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SBeveral hypothesis have been advanced up till now aiming
at the elucidation of the role of crystal lattice defects in
the process of formation of fatigue microcracks.All of them,
however, met with numerous reservations. The essential diff-
iculty in studying the problem consist in the material im-
possibility of direct observations of the process.This prom-
pted the present author to attempt to detect on theoretical
premises the factors decisive for the mechmnismm of formation
of fatigue microcracks. This paper forms a part of a more
ample study.
The following main denotations are used:

ay- probability of meeting of cristal lattice defectss

- coefficient of proliferation of dislocations;_

- coefficient of annihilation of dislocationss

- coefficient of diffusion of dislocationss

- energys T - temperatures

~ obstacle or Frank-Read's sourcej | t - time;

multiplication factor; Z - outer surfacej}

= number of load cycles applied; U - dislocations

~ dislocation concentration - the ratio of the number of
dislocations intersecting a surface unit to the number
of nodes in cristal lattice in this units

m, im = index denoting "moving" or "immobile",respectively.
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Let us write the formulae describing the typical proces-
ses and reactions occuring in pure metal between the dislo-
cations under the action of external loadings. As a result
of processes occuring between dislocations point defects may
be formed. This, in turn, contributes to the interactions
between the dislocations and the point defects and between
the point defects mutually. Because of lack of place we do
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not write here coresponding formulae, ’

(1) Matrix - (7 On the basis of this solution there are considered se-

(2) Uy +1:2‘F +(:sf/::). == s E;)) Un + Uin — Uem veral problems, as follows.

(3) Utn + EZ U, (10) g‘ : gm M EE"“ 0 Since } depends - ossentiall;y - on the fumction p(N)
 § %) Ung + P - U4, (11 U: . im +E ==0 and the value of the integral Lp( N)dN, maximal concentra-
£ (5) Up + Uy — 204, (12) Ty + Un + 3 - Ujp tion of dislocations in the course of metal fatigue we can
i (6) Uy + Uy — 204, (13) m * Ut B — Ty evaluate directly from (16). The probability of proliferstim

(7) Uy + Uy — Ugp 'S F T =i of dislocation, that is to say, of the very existence of mo-

The coneentra ving dislocations, depends, among others, on the stresses
Pendsbn their £ wom of mo obile dislocations de- 6 acting thereup, and
ormation, vanishing, diffusion. bl Lo o
» blocking and (18) 6 act * 6 -2y,

putting in motion .
(1) ~ (13) . Thus ;ea:b:a::szl 7 oF the processes desoibed by where & stress induced bY external loading; m, n are
: ¢ or the mov disl - ’ ‘
( 14) 3*.,._ D P 10§ dislocationss constants.For ) sufficiently small,all of the dislocations
IN T UISHT ¢+ akPyy, + az\ip - a,P Yu - may be moving dislocations (provided appropriate external
stresses are applied), i.e. Y =y and A(N) =1. With

= 2(asrageagraqq 2 - ¢
m = (86*8g+aqgraq;) Yy
and for immobile dislocations: o s incr?aaing ¥ s‘l.iressas e‘ct =0 Wt Bilh—=Dyduss
(15) AWYinm the initial period of the fatigue process the power exponemt
N "}“‘Pn +, P Yn+ (2ac+a, +a 2 - in (16) increases almost proportionally to N, consequently,
5+89+811) o +(ag 210 ¥ ¥ 4p-

The author obbaineq ) " J(N) rises rapidly. In the subsequemt stage the effect of
bing the changes g & similar system of equations deseyi- N on Y(N) diminishes more and more, nevertheless, the val-
wbomie af thais oo n:ncontration of vacancies, interstitial ue of ¢(N) still continues to rise. At N = Nlin' the
these equations ang thO:.In v““' of the complicated form of concentration \Y(¥) reaches its maximal value VY14p Wwhich
obtain enalitical so) :ir non-linearity,it is impossible to does not change any more (reaches the state of saturation).
the 3PProximat.olut1:n 0;1 of this system. However we obtain The effect of the amplitude of varying stresses on the
15, the polas coonim] of %he equation Y/3F, (ly = Yt Viw), concentration of dislocations may be evaluated by the analy-
i 5 the sete system, assuming the distribution of sis of influence of coefficient H in (16). The intensity

pecimen with circular cross-secti i i
endent of the . on to be indep- of proliferation of dislocations depemds, among others, on
S5 Bovsa ingl \P. under initial condition qa(r,0)=\“1-) the value of coeffi-cient bo = -zkr. Since k = k(sact »
. and boundary «condition“ (r _g),= O: y (153 . (6 ¥ '
o) .- ——— = a -m .
(16) :k( r,N) - ZJO(AL? ) N 1 o -4 .
VYo T;;T exp H/ﬁ(N)dN] , ‘ With increasing of the amplitude of 6 the coefficients b,
m=1 11 Mm () | and H rise, and \V(N) increases more rapidly. With in-
where p = r/roi Amo = (N‘:"/ro).?; s = \P /\P . creasing N and \y(l) »however, b, and H decrease; they in-
(17) H=b =oc, =D m ’ fluence on Y (N) similarly as p(N) ,i.e. Y(G ,N) —= (G )
and the values of n‘° (,,o 2 o mo? The role of the surface layer in metal fatigue mmy be e-
termined from the 1{“;; Io(Km9) and g 1( )ﬁ.(:) may be de~ valuated from the point of view of dislocation diffusion.
(16) 1s repis co.: e8 of Bessel'’s functions. The series The possible path of a given dislocation is restricted by
. o"tino n erging. Owing to this property, we may the size of grains. Consequently, the region wherein the
€ numerical computa$ions to its £i .
T8t term only, diffusion of dislocations towards the outer surface proceeds

| unhempered,is the surface layer.The dislocations situated
I - 241 ;



for the 8rains of th

@ core there is D =0
5§ —_ 0e=0 and consequent-—
DL >cobo—c2 while for the grains of su;face la;er we qhave

80d H_ = b we_-.

bos/depend s = Dyme-Ro o A 1» thus with the same value of
o ing on S,et” and c /depending
H >H_, This is ¢ 2 o \P/ the value
c s O say that the Possibilities %o attain the

rs::‘:’a::yi.:yg:. Thus, if under certain ¢onditions in the sur-
o mre.' 00, there is H,>> 0, then in viewof H > g
et .::rotuxp( N) is more rapid ip the core than in th:
b e ‘;ut:::::erin in view of lack of reflux of the
This involves a decre;se o:h:hCOre Gact 0 and ¥ = Y
@ value of b
:::’ :fm which, in turn, leads to the deer.'easec,o:éfm;i 'a:ti::rem
decrea:gth; Ed;)creused mobility of dislocations lec;ds t: saa-
i 4% == 0 and consequences of it discussed abowe
o Situation'su:::ce layer we are faced with quite adifr-
\},(N) . nore.sent;o 1;HS <' Hc' the process of increase of
i - y hfn 1n the core ang moreover - ang
Wkaccn s Portant - in view of the constant diffusion
ohs towards the outer surface, the value of

outer g 1

o con:ir‘:ace. An important conclusion may be inferred from

nainiy o :ratione: the meetings of dislocationsg may ocour
he surface layer, while the generation of point

insi.:yt:;esf:::me: three zonesg may be distinguisheq diffepr-
el ey acter of \P(r,N) changes.Two of them /outer
core 1o s thi::e Bituated ifx the surface layer,wnile the
os the 1 : zone.The existence of these zones as well

PosSsibility of predominance offthe Process of proli-
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feration of dislocations over those of their vanishing in

the vicinity of the outer surface leads to following state-
ment: If the diameter of specimen is smaller than the crit:
cal one, the growth of J(r,N) cemnot occur. Owing to this
fact, the strength of whiskers is extremely high. We have
shown also that the maximal strength of whiskers within a
certain range of their dismeters should decrease with the
increase of the diameter.Due to similar phenomena occurring
in the surface layer of polycrystals the size of grains ex-
erts an effect on the strength of polyecrystals.

The differentiation of properties of particular zones of
the surface layer leads to the formation of slip bands. In
the transient zone there is H=0 but in the neighbouring mi-
croregions of the metal certain material properties /eamong
them also of F/ dewiate from the average value pertaining to
the macroregion.Consequently, in microregion of the trensiem:
zone, where — due to the higher local P - the sign of H is
positive, a rapid gfwth of J(N) occurs with increasing N.
This process is irreversible. Instead, in microregions,whe=-
Te - due to the lower local F - the sign of H is negative,
with increasing N a rapid decrease of Y(N) occurs and
this process is irreversible, too. The diffusional tendenc-
ies of dislocations contribute to the extemsion of these mi-
croregions towards the outer surface.

The conclusions resulting from those theortical conside-
rations are fully substantiated by numerous facts known from
experiments. The problem considered, and,in particular, the
conclusions following from the aproximate solution of equa-
tions reffering to the dislocations paved the way for the
formulation of the hypothesis of diffusional mechanism of
numerous phenomena accompanying the fatigue of metals.
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