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A Stochastic Analysis in Steam Turbine Blade Steel
Using Monte Carlo Simulation
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Abstract

In this study, the failure probability of the degraded LP turbine blade steel was performed using the
Monte Carlo simulation to apply variation of applied stress and strength. For this purpose, applied
stress under the service condition of steady state was obtained by theoretical stress analysis and the
maximum Von-Mises stress was 219MPa. The fatigue strength under rotating-bending load was
evaluated by the staircase method. Furthermore, 3-parameter Weibull distribution was found to be most
appropriate among assumed distributions when the probabilistic distributions of tensile and fatigue
strength were determined by the proposed analysis. The failure probability with various loading
conditions was derived from the strength-stress interference model and the characteristic factor of
safety was also estimated.
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Z7)EjQl(low pressure steam turbine, LP turbine)2]
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Table 1 Chemical composition (wt %)

C Si | Mn P S Cr Mo | Ni \%
0.2~ {Max. |0.3~{Max.|Max.|[11.0~ |0.8~[0.3~[0.25~
0.26| 0.5 | 0.8 [0.025{0.02] 125 112 ) 0.8 | 0.35

Table 2 Mechanical properties

Yield | Tensile 1 Reduction
. Elongation | Hardness
Material |strength|strength %) HB area
(MPa)| (MPa) ° HB)Y | 0p)
Raw | 278 | 993 20.1 304 46
mat.
Deg”’dedl 750 | 990 | 203 297 47
mat.
31.7 unit : mm
217 217 k= 1025

-

R 20
63.4

Fig. 1 Configuration of fatigue specimen

Type of blade reot
Fir tree type

Airfoil L - direction

[ Root

150 1140

= i |

Rotor diameter : 230 . Disc diameter : 2200
Length from rotor to bide oot ( £y ) 1 1250 . Length from rotor to blade airfoil (4, ) 1 390
Fig. 2 Schematic representation of tensile and high
cycle fatigue specimen extracted from LP
turbine blade
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LPossible d distributions on the limited data ]

LDeterminaﬁon of assumed distribution parameter ]

r Fatigue physics
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End

Fig. 3 Process of probabilistic analysis
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Table 3 Service condition for LP steam turbine of

last stage
p (kg/mm’) 7.70E-6
o1 (water : kg/mm’) 9.83E-07
w (rev/min) 1800
Av (mm/s) 10005.96
Ap (kPa) 101.6
vo (mm/s) 900000
Number of blade, B 145
300
Appiled stress in LP turbine blade
g 250}
2
5 200
5
g 150[
g 100
2
s 50
g
0 2(;0 4(‘)0 B(I)O 8(;0 IOI()O 1200

Blade length from blade root (mm)

Fig. 4 Von-Mises stress for LP steam turbine of

last stage
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650 T
— R=-1 A taites (Raw mat)
S & Non-Keiturcs (Raw mat)
E 600 @ ‘tailurc: (Depraded mat )
= O Nan-tailums. 11cpradod mat )
i
]
£ ° Agata
a [ )
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< L] ° [ ]
= 500 [ ] =
6 L °
&

fog-log scale
450

10' 10’ 10 10"
Cycies to failure, N,
Fig. 5 Results of rotating bending test for raw and
degraded material

Table 4 Fatigue test of raw and degraded material
obtained from staircase test

Stress

amplitude Sequence (Raw mat.) 0|X
i {(MPa)
3 | 540 X 01
2 | 535 X 0 X X 113
1 §530| X 0 X 0 0 302
0 | 525 0 0 210

Sum 66
Stress

amplitude Sequence (Degraded mat.) 01X
i |(MPa)
8 | 530 X 011
7 | 525 0 X 101
6 | 520 0 X 111
5 1515|0 X 111
4 {510 X X 02
3 | 505 0 X X 112
2 | 500 0 X 1] 1
1| 495 X 0]1
0 | 490 Xtol1t

Sum 5|11

( X:Failure, 0 :Non-failure)
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Table 5 The correlation coefficients of three
distribution for fatigue strength

3IES Weibull | 224 Weibull | Log-normal

Raw mat. 0.9442 0.9245 0.9423
Degraded mat. 0.9950 0.9792 0.9931

(Significance level @ = 0.001, critical value = 0.8199)

Table 6 The coefficients of skewness for fatigue

strength
3EF Weibull | 224 Weibull | Log-normal
Raw mat. 0.1677 -1.1057 0.0026
Degraded mat. 0.2759 -1.0181 0.0098

Table 7 The failure probability differences at minimum

and sub-minimum stress ¢, and ¢, of the

three distribution for fatigue strength

35 Weibull | 25 Weibull

dn dp dn dp dy dp

Log-normal

iaa‘: -0.0375]0.0578 | -0.0279|0.0674|-0.0217|-0.2860
Def::tded 0.0004 | 0.0084 {-0.018010.0076 |-0.0048 | 0.0110
1.0
= e ot T
= o0s} ®  Rawmat é
—— C.DF of degraded mat. I
- O Degraded mat. I}
Fnd
= 06} .1
B )
s é
a 04 !
2 .
= !
2 02} !
E ¢
© »
0.0
450 500 550

Fatigue sirength, &, (MPa)

Fig. 6 Cumulative probability of the three parameter
Weibull for fatigue strength
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carlo simulation
_ 1.8 .
Al 4 F()=1— exp[ . ( r—989.3 ) } Casel | Case2 | Case3 | Cased | Case5 | Caseb
4.7 Variation of angular
) 0.1% | 0.1% | 01% | 3% | 4% | 5%
velocity of rotor
o1 £—910.4 13.7 Variation of steam 1% | 10% | 20% | 0.1% | 01% | 0.1%
eel AH - = — —_— 170 () () .17 170 L1770
H: F(t) 1 exp[ ( 82.9 ) ] (6) velocity
Mean o.f zfpph.ed 252.6 | 252.6 ) 252.6 ) 252.9 | 253.3 ] 2533
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Table 10 Simulation results for characteristic factor
of safety and failure probability

Case 1| Case 2)Case 3| Case 4| Case 5| Case 6
Raw [C. F. S| 135|134 | 1321} 1.18 | 1.13 | 1.09

mat. F, (%) 10.2479{0.2479|0.247910.2479|0.24840.266 1
Degraded|C. F. S.} 1.27 | 1.26 | 1.24 | 112 | 1.07 | 1.03

mat. F, (%) |0.2483]0.2483/0.2483|0.2288}0.2550|0.3297

F, (%) : Failure probability

C. F. S. : Characteristic Factor of Safety
0.20
e Applied stress, case 3 ] Fatigue strength
----- Applied stress. case 4 f (Raw mat.)
+ + Applied stress, case 6 '
0.15F | = = Fatigue strength (Raw mat.) ' /
;‘ --------- Fatigue strength (Degraded mat.) ] '
@ ]
g g
o i \
é" 0.10F i )
:E Fatigue strength ! )
B (Degraded mat) | '
e ~a ! \
& 0.05f Fi .
3l
i
0.00Loier tmld
200 250 300 350 400

Stress, Fatigue strength (MPa)

Fig. 8 Comparison of probability density between
fatigue strength and applied stress in 3, 4, 6
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