpm) = 33988.68
Whid natural freq. (pm) = 33968.6

-@Eﬁ

(d)

Fig. 2 Critical mode shapes of the
entire APU rotor-bearing system with
the pivot spline connection model.

(a) 1st critical mode.

(b) 2nd critical mode.

(c) 3rd critical mode.

{(d) 4th critical mode.
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Fig. 3 Critical speed change rates for

10%6 bearing stiffness increases.
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Fig. 4 Critical speed change rates for 10% shaft element length increases.
(a) 1st critical speed change rate, (b) 2nd critical speed change rate

(c) 3rd critical speed change rate, (d) 4th critical speed change rate
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