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A Evaluation of P -S - N Curve of Low Pressure
Steam Turbine Blade Steel
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Abstract

In order to evaluate variation of fatigue data of the LP steam turbine blade steel, it is important to
estimate P -S-N curves to accurately define the probability distributions. In this stady, new
procedure is introduced to determine the expression of P -§ - N curves. For this purpose, 3-parameter
Weibull  distribution was found to be most appropriate among assumed distributions when the
probability distributions of the fatigue life were examined by the proposed analysis. Furthermore,
parameter estimation for P -$ - N curves was performed using various optimization to maximize the
correlation coefficient. As a result of this, sequential linear programing method is used for estimation
of P-S-N curves.

1. A B

AA-Fz2e A% 9 Sousie wyo S AMEA Rn wFH AAd AP FEEA
2 A2 2dd FFEHY Bdo) iy, 2BVg g o] ui¢ Basid.
Bzo FazyE 9 £9e Yo Bgay 7 o Y e dFEL YRR gzauz
&&ae] MEXN Soz dld AARA mw  Z7F hEATEE(log-normal distribution)ol] wETH
BogE B82d E4L a3y pos-NAE £ M &l FHEAT dg £ Line” #
(probabilistic S— N curve)] W7b7} Zashc) =2 Nishijima®e 207) 9)¥ke) e 92 oy 2 7E
d #2234 42 98 JEAge teg gz BFHeR s-NAEY A P AN
9 A28 Q7o B A B4R u4  Th Nakazawa 5O 147) APHE ol 4 TAH
o] Futgolo} k. Jmz xgdel Ao o < ATAPPRS 2sEta, o]2HE p-S-—
ol #7le) Be W24y A2y 2oy g4 NAEE Yristach £@ Ling 592 He 9z

dolElg R e 325 S— NAEE Titu, H¥F

*: iﬁ%ﬂ;{jﬁ?;}ﬂngﬁ 2% B (maximum likelihood method)el ¢j&tey P~
CoBeAR, 59, dgdnw AATeE S—NAEE Frsigick ey olde AFE
E-mail: kimj@hanyang.ac kr 2 A A2y ABE oj&std d&d] Uy
Tel: (02) 2290-0563, FAX: (02) 2291-6707 AFRYE wagn HAsgozs Hgad BB
Fxo Agtie) e Fejxd p-S-NA=

-272-



Table 1 Chemical composition (wr %)

Material| C | Si [Mn| P S | Cr|Mo|Ni|V

;zstt 021} 0.3 [0.420.023(0.001|11.77] 0.92 |0.61|0.27
Table 2 Mechanical properties
= - -
‘ Yield | Tensile Elongation | Hardness Gfam
Material | strength | strength %) (HB) size
(MPa) | (MPa) ’ No.)
Test mat.| 778 993 20.1 304 5~6
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Fig

Stress amplitude, S, (MPa)

Arrange all data in ascending
order, or rank them

f

i Calculate the observed
probability of failure(F,)

LEN)=(i-03)/(n+04
=123, ..,n

'

" Select a probability distribufion |

f

. Determine the initial value

i

Obtain a set of optimized parameters
for the selected distribution

Find; a set of optimized parameters
21,2525 ..., 2 (j=1.2,..,K)
Maximize; correlation coefficient
r(Z),
Subject to; F,(N)- F(N)=0
where F, is the expected
probability of failure

{

Selection of the best in optimize
techniques with r

1. MMFD

2. SLP

3. SQP

. 2 The flowchart of the optimization technique

for parameter estimation
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Fig. 3 Results of rotating bending fatigue test for
turbine blade steel
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Table 3 The linear correlation coefficients of three

distribution and relevant critical values at given
significance level «=0.001 for fatigue life data
3-parameter|2-parameter{ Log- Critical
Weibull, » | Weibull, » | normal, » | value, r;
600 MPa| 0.9990 0.9977 09946 0.9636
580 MPa| 0.9934 0.9785 0.9946 0.9636
560 MPa| 0.9674 0.9694 0.9626* 0.9636
540 MPa| 0.9843 0.9799 0.9842 0.9636

(*: violation)

Table 4 The coefficients of skewness for fatigue life
data

3-parameterW |2-parameterW
Log-normal
eibull eibull
600 MPa 0.0416 -0.5005* 0.0527
580 MPa 1.1495 -0.0627* 0.1031
560 MPa 0.9806 0.1873 0.1331
540 MPa 0.8794 0.3258 0.1528
(*:violation)
Table 5 The failure probability differences at

minimum and sub-minimum lives N, and N, of the

three distribution for fatigue life data

32 4-Weibull | 22 4-Weibull Log-normal
Level dp dp dn dp dy dp
600 MPa| 0.0003 | 0.0065 | -0.0088 | 0.0193 | 0.0146* | 0.0032*
580 MPa| 0.0003 | 0.0016 | -0.0230 { 0.0354 | -0.0061 | 0.0215
560 MPal-0.0179{ 0.0709 | -0.0169 | 0.0898 | 0.0051 | 0.0962

540 MPa|-0.0227] 0.0613 | -0.0264 | 0.0719 | -0.0100 | 0.0697

(*:Non-conservative)

-274-



FoA Mg F& AFAELE gt F A=
7t E¥xEY =2 =293 f;‘écMH U X A (the
consistency with fatigue physics)& ZAESI7] $8to]
Table 4olA d|th3 A A<=(the coefficient of
skewness)E  FUpEtgth. 2Eg olEE X
(2-parameter Weibull distribution):= 580MPa %
600MPacl X &9 E(g<0)& 7HAH, dFATE
EE vdF o] oo IR olE HIHEF

32 & 2k(rreversible cumulative damage) ol $viE

*ﬂ HAZ B4 HAE $s5to] Table 59
259 B %Y(tailed parhl A A3 gk
o) Atole] @ A} X4(error-parameter, o ;)"
A5 7rek Ak dE AT EEE 600MPacl A
ojmz Agol e 01“91 AE
2 5g 2 A59 H24Hd d g Ayt
GEREE IEF JolEEEYL ¢ 4 A9 F
12 Fig. 45 600MPadllA 74 & & (cumulative
L

probability)E Z7re) FAFEFULEFF A Jeb
Zoltt.

32384 JO|EEE p_5- NMET

719 P-S-NARY A7EL @& U
RAFELo] Zatgo] Hrbsgioh G250 ey
2 A7d A8E ARe 25 Yo Ay
FEEITE 33RF YgolBRyolmz oo wE

P—S— N¥E9 sy} 8asc)

Fig. 55 9olER ¥ @WE p—S- NHEY
B7HE ¢ AFEES HE Aolth WA zH7t
of gEdAdA FH2+H e b median), N,
SZHE 4 )9 L P=50%olA S— NAE
& T3

S= AN, " @

4714 A, BE AsAgolnh

P-S— NAES FRoN ztzte @A
T

A Nz ge wggel EAREE olF YA 1
de & Q= FFUS gast ol FEus
= 4 @3 2ol WEHEA H25EH s

&l A dlog NojTh

dlog N; = logN;— logN,, (i=1,2,....n) (3)

S, = 600 MPa ;
z
z
£
[S
[=%
.g 0S5t
g
5
g 1 Z
3 <=+ 2 purameter Weibull

—— 3 parameter Weibull
O Testdata
0.0 boms=
3x10° 4x10° 5x10° 6x10° o' 8x10’
Cycle to failure, N,
Fig. 4 Comparison of cumulative density functions at
S,=600MPa
S N
Start

Fatigue test at different stress level

|

Linear fit of median value

Aog N;=log N;—log N,,,

'

P - S- N equation

log¥, - fog3; ~logA _ 4 W
LR8N )R- expl - ————E——— | |
n J

Optimization technique
i Maximize r=r(n 6y
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