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S; =262.8 MPa
Smax = 262.8 M Pa S, = 336.7 MPa
Smin = - 410.5 MPa Sn =- 73.9 MPa
S .
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Smax = 306.6 M Pa S, = 392.8 MPa
Smin = - 479.0 MPa Sm =- 86.2 MPa
S .
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Table 1 Experimentd resultsof seven series
Series No. 1 2 3 4 5 6 7
To ditermine | To ditermine | To ditermine | To ditermine | To ditermine | To ditermine | To ditermine
Experimenta Ro , tenson N; , fatigue R , tenson R ,tenson N; , fatigue R ,tendon R , tendon
contents fracture fracture fracture fracture fracture fracture fracture
directly directly dter dter directly dter dter
under S; 15x10% cyde | 22x10* cyde | under S, 8x10* cyde | 11 x10* cyde
under S; under S; under S, under S,
No. M Pa] No. M Paj No. MPa | No. MPa | No. MPa | No. MPa | No. M Pa
1-1 948.1( 2- 1 17.0|3-1| 176.9 |4-1| 127.8 |5-1| 11.6 |6-1| 178.2 |[7-1| 51.6
1-2 996.1( 2- 2 18.0| 3- 2| 337.3 [4-2| 211.2 |5-2| 12.2 |6-2| 201.5 |[7-2| 168.3
Experimentd [ 1- 3 10304[ 2- 3 18.0| 3- 3| 442.3 |4-3| 228.1 [5-3| 12.2 |6-3| 201.6 |7-3| 171.2
results 1-4 1033.6|2- 4 19.8| 3- 4| 424.8 |4-4| 239.2 |5-4 12.5 6-4| 222.4 |7-4| 196.8
1-5| 1043.6/2-5 20.4|3-5| 714.7 |4-5| 242.3 [5-5| 13.2 |6-5| 367.1 |7-5| 252.2
1-6| 1064.4|2-6 24.7|3-6| 840.8 |4-6| 313.9 [5-6| 14.7 |6-6| 406.8 |7-6| 254.6
1-7| 1068.8/2-7 22.2|3-7| 846.0 |4-7| 339.9 [5-7| 16.0 |6-7| 475.0 |7-7| 448.2
1-8 1073.2]12-8 22.4]3-8| 892.5 |4-8| 390.8 [5-8 16.5 6-8| 676.2 |7-8| 480.7
2-9 22.8/3-9| 912.1 |4-9| 449.1 [5-9| 17.5 |6-9| 764.3 |7-9| 483.1
2- 10 25.6 4-10 457.3 [5-10] 18.8 |6-10 851.8 |7- 10| 536.3
2- 11 26.5 4-11 518.7 |[5-11 19.5 7-11] 690.0
2-12 27.3 4-12 674.0 |5-12] 20.3
2-13 56.0 5- 13 22.6
2- 14 228.0 5-14 25.8
5- 15 26.6
5-16] 27.0

Note: 1) Ry —tnitiative strength, 2) R, —redsdua strength
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Table 2
Series No. 1 2 3 4 5 6 7
v -99.3 1.61x10° -878.4 23.5 -2.583x10° -99.2 - 156.2
) 214 y V ) V :0.
2 vV 16.1 x 10%, 2 17 x 10* ,
4 Vv 4 Vv )
3.3 1 8]
(14) , \ (BLIE
) (BLUE ). ,
, 3.
3
Table 3 Parameter estimation of the experimenta results of seven series
Series No. 1 2 3 4 5 6 7
BLIE m 33.67 1.226 2.543  6.292 3.615 1.705  1.746
method 1050.8 37.46x10° 688.7 396.7 19.99x10" 497.4 388.2
BLUE m 33.22 1.227 2.571  2.488 3.614 1.71  1.746 u
method N 1070.1 37.42x10° 704.8 395.0 19.8x10* 497.1 388.2
3.4 R-N
R N n , n (6)
R-N Lo’ . 18CrNiWA gﬁ-
da da ~
, dN c n, 10 dN , n= 2.0
( 1.947 2.037 ), , n=2. , R-N
R = Sexp[%(Nf- N) (7)
3.5 R-N B
(7
MR = Sexp[%(Nf- N) (8

2|an3 =B(Nf- N)
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yi:ZInEL, Xi:Nf' Ni
B
S1
P 0.90 0.50 0.10
B 3.50x10°% 10.47x10°® 3.37x10°°
Sy
P 0.90 0.50 0.10
B 1.17x10°° 1.05x10°° 1.17x10°
4 PRSN
: 18CrNiWA
S
P=0.9 |, R = 262.8exp['12‘ x 3.50 x 10°5(73.962 7 x 10* - N) (15)
P=0.5 |, R = 262.8 exp H‘ x 10.47 x 10°%(27.780 1 x 10* - N) (16)
P=01 , R-= 262.8exp[‘]2‘ x 3.37 x 10°°(5.975 9 x 10" - N) (17)
S,
P=0.9 |, R = 306.6exp[‘12‘ x1.17 x 10°°(25.173 3 x 10 - N) (18)
P=0.5 |, R = 306.6 exp H‘ x 1.045 x 10:§(18.062 6 x 10* - N) 0 (19)
P=0.1 |, R = 306.6exp[‘12‘ x1.714 2 x 10°°(10.726 5 x 10* - N) (20)
Si S P-R-N 3 4, P=0.5 R-S-N 5.
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Fig.3 The P-R-N curve under

S1=262.8 MPa

Fig.4 The P-R-N curve under
S, =306.6 MPa

Fg.5 The P-R-N curvefor
P=0.5
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STUDY ON THE REL IABIL ITY OF RESID UAL
STRENGTH IN FATIGUE

Zeng Shan
( China General Company of Oversea Engineering, Shanghai 200122, China)
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Abstract  Reiability study of fatigue problems can be divided into two types. Thefirst typeis
that we can only condder the fina results of fatigue processfracture. The failure probahility is
P; (N) = P(Nf =N). The second typeisthat we must consder the fatigue process and take the
component’ s strength (i.e. resdua strength) as the function of cydic number N. It’ sfalure
probability is Pr (N) = P[ R(N) =S].
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We assume that the stage of the crack initiation isfinished. Then the resdud strength R
and crack length a have the relation: R=0- K. “2. The crack growth rate of materia can be
described by Parisformula: da/ dN = ¢- A K". Udng these two formulae we can get the R-N re-
lation.

The engine connecting bar materia , 18CrNiWA sted , was used to prepare seven series of
gecimens. The experiments are conducted on Amder 1478 fatigue testing machine under two
sressleves:

Smax = 262.8 MPa, Spin =- 410.5 MPa, S mx = 306.6 MPa, S nin =- 479.0 MPa

By meansof these experiments we can get the P-R relation.

In order to get the probabilistic distribution of thefatigue resdua strength , we combine the
R-N reation with the P-R relation statisticaly. Findly, weobtainthe P-R-S-N curves. (here,
P-failure probability , R-reddud strength, S-fatigue stress, N-life-timein cycle)

The condusons are asfollows: 1) The P-R-S-N curves of 18CrNiWA sted have been ob-
tained. 2) Rdiability anadydsof fatigue resdud strength of machine componentsis very i mpor-
tant for mechanica desgn and materid sdlection. 3) The andyticd method in this paper is of
great va ue to other machine component.

Key words fatigue,resdua strength,rdiability, PR-S"N curve( P—Failure Probahility ; R —
Resdua strength; S—Fatigue stress; N —Cydlic life)



