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Statistical Analysis and Comparison of Fatigue Curve Models
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'Dept. of Industrial and Systems Engineering, Dong-A University
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Abstract

The fatigue has been considered to the most important failure mode where optimal
design or reliability prediction of the machinery in aircraft, atomic reactors, and structure
systems, etc., is required. When the statistical analysis of fatigue life data is performed,
some difficulties are present because of the following facts
heteroscedastic data, large scatter in the data, censored data (runouts), and existence of

fatigue limit.

nonlinear relationship,

To find the S-N curve models that characterize fatigue strength better, this research
compares existing fatigue curve models developed recently in terms of the residual mean

square and the estimate of fatigue limit, etc. for various fatigue data sets.
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t}. ASTM3 KSHZAME (2¥ D3 2
o] 230 58, AFd HEZFHES FHaH,
AZAPYARE Ao E JARYS o
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distribution) & WZ2E2g2 Y=WhYE A7

2¥g mEv ¥EUAE 44T 7MY

=)

Sz

3 ALE 28(x) FH(y)o e
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3.4 Castillo ¢ Hadi 23

Castillo &  Hadi(1995)+  Reversed
Generalized Pareto model (RGPD)dl 71%
g HEARENE A3 ANEE 2EE A
Alstz ded, & 2¥L E¥y 134X
5AF d4& ZEdaz Utk o] dAFS
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EA AR, F WA dANA vy
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gorpz B =RdM: IAARMEIH
Bootstrap W% ( "Efron & Tibshirani, 199
3, FR)E ol&dd oF ALY F U=
E AN Z2TY$ FAdsAh

3.5 Pascual ¥} Meeker 23

Pascual & Meeker(1997)= & S8 FE
A FHEFPo] FYFEEXE HETUL
7}A 82, Nelsond Edo| HZIERSF y

g 2y Tqstd g8ty ok TeElX
FE2ZIARE A E FHAZAFARE O
For RHPAFA A$FAWE ol gk
REES FASAL Atk x>y FEIA
H249 YE HSEAFEEE w228
Y=nYE r=hx 9 9 37 plx)s

28R olx)d AFEEE WE2E ¥7
PEESd BEUERTE G0 2o

F(y u(x),o(x)) = Pr(Y<y) = m[%gﬁ]

(11)
f(y;ﬂ(x,-),o(xi)) = 0(;.)3}/ ¢[ y;(;;(;c,)] w0
(12)
S, u(x) = By+ B In(x" —»), x>y (13)

o(x) = exp(ey+a;lnx’), x">7r (14)

AN, By, By, @y, @y, = EFOIL ye
(0, % mnp ) EShl EAEH, & 2 T
o] WASE /M AL Y FEE T
At} o] yo A7l S-NFAHAAM FE9
Fe AAKL 7t 09 AW SN 2
2 Ay -

wEA e EEs @ol z,d W 2 B
Fo $E4E 4 (159 2ot

n 1 8
L(By, By, ap, 21, 7) = 11;11[ O.(Ti)y"ﬁ(zi)]

[1— @z)1' ™% (15)

T3 Ae % 283 34 4 ()F (5)
o He 2 THIH v P
y= B+ fInx"—7) +e (16)
e ~ N(O’ozy_—: ezdo+201x)
I3y B RE¥e A A
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(regularity condition) & 9&3}A]
AEd ¥ Zo] Fisher ZRF 3
S ol &sty B HSFAZN U
EELAE ZAHLE ¥ F Ud

TCohen, Whitten, 1988, .
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A2 FARY I E FTAA 2
2¥L ANGeRN, FAZIE7t
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Pascual & Meeker(1999) = #24H
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o, Jlli-r‘%,‘oﬂ g3 A3 23 9=
B XSl Fde F A 54
g3 FEIAZIERFE S ALELS
EgdME Inys Y7 AFEX
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distribution) & WZ2& AS$E 2Edtd 3
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(173 Zeo] BEET, B¢t B2 HEF

12

s
o £
= 3

value




172/M&2 - =78

IEIM B8e| EAN 24 2 bl
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A9 AFolL, y WzBTolH, e
Agolth & RN B Zd3} £d5
A (5 AFREE dalgon & 2ge)

to

£z ZE2HAHL Pascual &
Meeker(1999) & #=3std #Hro},
y= Byt /lnlx'—nN+e Dy A7)

e ~ MO0,d)
Iny ~ My, o)

AEH THE Aol Agoivo
gebalal (E Dol Felath

LN

3.7 #ALY E vjuxnF

Aed EIES vy A 471X

o] D ZAPAR, & Freudenthazt o] &8
AAW(annealed aluminum  wire) X E(

TShen, 1994; oA AJL)9 Holmend
Concrete Z5.( "Castillo & Hadi, 1995, <
A A4¢18), Nelson(1984) 2] Nickel-Based

A2HA AAS 771Ae 28 (Sheno — Superalloy(eld}  Nickel) A& 18X
YL E 229) Razxuy pazg  Shen(1994)9M °|&H Steel Wire AEE
<E 1> 49 =¥ Hu
o5 = BEFHY
" * T Qg
?lsgrgi\;l y= /30+/31x+ E &~ N(O, 02) LSE/MLE 7}_.0_
Nel P = -
(16922? y=B+B(x—-m+e e~M0,o(n)? = ") MLE 7t
(1) X = Bo+}91y+5
Shen £~ MO, o)) }
LSE/MLE 7V
(1990) | (2) x = By+B,(v+ BN — BT+ By) + e M
Bi=—1, e~N0,a(n?
Castillo F(y) = (8, *; Byx+ Boxy+ Byy) P EPM@

& g, o 2T Bx—A) perventile method) B2Its
Hadi =T Y= Box+ Bs g
(1995) :100 . / LSE

¥,:100p percentile
Pascual y=B+BInlx—n+e . e
& Meek ot 200 =
a%07) e~ M0, 0} = e *)
Random ,
fatigue limit y=By+BIn(x'—n+e MLE s
model e~M0,0%), Iny ~ N(/‘r o"z,) S
(1999)
(&) %,y : original scale, x=Inx, y=Iny ,LSE: Least Squares Estimation
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w2 ASTM, Nelson, Shen(1), Shen(2),
Pascual 3 Meeker 89 E4E H$F
AYUS ol &3t FHA HZFH (WF)
FETFE HAsstrl 98 S-plus(Ver.
2000) & ol&3led ZzIPE FAAsgo
"MathSoft, 2000, . 18] 2 Castillo®} Hadi
BYAME W4 BF B, e FAH37] 9
3 o] EH L S-plusE FAAs R, S-plus
9 IAEY EES oLt UM 4y
E4E A9 141 g8 eR
ol B4FAHL Meeker® Escobar(1998)
7t AFA 4L 9 & 7 st
SLIDA(S-plus Life Data Analysis) & o] &
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oo} Zo] RFZe] $YAE wHZI
Aste] WA Aol HFAF( MSg)H B

T FAFY BELAE FIHASU, HE

AFLAE 4 (192 AJEn 2¥9 B2
Fo EEAFYS AFd HE&FH 2ol
Fisher JE % 2 §& ol &std +& &

At

(18)

197 AgE 2TADN =AY ARE =2
e 94 AP

el §-=H
(Likelihood Ratio Test) & o]&3ld %3
o HZxo gt f-94 AAS AN
Ak =y HALE F E¥9
viw szl A AFgE £ s W
Y7 382x3ds Ay, )9 &&
X, g7}t By d o 7+
Hoiae.Ql, Hllae.Q—.Ql (.QICQ(.E‘}[:

o AARA)NE AAT 5 Ak SEHE
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E
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0= 2, L(6)

max
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A= (19)

o} 7ol Y, 4714 L(OHE ¥ =
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LHE=M 28] BAH M Y Him

YEEY AREZA Qd 8 259 &
(A Q29 &8 B9 £(d)E ¥
Zol #Eth "Meeker & Escobar, 1998, . ¥
Aot EEo HAd $EFHE L1F L'E A
g&H —2Inde 2 (2007 7ol Had
1=
I

—~2InA= —21n(L1)

=2(InL*—InL}) = A2InL* (20)

28 A9 B EFES I 2,7 0,
(2,C2)Y © Wk A2InL*> ¥, o9

FAFE oM AF7HEel 71dHER 2
E H¥A Z¥ B/t 2¥ ARt o
sthe Ze ZhElgIH, vk V1ZE A ¢
O AR ARE SUAAN F EY7
o Aol7k Yo B 5 Utk

EY AEFHAEYS BEF HZrEoR
AN2FE FHAYG o9 ZA A7
F7rstel vinAdse BRdE LEA

(o]
T
Q

o o

J
o},
z}ztel B ZAFAE o] RIAEL F
o] 7 Ryt MSpd BELA
(E 2), N3ARs} AFd aH=ZE (
2>~{2" 27>,

ol oo

a
E2H7 A¥REE v

<E 2> 1A B2 E0 U 28 A5

AAW A2 Concrete 25 Nickel 258 Steel Wire 215
2y
B MSg 25 MSr 24 MSy 2 MSr
By = 22.617(0.423) By = —3.791(0.186) B, = 38.091(3.629) By = 65.819(2.873)
ASTM = —2.530(0.090) | 0573 | B8, = —26.065(0.774) |0710| B, = —5.961(0.784) |0471| B, = —7.818(0.417) |1.124
a=0.751(0.038) o= 0.825(0.067) o= 10.681(0.139) a=1.173(0.139)
By =10. 52610(6(20055)0) By= 1.512(0.30(902) 5 By= 10.532(0(.017(55)4)8) Bo= 11.895(0(.12&)2)
. 8=-1 il B, = —24.503(0.7 8,= —5.005(0. B, = —5.324(0.
Nelson || o' _0.421(0.05) | %9 | ap= —0.357(0.082) |O763| 40— —0'428(0.202) |%84| 4= —0.507(0. 117) | 2038
a,= —1.101(0. 085) ;= —3.212(0.662) = —2.138(0.995) = —3.118(0.289)
B, = 8.069(0.123) By = —0.149(0.004) B, = 5.911(0.203) B, = 8.172(0.093)
Shen(1) A= —0.315(0.01D) L o719 | 8= —0.037(0.001) |0756| B = —0.122(0.019) | 0.768] B, = —0.108(0.007) | 1520
e, = 0.265(0.013) o, = 0.031(0.003) o, = 0.101(0.020) o, = 0.144(0.016)
B8, = 8.163(0.420) B,= —0.271(0.003) B, = 10.576(0.880) B, = 9.645(0.0002)
8,= —0.401(0.055) 8,= —0.021(0.001) B, = —21.743(0.559) By= —0.596(0.004)
Shen(2) 8, = 1.877(0.929) 0.122| Bz= —0.00000.034) |0909| #,=1.175(0.145) 0.724| B, =21.820(0.604) |0555
B3 = 10.811(0.307) B3 = 5.652(0.219) B3 = 0.332(0.00014) B = 6.545(0.0002)
o, = 0.178(0.008) a,=0.021(0.002) o, = 0.098(0.019) o, = 0.069(0.008)
By = 15.896(1.010) 8= 1.901(0.083)
Castilto A= —4.841(0.273) B, = 8.993(0.515)
B, = 0.616(0.032) 0.121 | B, = 0.469(0.051) 0597 N/A N/A
% Hadi || 8,= —2.151(0.120) B3 = 0.489(0.029)
B = 0.738(0.052) B, = 1.072(0.055)
B, =13.978(0.108) By = —9.514(0.469) By = 14.748(1.813) By = 27.357(1.034)
Pascual B, = —0.932(0.024) 8= —8.636(1.451) 8= —1.392(0.421) By = —2.606(0. 152)
7 = 50.537(0.160) 0.117 r— 0.525(0.044) 0594 | 7= 75.708(5.874) 0521 | r=511.02(8.918) 0.749
3 Meeker = —(.080(0.398) = —0.978(0. 159) = 10.974(5.101) ay = 14.363(2.524)
= —0.219(0. 085) = —2.666(0.663) ay = —2.501(1.104) ay= —2.221(0. 366)
By = 14.090(0.097) By= —9.370(0.499) By =16.390(2 .863) 8y = 25.33(0.978)
Random A= —0.961(0.021) A= —8.346(1.39) B = —1.785(0.651) A= —2.304(0. 143)
fatigue limit|| o= 0.336(0.000) 0116 { o= 0.295(0.155) 0597| o= 0 544(0.146) 0484 | o=10.181(0.032) 1546
model || #r= 3-920(0.002) »= —0.634(0.079) #y = 4.259(0.132) #,= 6.265(0.030)
a,= 0.010(0.000) cr = 0.033(0.008) &, = 0.052(0.042) o,=0.070(0.012)
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<E 3> 47tA J2age d3 =8 A 23

AAW Z8 Concrete A5 Nickel #& Steel Wire 28
IF| =¥ d| d| v
2InL A2InlL | 2InL | A2InL| 2InL | A22InL| 2InL A2InL
Pascual3t| 44682 -385.028 494378 -1563.738
Meeker

Nelson | 4| 5| 1 |-4739.908|-271.708+|-395.786 [ -10.758+ | -501.402 | -7.024* |-1602.028| -38.29*

ASTM | 3| 5| 2| ~-4793.67 | -325.47* | -420.592 | -35.564* | -505.272 | -10.894* | -1723.298| -159.56%

Shen(2) | 5 -4218.298

130.608

-418.582 -1346.386

Shen(l) | 3| 5| 2 }-4377.016|-158.718+| 73.296

-57.312*| -419.978 | -1.396 (-1445.418| -99.032+

o« 7P 928 Z8F] Fo4 EA(e=0.06)

28 AARE (F Do HY3AL, v
71E9] vl HRAT e FAHXG ZA}
AN FE A2 Aol (F 4ol

(B 2> A3E B AAW, Concrete9t
Steel Wire ARAAAME 7T7H" 28 =
MSpEhdaA ZtZ ZEIRIERY,
Pascual 3 Meeker 23, Shen(2) 239
MSp7t ©E 2o uls)] o] Fon=
7t 538 A %, Pascual® Meeker 238 o]
AAWS} Steel Wire AAR 9 Aoz HAa
MSRE 7HA= 24 vjg I 27t aA
22 2ol tig ol AFELE
22 8% Pascual®t Meeker 82
g ok =¥ Nickel A79) A$E
93 = 7} Bo]A = Shend F I L A9
Ie vHA 2F FAP== FAR A
2 HoRA
83 ¥ FHY AEEURE FP=EE &
ANHe g A7 st JH=TE 5d3
Zol (O¥ 2)~<a¥ 27>°] ‘0’ BAI(‘s°
ASFTEAE)= AA AEEES e
2 o] FEH Y JAE vy 9

Rt g o

o o 2 v v &2
e o

g rjr

gatA 2 ALE IAT FFRP ¢
A4S v 2ol #dg & Arh

(A¥ 2)~<2¥ 82 AAW Azl 774
ol R¥g A3 IWZE TN B F
BENZIELTY, Pascual 3%
Meeker 28, Castillos} Hadi =¥ o=
HEAEAEE ZF A3tz Ut (O™
9>~(1¥ 15>+ Concrete A7) 7789 &
¥g A A74E JdgzZE =N AL
2 o] A$ox Pascual® Meeker X3 o]
& E3gEg s dtes As & F A
o (2¥ 16)~<{2¥ 21> Nickel A &E}
Castillo ¢f Hadi 23& A% 67 R¥ S
A AFAE EAS ZoZ g xF
vl HIJErt R} o] xJo] o)
MSR2 v28 H$o ASTM, Nelson, &
E9Z%%, Pascual®}t Meeker 89 ¢2

SFAT EAHOZ = zo|rt FF
A veuA &1 Ao (A" 22>~(3d¥
27> Steel Wire A5 g 77 23
A4 JYEE o] FS= Shen(2)9) %
A8 B3P Pascuald Meeker ZHo|l %
Sal-1a=
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<E 4> 4t g2z 235 X9 g7t

3 AAW A8 Concrete A8 Nickel 25 Steel Wire A&
=
HRPE| 95% MNATR ([A2PE| 905% VT (A= 95% AFHE (V== 95% A3
ASTM | 13053 | (11.224, 15179) | 0466 | (0.450, 0.481) | 39.885 | (31157, 51.058) | 576514 | (538291, 617.451)
Nelson | 3206 | (2240, 4589) | 0448 | (0430, 0.467) | 32950 | (23613, 45.980) | 416547 | (367.440, 472.218)
Shen(l) | 19925 | (17645, 22500) | 0482 | (0.433, 0537) | 51.676 | (19.018, 140.415) | 620794 | (412.139, 935.087)
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Pascual ¥ _
Meck 50537 | (50223, 50.851) | 0525 | (0439, 0611) | 75.708 | (64.195, 87.221) | 511.02 | (493540, 528.500)
CCKCT
Random
fatigue | 50.400 | (49.402, 51.419) | 0530 | (0.497, 0.566) | 70.739 | (63.880, 78335) | 524.84 | (458520, 603.050)
limit model
2y3 H9FHYYE o]&&= Pascual & o s AFEr} =4 F7 FE2ZAx
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