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Tab.1 Basic parameters of the last two blades

s i R LIRS EILINEE
yEs .
Type of the blade Number of Number of  Blade height of
P stationary blades  rotor blades  rotor blade /mm
YR
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Fig. 1 Schematic diagram of the last two-stage flow channel mesh

model

2.2 fEA R &GS RIE T X ERIE

IR A WL 17 B YR e ML J7 55 UK (Turbine Heat
Acceptance, THA) T XT I 14 Z40Ch BL i, 275 5L BR
BTN O, B HE S T R A B steam3vl,
BB UORG TR s it i B4, R 134
RSN R, S5 3R 3000 r/min, AR5
T AL ZH B T 00 43 53 1 100% THA | 50%THA |
20%THA 5 10%THA %5 4 4~ .00, WA T30 T iy il 7
AR 2 FR . s FREBRIR AT I, G 25K
JER 107,

R2 BIRBFAEME

Tab.2 Boundary conditions of each working condition
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1% B 1% B s
T ARE i ﬁ » Total Static AR
. Inlet  Extraction Total
Working pressure  pressure
i, flow/ flow/ . enthalpy at
condition (ke/s) (ke/s) atinlet/  at outlet/ inlet/(kl/ke)
& € MPa MPa &
100%THA 150.586 6.644 0.091 5 0.01 2671.16
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20%THA  38.613 0 0.022 9 0.01 2678.14
10%THA  24.616 0 0.014 3 0.01 2678
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Fig. 2 Calculation meshes of last stage blade
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Tab.3 Material properties of the last stage blade

SRR bER/N 4 s
Elastic modulus /MPa Poisson ratio Density/(kg/m*)
2.014 7x10° 0.3 7700
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Fig. 3 Variation of the unsteady steam flow force on the last stage

rotor blade over the time under typical working conditions
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Equivalent stress

Type: equivalent
(von Mises) stress
Unit: MPa
100% THA
810.07 Max
720.57
631.08
541.59
452.1
362.6
272.11
182.62 y
2

94.125
4.632 8 Min

(a) 100%THA

Equivalent stres:

S
Type: equivalent
(von Mises) stress
Unit: MPa
50%THA
789.89 Max
702.24
614.58
516.92
429.26
351.6
263.94
176.29 y
88.627 R _I

0.968 6 Min
(b) 50%THA

Equivalent stress 2
Type: equivalent
(von Mises) stress
Unit: MPa
20%THA
782.99 Max
684.09
609.2
5223
435.41
348.51
262.62
174.72 y
|

87.826
(¢c) 20%THA

0.838 12 Min
Equivalent stress
Type: equivalent
(von Mises) stress
Unit: MPa
10%THA
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622.88
534.87
445.86
356.84
267.83 ;
178.82 y
2

89.505
0.791 97 Min

(d) 10%THA
B4 BETRTREBMERLNL NS
Fig. 4 Equivalent stress distribution of the last stage rotor blade
under typical working conditions
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Type: total deformation
Unit: mm
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0 Min
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Total deformation
Type: total deformation
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23635
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1.688 2
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(d) 10%THA
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Fig. 5 Total deformation distribution of the last stage rotor blade
under typical working conditions

P, P,
P, P,

Blo REFNMEIERIEI

Fig. 6 Dangerous points’ selection of the last stage rotor blade
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Fig. 8 Spectrum diagram of the equivalent stress of the last stage

rotor blade under the 100%THA working condition
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Fig. 9 Goodman curves of the dynamic stress on the last stage rotor

blade under typical working conditions
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Analysis and safety evaluation of steam turbine last stage blade vortex-induced

response under deep peak shaving conditions

BIAN Long"?> FAN Zhifei’

ZHU Mingliang' XUAN Fuzhen'

(1. School of Mechanical and Power Engineering, East China University of Science and Technology, Shanghai 200237, China)
(2. Dongfang Turbine Co., Ltd., Deyang 618000, China)

Abstract: To compensate for the intermittency of renewable energy generation, coal-fired power units are required to

operate under low-load conditions over a long time, which causes the last stage blades of steam turbine low-pressure cylinders

under small flow conditions persistently, leading to increased dynamic stresses and fatigue damage in the blades. To evaluate

the safety of these last-stage blades, the fluid-structure interaction analysis of the last two-stage flow path and last stage

rotating blades were conducted for a 660 MW air-cooled steam turbine under typical operating conditions. The results

demonstrate that as the load decreases, both the maximum equivalent stress and deformation of the last stage rotating blades

gradually diminish first, then slightly increasing. The maximum equivalent stress of the last stage rotating blades remains

consistently below the material’s yield strength, indicating that the blades are in the stage of elastic deformation and no plastic

deformation has occurred. Using the Goodman curve analysis method for the high-cycle fatigue life assessment of the last

stage rotating blades, the dynamic stress levels of the last stage rotating blades fall within the safe zone of the Goodman curve,

indicating that there is no risk of fatigue damage to the blades.

Key words: Steam turbine; Last stage blade; Fluid-structure interaction; Typical operating condition; Safety assessment
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