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Abstract: When turbine blades fail in multi-physical fields, accurate analysis of the failure requires
comprehensive consideration of how temperature gradient, aerodynamic force, centrifugal force and
other loads affect the strength and vibration of the blades. For the purpose of this research, a
joint simulation based on multiple reference systems and finite elements was implemented for
numerical calculations, strength and vibration checks, and parameter sensitivity analyses
regarding the 8th stage rotor and stator blades of a steam turbine under the separate and combined
effects of centrifugal force, temperature gradient, and aerodynamic force to derive the strength
and vibration characteristics of the turbine blades under the fluid-heat-solid conditions. According

to the calculation results, the total deformation of the stator and rotor blades is 0. 079 1 mm and
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1.093 4 mm, respectively, and the maximum equivalent stress is 92. 45 MPa and 470. 28 MPa,

respectively, which can meet the strength and vibration requirements. For strength calculation of

the rotor and stator blades, the influence of aerodynamic force and thermal stress was considered.

For modal analysis, the change in elastic modulus with temperature and the effect of centrifugal

force was considered. An increase in the total deformation and equivalent stress of both rotor and

stator blades was observed as the rotational speed, inlet temperature, and inlet pressure rose; the

modal frequency of rotor blades increased with the rotational speed , while the modal frequency of

both rotor and stator blades decreased as the inlet temperature and inlet pressure went up. This

study may provide a theoretical basis for strength and vibration calculations, verification, and

characteristic research of turbine blades under the influence of fluid-thermal-solid conditions.

Keywords: turbine blade; fluid-thermal-solid effects; strength; vibration characteristics; parameter

sensitivity
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Fig. 1 Model of the 8th stage rotor and stator blades and

flow field calculation domain of a steam turbine
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Fig. 2 Strength and vibration analysis process of turbine rotor and stator blades under the fluid-thermal-solid effects
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Fig. 3 Verification of mesh-independence of rotor and
stator blade flow fields in the 8th stage of the

steam turbine
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(b) i1 - &8

for the flow field of the 8th stage rotor and stator

blades of the steam turbine

T R Ja A A 2 R AR S 4 ) xt
5N L W Y N ) T = e O W B S 3
PEIEAT B AE - 55 8 sl L #r it o 35 R RS 5 4R b R
0Cr17Ni4CudNb, HAH Y T S 5n £ 1 s,
k1 BRI A K

Table 1 Physical parameters of solid domains
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Je IR 5 JE / MPa 1180

zkxb. xjtu. edu. cn

K Hl ANSYS Meshing #0446 3 L # it 7%l 43
J &R RSE A 3 mm (4 DU TR RO AE . SR BLRL FJE
WM HED R A6 3l R A S A RE 2
IR R i 4 [ 2 1 A8 R A B 2 R I X sl i i
Jn 6 000 r/min 1) %% 3 DLBTHELES 0 7 S5ERT
ZARFEHLER 8 Y5 (FR I o 1 A% Rl S 254

TG J 390
KRR
| ek
CINIPIL
W )5
s
#ft
i 51
XK
TR
(a) M J o 4% (b) i1 - &

B 5 ZIAEHLEE 8 Bl i i WA i B Sk
Fig. 5 Grid and boundary conditions for the 8th stage rotor

and stator blades of the steam turbine
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Table 2 Total deformation and maximum equivalent stress

of stator blades under different loads

e X ST /mm I REERN S/ MPa
oS3 0.003 0.67
AR T 0.079 93.03

B Iy 0.079 92. 45
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Table 3 Total deformation and maximum equivalent stress

of rotor blades under different loads

WA MARTE /mm F KRN )/ MPa
oA 0.028 3.92
A FRN T 0. 895 101. 05
0 T 0. 350 451.92

B h+Hp H+80h 1,093 470. 28
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Table 4 First 10th order modal frequencies of stator blade under different loads

1 N e N e e — -
TC i B Sy B R SRR PN ) U R e Mg L5 A
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2 799. 60 799. 89 798. 87 790. 65 799. 88 790. 66
3 1 138.50 1 138.30 1137.40 1 125.30 1 138. 30 1 125.30
4 1 310. 50 1 309. 80 1 309. 30 1 294. 80 1 309. 80 1 294. 80
5 2 557. 60 2 557.00 2 555.20 2 528.00 2 556.90 2 528.00
6 2 910. 80 2 908.70 2 908. 10 2 876.00 2 908. 60 2 876. 00
7 4 284. 80 4 270. 20 4 280. 90 4 222.10 4 269. 90 4 222.10
8 4 428. 40 4 419. 20 4 424. 30 4 369. 30 4 419. 00 4 369. 30
9 4 459. 40 4 457. 80 4 455. 30 4 406. 80 4 457. 80 4 406. 80
10 5 503.00 5 465.50 5498.00 5 403. 80 5 464.90 5 403. 90
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Fig. 9 First 10th order vibration patterns of stator blade under fluid-thermal-solid effects
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Table 5 First 15th order modal frequencies of rotor blade under different loads
- %/ He
5 v P -
o # A PR S 0 ) BB 7 PARRL AR SRR R AN U R R MRS AT
1 219. 87 261.56 219. 88 219. 66 217. 35 219. 86 259. 44
2 597. 28 619. 80 597. 36 596. 74 590. 21 597. 29 613.03
3 861. 77 913.63 861. 94 860. 99 850. 41 861.78 902. 85
4 973.73 986. 77 974. 28 972. 84 961.72 973.75 975. 05
5 1 754.00 1 809. 40 1 754. 60 1752.40 1729.70 1754.00 1 785.90
6 2 118. 40 2 149. 50 2 119.40 2 116.50 2 089.70 2 118.50 2 121.40
7 2 496. 30 2 510. 90 2 496. 80 2 494. 00 2 463.70 2 496.30 2 478.50
8 2 886. 40 2 940. 80 2 887.60 2 883.70 2 845. 80 2 886.40 2 901.00
9 3 551. 60 3 593. 30 3 553.20 3 548. 30 3 500. 70 3551.60 3 543.00
10 3 778. 20 3 821.70 3779.70 3 774.80 3 726.50 3 778.30 3 770.80
11 4 276.40 4 293.20 4 276. 80 4 272.50 4 220. 80 4276.40 4 237.90
12 4 672.90 4 683.90 4 673. 60 4 668.70 4 613.10 4 673.00 4 626.10
13 4 791. 60 4 844,90 4 793. 30 4 787.20 4729.00 4791.60 4 780.00
14 4 926. 60 4974.70 4 928.70 4 922.10 4 853.10 4926.70 4 903.00
15 5 988. 30 6 027.70 5 991. 80 5 982. 80 5 892. 30 5 988.50 5 920. 60
B /mm e A I /mm k BAFE/mm % AR /mm RAFE /mm
12.966 i 14.751 A 19.465 ﬁ 21.336 27.882
11.526 13.112 I 17.302 18.966 24.785
10.085 11.474 15.139 | 16.595 21.687
8.644 9.835 12.977 14.225 18.589
7.204 8.196 10.814 11.854 15.491
5763 6.557 8651 9.483 12.394
4322 4918 6.489 7.113 9.296
2882 3.279 4.326 4.742 6.198
1.441 1.640 2.163 2371 3.100
0 0.001 0 0 0.003
1B 26 H3Br 4B BSHr
BARTE /mm R /mm A /mm AR /mm R /mm
18.933 31.423 22.600 30.692
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11.064 12.625 20.952 15.067 20.462
9221 10,522 17.461 12.556 17.052
5535 6316 10.481 7.534 10.232
3.693 4213 6.990 5.023 6.823
1.850 2110 3.500 2512 3413
0.007 0.007 0.010 0.001 0.003
6l ETHY 8B OB 106y
RAFE/mm ?\ R /mm , AR /mm SR /mm R /mm
11.874 & 19.959 | 46.493 28.192 49.218
10.558 | 17.743 41331 25.061 43.749
9242 i 15.527 f' 36.168 21.929 38281
7.925 13311 | 31.006 18.797 32.813
6.609 11.095 25.843 15.665 27.344
5292 8.878 20.680 12.534 21.876
3.976 6.662 15518 9.402 16.407
2.660 4.446 10.355 6.270 10.939
1.343 2230 5.193 3.139 5.470
0.026 0.014 0.030 0.007 0.002
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