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ABSTRACT

In this paper, the theories of fracture mechanics and fatigue are used
for studying the fatigue residual strength. The probabilistic analysis
method is introduced for analyzing this problem. Through the experiment
of seven series of specimen, we get the P-R-S-N curves of the connecting
rod of 18CrNiWA steel. The analytic method presented is also suitable for

other materials and components.
INTRODUCTION

In 1977, Talreja and Weibull[1] has proposed a new method con the
analysis of fatigue failure based on residual strength. Later on further
experiments and analysis on this subject are presented[2’3j. Unlike the
more common cumulative damage methods, which are usually based on fatigue
life data, the proposed method is based on tensile strength data, which is
loaded in tension after pPrespecified numbers of cycles.

Based on this method, the fatigue residual Strength of connecting rod

have been studied and some useful results was acquired.

ANALYSIS

1) Assume a visible crack is arised and it will be propagation. The
relation between residual strength and crack length given by Griffith-

Irwin is as follows

f-

R = aK.a (1)
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where K, is the fracture toughness of material; a is the crack length and a
i3 a constant.

The crack propagation rate can be described by Paris' formula
da _ooai® (2)

It can be rewritten as

%S— a2 (3)

where B is an experimental constant.
Taking derivative of R and a with respect to the variable N in both

sides of Equation (1) and substituting the Equation (3) into it, we have

drR 1,n-3 (1)
= YR
1 -2
where Y = EB(Kcu)l (5)

2) For the 18CrNiWA forging steel, the parameter n is determined as
follows: 1.523, 3.11, 1.711, 1.947, 1.948, and 1.982.
The average of n is equal to 2 approximately. Then integrating the

Equation (4), the following result will be obtained
; 8
R = sexpls (N — )] (6)

where S is applied stress; Nf is the number of cyclesto failure.

EXPERIMENTAL

1) Material and Specimen:
The material used was a 18CTrNiWA steel and its chemical composition

and mechanical properties are listed as follows:

Slement ¢ Cr Ni W Si Mn S P
Content
in % Wt. 0.20 1.+53 4.08 0.98 0.17 0.25 = 0.030 £ 0.035

~0.37 ~0.55

Mechanical 0= 91.5kgf/mm?, 0y = 112.0kgf/mm?, 85 = 16.5%,

kgf-mm
Properties: ¢ = 67.0%, a = 16.4 —ggag—
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The specimen configurations and dimensions are shown in Fig. 1.
2) Experimental Procedures 3
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Consequentely the following equations were obtained. Under the cyelic

iZe
b

Stress 5;=26.79 kgf/mm?:

P=0.9: R = 26.97 exp {% X 3.59 x 107° (73.9627 x 10% “N) ] (9 $

. . _
P =0.5: R =26.79 exp [;ﬁ— X 10.47 x 10 (27.7801 x 10 -N)] (10) ”"’“‘“L____K"““’“’“ e

] -6 . = 3, DU s e oo . SO0 o g
P2 01 R = 26.79 exp [ x 3.3707 x 107°(5.9759 x 10* -n)] (11) m

Under the cyelic stress 5,=31.25 kgf /mm?: she Depth of

BOR. e Jfl.i - SIS
= 4

) -5 i ) |
P'=0.9: R =381.25 exp [% * 1,17 x 10 7(25.1733 x 10% -N] (12} i T T ,}o ] ] |
. 1 -5 R i By
P'=0.5: R = 31,25 exp [5 % 1.045x107°(18.0626 x 10* -N] (13) f : 0 20 -
P =0.1: R =31.25 exp {% x 1.7142 x 10“5(10.7265“0"«3»'] (14)
Fig. 1 The specimen residual Fig. 2 The P-R~N curve under
S $1=26.79 kgf/mm?
The P-R-N curve undep 8=5; and S, are shown in Fig. 2 and 3 vespective- strength =1 8
ly and R-S$-N curve at p=0.5 is illustrated in Fig. 4.
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Fig.3 The P-R-N curve under Fig.4 The R-S-N curve at p=0.5
5,=31.25 kgf/mm?
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