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Abstract

This paper presents a new approach to fitting fatigue datasets to three-parameter Weibull distri-
bution by adjusting location parameter t, and maximum accumulated fatigue life rate 99% in or-
der to match the intrinsic higher moment statistics such as skewness and kurtosis from sample fa-
tigue data directly. Thereafter, the parameters x and A of the Weibull distribution from various
manufacture technology can be well estimated. The expected standard deviation o, mean u and
accumulated failure life L10 can be calculated and compared as well. This new approach has been
justified due to available experimental data of McCool.
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f(t) ﬂ—exp{—(%j’(} (A4,t,x)>0 (1-2)
H—B4 t DL ABALTHE, WIS 2 H — b RS s IR 53 A -
f(t) =1—exp{—t”} (t,x)>0 (1-3)
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2.2. B /RS TR0 B FlEE
SRR ZEON « AT 7R o0 A B RHE skewness:

y=[r,-3r,n,+2r8] [T, -2 " @)
M3 75 0% 5 excess Kurtosis (LA AR U4 B2) 7T 425X (5) v 5.«
y,= {(r4 ~4r,[, + 67,12 -3r¢) /(1,12 )2} -3 ©)

A, T =C(1+i/x), & gamma %I = 1, 2, 3, 4)o 8P 2500 (1 3 BTAYEE RIS 2y, Ry, o B I8
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n=(m~+m)/2 ©)
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3.1, Rt

1982 4F- McCool [4]/k 3R 1% =M sii ik iIea: M50, T15 I A SR B2 HEE A
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3.2. RIEEERKEVHS
TFhSELG T RSEH 9 MNMANEERIE 57 B an s Wk 2.

N EIPIAT 52 McCool SR HIR R AR (MLE) UL 1 2 BUsiAfi 7R 73 A1 153 2 IR i 1 10% 482 R 12k

R 6 o
1) FmBaRm S BB R ARl a

AAEEH R ABRRIEMLE) N & 2 Bl it RS BB RIS H e, 4 MG RSy, SR IE
3o Hrt i A3 2 1 McCool Hfa 72825 . & M/NEIKHESI 2 {H, CVEM M50 fi/)s, PP CRB-7 i K.
2% McCool #2 fit f) 2 41 9% 57 K4 2% BOpL i AR 3T H 4R, X T 250 1 K /i BE/N T 2.61
(n=r=10,k =5), ARCHHE ., /K, = 3.4644/1.89622 ~1.827 Al N &1 . RTTHIA TR EEAEIE 1.

FEE U (R IR):
tor tye B SR AT BN TR 44 L4 2k 0 ) (10° %)
oo A ORISR TSN O BRAG AR TR 0 (TG B ) LR <2 30 (10° )

Table 1. Test codes for five manufacture technology
F 1 REBBRITZRINEG

AN T BHTE AR R 44 R AR
CEVM M50 T HEFE M50 CraMo4dV T H4
PP M50 mARIA S M50 A -
VIMVAR M50 BAERL + AR M50 7] I

PP T15 WARESE T15 CoMo T.E4

PP CRV-7 MARIGE EX00007 AN

Table 2. Fatigue life of five manufacture codes
2 AATZMRFHEGHE, B10°%
RIARAD
CEVM M-50 PP M-50 VIMVAR M50 PP T-15 PP CRB-7

3.19 3.03 5.88 3.46 6.43
4.26 5.53 6.74 5.22 9.97
4.47 5.6 6.9 5.69 10.39
453 9.3 6.98 6.54 13.55
467 9.92 7.21 9.16 14.45
5.78 12.95 8.59 10.19 16.81
6.79 15.21 9.8 10.71 18.39
9.37 16.04 12.28 12.58 20.84
12.75 16.84 25.46 13.41 2151

L1026 5.06 3.49 472 8.83
K 2.32 2.59 1.94 3.13 3.68
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5 =0 (1)~ 1 (t)} /0 )
ﬁ#ﬂﬂ%ﬁ%ﬁﬁh%%ﬁ%ﬁ$,f@mdﬁﬁﬁﬁﬁﬁﬁﬁmgﬁ%ﬁﬁo?%,Eﬁﬁﬁﬁi
& BB R T A BRI R R IE 0 2

f

CVEMMS0: (1) =1-exp{(1/7.03549)"™|  t>0,t=t,t,,-.t,

PPT15: f(t)=1-exp{(1/9.62393) ™| t>0,t=t,t,, -t

VIMVAR M50:  f (t) =1-exp{(t/11.353)

1.89622 }

t>0,t=t,t, -t
PP MS50: f (t)=1-exp{(t/11.862)"""}  t>0,t=t,t,, 1,

PP CRB-T: f (t)=1-exp{(/26407)"™| t>0,t=t,t,,1,

3.3. BREH t, M B ERZRMEFMIEEE

TG L ZBENLE 55 77 i 4 to A B IR RAE I G F0 80 n W& 40 RSP S B NIRFFIE A SUE
if AR BEI L 3 (/e BUAGLE S HL t R IEE TS R E IR 2480 4, TR 24
WA S84 B0 RAH=ZSHBAIR DA Ky [ K =1.08144/1.0204 ~1.0598 LL 2.61 M3 £,
i HALEFRE n #IRESE 1o X RIS FAE BRI AR, EM RIS, REMNEE, KA
SIAEAS B BAER . SEAh, R ARG SR RS S8 4 #R R, (AR BT AR R
At T 2% vl A 2 A i PR R T A DR (1525 1 5 5 45 VIR SCHR[5]

Table 3. Fitting five fatigue dataset to two parameter Weibull distribution
3. DR FHIEL SRS RBEM /RO HIER

52

R t,  df K A u c ” 72 k() K() n
CVEMM50 0 1275 23005 7.0355 6.2011 3.0501 1.4996 18016 1.2113 14075 0.0166 0.5692
PP T15 0 1341 29268 9.6239 85511 3.4786 —0.0217 -1.4099 3.6949 NA*  0.0070 NA*
VIMVARM50 0 2546 1.8962 11.353 9.9822 6.1273 24707  6.4590 0.8698 09781 0.0262 0.4849
PP M50 0 1684 23971 11862 10491 5.6660 —0.1355 —1.5698 4.8960 N/A*  0.0070  N/A*
PP CRB-7 0 2151 34644 16.407 14704 51584 -0.1744 -1.0513 4.4750 NA* 0.0048 NA*
NA*: No solution of k in normal range (0.5-5.0).
Table 4. After correction of y; and y,, fitting five datasets of fatigue life to three parameter Weibull distribution
=4 RARIBEFESEMNEMEEEERMUE=SRBH RO MG
RIS to te K A i o K(p1) K(y2) k()lk  K(p)lx n P A+t
CEVM M50 29359 16.5 1.03187 3.7341 3.6819 4.1237 0.9756 1.0881 0.9455 1.0545 0.9999 0.011 6.67
VIMVAR M50  5.4669 20.5 1.02040 4.0021 3.9643 45919 0.9643 1.07565 0.9450 1.0542 0.9996 0.011 9.47
PP T15 3.2237 25.0 1.08144 6.8129 6.6152 6.4113 1.0518 1.11107 0.9726 1.0274 0.9999 0.005 10.0
PP M50 2.6666 37.5 1.04561 10.279 10.098 10.230 1.0121 1.07912 0.9680 1.0321 0.9999 0.006 12.9
PP CRB-7 6.2439 40.0 1.07474 10.786 10.516 9.7990 1.0488 1.1829 0.9759 1.0241 1.0000 0.005 17.0
DOI: 10.12677/5a.2018.71009 69 Guit 5N H


https://doi.org/10.12677/sa.2018.71009

FHE

=B KA IR 57 75 i RARR R RIE A 7072
CEVM MS0:  (t) =1-exp{((t-29859)/3.7341) ™'} t-t,>0,t=t, byt

VIMVARMSO0:  f (t) :l—exp{((t ~5.46685)/4.0021) t—t,>0,t=t,t,, -t

1.0204}

PP T15: f(t)=1-exp{((t-32237)/681288) "} t-1,>0,t=t b1,
PP MS50: f (1) =1-exp{((t-2.66663)/10.279) "} t—t,>0,t =1L, 1,

PP CRB-7: f (t)=1—exp{((t—6.2439)/10.786) t—t,>0,t=t,t,, -t

LRSS IER A et (t—t, ) /A 34k, FHE 45 DERmG 4L, AR URIE SR
PGS EEAT R AR R R, R 5.

fit & 5 B AT IR AT AR B 5 ke = 1.03414 1R BT T4 « “F¥MH 1.0508, R~F &% 1 = 0.99977 1R EEiL
1, T HWE TSy (7,7, ) = 0.97245 R B & 2 BRI .

NHEVHSYE p ArEZE o FIFIE Ffr L10,
3.4. ¥RfEE o, HME 4 MBESF® L10

SRR S H «c MR SFSH A BT IR 0 A A EEZ o 72

o= A[T(1+2/x)-T* (L+Yx) | ®)

1.07474 }

SMEL o
p=A(F(1+Yx)) ©)
BN fir B PO BRI 22 o RIS o T B GETH AR ST, eI AT 2R AT o A e 2 35— S0l
AERIOHA I8 55 1) B AR A
R 6~ 7 L, ANE R SHEESHE SRR B R SRR D5 SIS B R i 8L
TR AEREIE 57 s AR HE R o LB BT R 3410 o 5 BRI o IBENLIRZE A RETARARIE . b4,
HEE p1s o =S HEUE T E K BUE A @ L10 LIS HI/D, OSBRI 52 Mt 5.

Table 5. After correction of y; and y, fitting normalized five datasets of fatigue life to two parameter Weibull distribution

F 5 REARFFGEMNEMEEEERS—RENASHEHRTH

Sample size K p) u" c 7 72 K(p)lK K(p2)lw ]
45 1.03414 0.99977 0.985686 1.022956 2.141368 5.117933 0.9566 1.04877 0.97245

Table 6. Standard variation, mean and life L10 from fitted Weibull two parameters and from five datasets
6. MEREA RIS AEMIES EM T ENREE 1, 1ME o MFESES® L10, 10°%

gt u o L10
R Welb data Welb data Welb data
CVEMMS50 6.23286 6.20111 2.8734 3.05005 2.6453 N/A
VIMVAR M50 10.0749 9.98222 5.52544 6.1273 3.4462 N/A
PP T15 14.7542 14.704 471224 5.1584 7.6063 N/A

PP M50 10.5152 10.491 4.67029 5.666 4.6404 N/A

PP CRB-7 8.58483 8.55111 3.19003 3.47859 5.0372 N/A
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Table 7. Standard variation, mean and suggested life L10, from y;y, corrected Weibull parameters and from dataset
£ 7Ry, WA RAMHIES ESHBH RO MNIREE o, 1918« FBIEE® L10, 10°%

Guit& u c L10
NI Welb data Welb data Welb data
CVEMM50 3.68681 3.6819 3.5734 4.1237 0.704054 N/A
VIMVAR M50 3.96889 3.9643 3.88977 4.59185 0.962253 N/A
PP T15 6.6168 6.6152 6.11893 6.41128 1.135922 N/A
PP M50 10.12787 10.128 9.6868 10.29 4.640414 N/A
PP CRB-7 10.49008 10.516 9.76759 9.799 8.569376 N/A
T ASCRA 7T HRIRA AR T O RN L10 HiE, RIEFRRG T RS, BREETA

I FEE s, RAEEL, AU TAE a6 BB A se A —RE, EATMSERR A A L10 2 28], Bl
X E LR, I T B S P PR B R 5T IR A% S HE I L10.

4, 4Eig

AT T S0 = AR LA R ok T 2 R 5 A i 4Uh 5 AT R 0 AT R A i

1) AEH BEATRS BN TR, I8 A B2 1 DR A AR TE &, AR T ZT
WE =S HUBATRBR o ST, ARy BT . S MA R L ZHE 57 %t A TR S H e, R
NSO AREE o0 WMH p RVBUE TS dr L10 #REUEL A 2. X EMTIAMETEZLL . HEWLX A6
Hm s iR 7 AR . WURA 2 KRRt A G IS A E REFRIILSIRE ¢, WTRERFEABEA L,
A7 ZR G0 A 22 B 5 57 s i At 2 A TS

2) WHICIE AR T EXHUE 77 fr L10 fUsEmiis, RO S8 MRS H c #RE E . R A RS A
0 i HARAKE, RSPS84 RERIER.

3) I E [ RAEANFAG R GEWN T, B, 1B, BRWMESESE)KBUE AFar L10, HUfFaAse
PIRe T EREN TR

4) ASCABFCREHUE 57 Bt (I A A2, RS BRI, 1 s S0 A4 K™ R i 1) il AL
g At 2%,

A
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