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Optimal Design of Aircraft Gas Turbine System supported by Squee:e Film
Damper Using Combined Genetic Algorithm
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ABSTRACT

The aircraft engine is usually supported by rolling element bearings and has a small damping rate, which is vety sensitive to
external force. The high-performance requirement of the rotors leads to complex assembly designs and are more fle» ible. Squeeze
film dampers (SFDs) are introduced to provide damping while crossing the critical speeds and stability to the rotor s/stem. Hence,
the focus of the present investigation is on the decision of an optimal size of the flexible rotor system supported by the squeeze film
dampers to minimize the maximum transmitted load and unbalance response over a range operating speeds. The enhanced genetic
algorithm (EGA), which was developed by authors, is used in the optimization process. This algorithm is based on the synthesis of a
modified genetic algorithm and simplex method. The results show significant benefits in using EGA when compared 'vith nonlinear

programming (NLP).
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Table 1 Configuration data of a flexible rotor system

Length Inner radius | Outer radius
No.
(mm) (mmy) (mm)
1 42.7 14.2
2 46.2 14.2
3 16.0 14.2
4 96.8 14.2
5 74.6 19.6
6 165.1 26.9
29.6
7 1524 26.9
8 152.4 26.9
9 152.4 26.9
10 152.4 22.6
11 149.3 14.2
12 79.2 23.1
E=20.69 GN/m%, p= 8193.0 kg/m’

Table 2 Rigid disk data

Polar moment Transverse
Station | Mass of moment of
No. (kg) inertia inertia
(kg-em*x10%) (kg-cm?®x10%)
1 11.38 19.53 9.82
4 7.88 16.70 8.35
5 7.70 17.61 8.80
12 21.70 4448 22.24
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Fig. 1 FEM model for rotor-bearing system
of aircraft gas turbine engine

Table 3 Dynamic coefficients of bearings

Station No. ?&fgﬁi; Damping (N-s/m)
3 1.751 0
6 96.95 0
13 13.37 0

Table 4 Parameters of original squeeze film damper

Parameters Value
Length L (mm) 25.4
Radius R (mm) 50.8

Clearance C (um) 152.4
Fluid viscosity # (N-s/m?) 2.66 x 107
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Table 5 Formulation for optimum design

Design variables Objective function Side constraints
2031<L; £30.48 mm
X ={L R C} 700 = max 2R+ TR, /
Case | j=3.13 aTR,+ IR, 44.45< R; <58.05 mm

where a =1, £=10.

76.20 < Cl_ <254.0 um

x"={L, R, C,D}
j=3,13, i=1~12
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Table 6 Optimum design parameters for Case 1.

SGy={fie + £
where f2(x) = pi/pi’.

Design - Chen et Design
variables Original al. EGA variables
L 3 254 26.54 30.48
(mm) 13 25.4 30.31 30.48
R; 3 50.8 51.03 57.15
(mm) 13 50.8 57.03 57.15 -
G 3 152.4 145.10 125.84
(pm) 13 152.4 81.10 76.20
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Fig. 4 Transmitted load at stations 3 and 13 for Case 1
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Table 8 Maximum transmitted load and unbalance
response for Case 2

L. Chen Reduction
Original etal. EGA (%)
Unbalance 2000 | 12510 | 1540 | 923
response (um)
cansmitted | 3 10436 | 4091 | 5745 | 450
load (N) | |5 15769 | 3269 | 3377 | 786
Shaft mass (kg) 11.62 12.83 -104

b) Optimum shaft model
Fig. 9 Rotor shaft shape for Case 2

Table 9 Comparison with design parameters for Case 2

Design | oy ioinal | Chenetal. |  EGA
variables
L 3 254 26.54 26.93
(mm) | 13 25.4 30.31 29.88
R 3 50.8 51.03 46.54
(mm) | 13 50.8 57.03 50.38
G 3 152.4 145.1 78.99
(um) | 13 | 1524 81.1 85.96
1 28.4 45.4
2 28.4 34.1
3 28.4 42.1
4 28.4 30.6
5 39.2 29.1
D; 6 53.8 354
(mm) | 7 53.8 53.8
8 53.8 53.8
9 53.8 53.8
10 452 53.7
11 28.4 28.4
12 46.2 28.8
5 2 B
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