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ABSTRACT

This paper describes the optimum design for low-pressure steam turbine rotor of 1,000 MW nuclear
power plant by using a combined genetic algorithm, which uses both a genetic algorithm and a local
concentrate search algorithm (eg. simplex method). This algorithm is not only faster than the
standard genetic algorithm but also supplies a more accurate solution. In addition, this algorithm can
find the global and local optimum solutions. The objective is to minimize the resonance response (Q
factor) and total weight of the shaft, and to separate the critical speeds as far from the operating
speed as possible. These factors play very important roles in designing a rotor-bearing system under
the dynamic behavior constraint. In the present work, the shaft diameter, the bearing length, and
clearance are used as the design variables. The results show that the proposed algorithm can improve
the Q factor and reduce the weight of the shaft and the Ist critical speed.
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Fig. 2 Vibration trend plot during start-up for
low-pressure  turbine of 1,000 MW
nuclear power plant
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Table 1 Configuration data of LP turbine

Power rating 1,000 MW
Rotor weight 1,428 kN
Rated speed 1,800 rpm
No. of stages 14 SF
S L = 609.6 mm (left side)
, 584 mm (right side)
2 lobe bearing | D = 762 mm
. C = 0.0338 mm
Preload = 05

Fig. 3 Shaft model of 1000 MW LP turbine
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Fig. 4 Campbell diagram of LP turbine rotor
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Table 2 Natural frequency, damping ratio and
Q factor of LP turbine rotor
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Sl frequency (cpm) Damping ratio] Q factor
803 0.0340 1471
894 0.0089 56.14
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Fig. 6 Shaft shape before and after optimization

Table 3 Shaft diameter,
clearance for
designs

bearing length and
original and optimum

~ Diameter d, (m)
Original design | Optimum design
6 0.7620 0.74142
7 0.7620 0.75031
8 0.7620 (0.75518
9 0.7981 0.78686
31 1.0986 1.10855
32 0.9779 0.98473
57 0.7620 0.77682
58 0.7620 0.77540
59 0.7620 0.74413
60 0.7620 0.73870
61 0.7255 0.71422
Bearing element B, By
Bearing By 0.610 0.632
length (m) | Bp| 0584 0.596
Bearing B 0.762 0.739
diameter (m)| Bp 0.762 0.766

Table 4 Total shaft weight, Q factor and the
1% critical speed for original and
optimum designs

design|Optimum design

Total weight, | 4078 kN | 142584 KN
Wx)
Q factor, Gr (x) 56.14 48.71
1% natural
frequency, 894 cpm 893 cpm
[y (x)
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