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Torsional stress prediction of turbine rotor train using stress model

o] &4t - f Al el

Hyuk-Soon Lee and Seong-Yeon Yoo

Key Words : Torsional stiess, Turbine rotor train, Stress model, Electrical disturbance, Torsional fatigue

fracture, Torsional vibration

ABSTRACT

Torsional interaction between electrical network phenomena and turbine-generator shaft cause tor-

sional stress on turbine-generator shaft and torsional fatigue fracture on vulnerable component, but the

prediction of the torsional stress is difficult because the torsional stress is occurred instantly and

randomly. Therefore continuous monitoring of the torsional stress on turbine-generator shaft is neces-

sary to predict the torsional fatigue, but installing the sensors on the surface of the shaft directly to

monitor the stress is impossible practically. In this study torsional vibration was measured using mag-

netic sensor at a point of turbine-generator rotor kit, the torsional stress of whole train of rotor kit

was calculated using rotor kit's stress model and the calculated results were verified in comparison

with the measured results using strain gauge at several point of turbine-generator rotor kit. It is ex-

pected that these experiment results will be used effectively to calculate the torsional stress of whole

train of turbine-generator rotor in power plants.
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Fig. 1 Stress on turbine-generator rotor train
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SG 1,2,3,4 : Strain Gauge

Fig. 2 Schematic diagram of rotor kit

Table 1. Data of rotor kit

Length | Mass Mass moment

(m) (kg) | of Inertia(kgm2)
Torque Sensor 1 0.17 8.2 0.0029
Gear for Sensor 1 0.044 7.45 0.0287
Rotor 1.0 112.7 1.0106
Gear for Sensor 2 0.044 7.45 0.0287
Torque Sensor 2 0.17 8.2 0.0029
Generator 0.515 39.7 0.1385

Magnetic Sensor

2.65" x 1.368" x 1.05"

Strain Gauge

13mm x 1.6mm
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Table 2. Stress vs Angular displacement

O

Stress(Mpa)
SG1 SG2 SG3 SG4
Ist mode 134.8 177.9 177.9 1112
Flg 3 Rotor kit model 2nd mode 437.6 56.2 56.5 436.7
—— 3rd mode 456.5 700.3 700.3 525.8

—

1st torsional mode
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Fig. 4 Torsional Mode Shape of Rotor Kit
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Angular displacement(degree)
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(a) 1st mode
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(b) 2nd mode

Table 3 Measured Torque of the¢ Shaft

Torque Transducer

Torque(Nm) 21

Stress(Mpa) 0.997
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Fig. 7 Angular displacement of each mode
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+ (mode3*-456.5) + 0.997
Stress(SG2)=(mode1*177.9)+(mode2*56.2)
+ (mode3*700.3) + 0.997
Stress(SG3)=(model*177.9) + (mode2*56.5)
+ (mode3*700.3) + 0.997
Stress(SG4)=(mode1*111.2) + (mode2*436.7)
+ (mode3*-525.8) + 0.997 ---------- 2(1)
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Fig. 8 Calculated Stress
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Table

4 Calculated Stress of SG1, 2, 3 and 4

Table 5 Measured Stress of SGI1, 2, 3 and 4

Stress(Mpa) SG1(Mpa) | SG2(Mpa) | SG3(Mpa) | SG4(Mpa)
SG1 SG2 S5G3 SG4 Mean 1.01 0.95 1.00 0.98
RMS 1.19 1.25 1.28 1.12 RMS 1.24 1.30 1.37 1.15
Max. 3.13 3.67 3.72 2.72 Max. 3.35 3.89 3.90 291
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Table 6 Stress of SGI1, 2, 3 and 4

SG1(Mpa) | SG2(Mpa) | SG3(Mpa) | SG4(Mpa)

measured 1.24 1.30 134 1.15
RMS [calculated 1.17 1.28 1.28 113

caloulated) g 098 0.5 0.98

‘measured

measured 3.35 3.89 3.90 291
Max. [calculated 3.13 3.67 3.72 272

caloulated) 3 094 095 093

‘measured
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