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1. Introduction

As for the model of kinetic theory of fatigue crack
propasgation it may be classfied into the following two
bypes::

The rirst type: The model in which microcrack nucleates
in the neighbourkood of “he main crack throuzh the me-
chanism of separstion of atoms csused by stress concen-
tration due to the nosch eff23é3¥;ig. 1 g2) or due to the
slip (Fig. 1 b) or the mechanism of the condensation of
VacanciesskFig. 1 c), and the main crack join this, the
process being repeated.

The second type: The model in which the main crack it-
self extends without nucleating a microcrack by the me-
chanism of separation of atomf)(Fig. 1 d) or the mechanism
of slip (Fig. 1 e).

With respect to the model of the first type, some
theoreticel spproaches have been attempted in the previous
paperg:-sgn the present article, from the viewpoint of
the second type an attempt has been made based on dislo-

cation dynamics.
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£2. Theoretical considerstions

In the present article it is assumed that 3n irre-
versible slip occurs at the tip of crack every nalf cycle
under tension, but not during half cycle under compression.
As fsr as this respect is concerned, the model is not
: 7 3) 9)
inconsistent with those of McEviley, Tomkins snd Laird.
It may be reasonable to assume the amount of the slip a8s
oenb , where N 1is the number of dislocations emitted

from the crack tip, D 1is Burgers vector, snd ol 1is

geometrical factor. For instance, in the case of
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Fig.l Typical examples of models Fig.2 The model for the
in kinetic theory of present analysis.

fatigue crack propagation.

tension-compression losding as shown in Fig.2, o is ]//2 s

Then fatigue crack propagation rate,d CAjN is written as:

—d—-,\T:o(_nb’ (])

wnere (C = half length of crsck, and N is repested cycles

On the other nand, N may be spproximately estimsted

10)
by the following relation:
LITAT
n = —=— (2)
Gb

where L = the distance traveled by the lead dislocation.
G = modulus of regidity. AT= the difference between
the effective shear stress ’Zéff on the dislocation and the
spplied shear stress ’C; , that iS,’Gf —%. It is also
shown that AT:ﬁG“@and thuéO)fozZZ;, thusAZ’_‘:'?a s
Eq.(2) was derived assuming 3 semilogarithmic stress
-velocity relation for dislocation dynsmics, and,however,
it was conclud.e(]io{:hat their srguments are equally valid
for the power relation. Thus in the present article we

assumed the following power relation:
Cett \" m (3)
o= (L) (2)
?36 J

which is the more conventionsl expression. V = dislo-

Ca
(

cation velocity. M and ?;are constants, respectively.

10)
TGttt = 2 Ca ss described sbove.

In the case of alternating stress, | may be given
1

asr W
L = Vi dt (4)
0 2
where V} = the velocity of the lesd dislocation. W =

stress repeating frequency.

In such a region, as in this case, in the neighbour-
hood of the crack the sveraged local stress ﬁ concen-
trated in the concerned region should be used in Egs.(2)
and (%) instead of the uniformly applied stress Ca , that
is, the nominsl stress. Therefore in the present case

?’L should be tsken ss AT . At sany time the
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averaged stress ?‘E over the distance &; (>L ) from

the crack tip is written 352:)3)

213
_ (+B)0y/ sin2nwt AK \i75
= L( )

2 Oy/(1 +B)TE,
where A K = /nC OE (stress intensity factor), ()/(,~ =

applied stress amplitude in terms of tensile stress,

(5)

O/y = yield stress and B = cyclic strain hardening ex-
ponent?) With respect to time,tsking the averaged value
of SIiN2Mwt over hair cycle, that is, 2/71' , then the
time 8veraged value of ﬁ is wriﬂtten as:

Q= SaKbT, (6)
where P=(l+r3)cx/’(2/n0;,j(—l+ml.W0n the other hand, substi-
tuting Eq.(6) into Eg.(3), the averaged value 71 of the
velocity of the leasd dislocation during the half cycle is

written ag

20
m
s (7)

_— m
VI = Va (%)AK‘
Thus L is obtasined approximstely as:
g Vo P 2o
L =(% — _Yas 1+ .
fOVI dt Zw(zo)AK . (8)
Substituting Eqs.(5) and (8) into Eq.(2), and then putting
Eq.(2) into Eq.(1), we obtain:
dc m 28
— _ I Va P( P) AKW(Hm) (9)
dN 226 w Vg,

which corresponds to the well-known power relatioy)with

Tespect to AK . 1In many materials M=~10~35 a3t room
2)

. ! . 8)
temperature. ' Tsking B=Q.1, then, the power coefficient

20

1+B(]+m) in Eq.(9) ranges from 1.8 to ©.3, which is in

! . "
$ood sgreement with the trend of the data )on dC/dN . Im

5 . . : 13) )
the case of m hav1ng of the type m=($/RT(,o(°=constant),

q.(9) may be expressed ss the equation of the following
7P dc =iéxp _ U- BRRT)In AK (10)
dN W RT ,
where |J =06In(Gp) Furthermore when Vg 1in Eq.(3) is ex-
pressed asz“vtexpé-é%-r), then U in Eq.(10) is written as
AH+o(,ln(C/p)- The equation of the type of Eq.(10) ig in

well sgreement with experimentsl datas on the influence of

stress intensity factorl'?)temperature',s,and velocity of
cycling on the fatigue crack propagation.
§3. Discussion and conclusions

The tempersture dependence of yield stressog, included
in P should be studied. On the other hand, if elestic
stress distribution is tsken instesd of elastic-plastic,
then similar equation ss Eq.(10) is still obtained, where
O/y is not included.

Which of the first type and the second type mentioned
in §1 is criticsl is future problem needed to be studied,
although it appesrs that the first one concerns the lower
range and the second one the higher range of dC/dN,
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