NATURE OF FATIGUE STRIATION AND EFFECTIVE THRESHOLD

Yu.I.Ragozin

A hypothesis is presented that the
fatigue striation spacing s for metallic
materials is multiple to hal f-wavelength
of electromagnetic vibrations emerging
during the main crack propagation. With
the author’s results obtained earlier a
formula is drawn for calculation the
effective threshold value of stresses
intensity ratio AKeff.th' The known de-—

pendence s on value AK is substantiated
physically. Value AK is normalized by
modulus of elasticity E of the correspon-—
ding materials.

INTRODUCT ION

It’s known (12 that for metallic materials the
striation spacing__at the crack development initial
stage is about 10 m and it doesn’t depend on strain

conditions, temperature, media and frequency. It’s
supposed (1) that this is not by chance but specified
by the universal parameter for all materials - cells or

subgrains size forming at plastic zone ahead of the
crack tip. On the other hand, however, it’s unknown what
specifies the size of forming fragments. A hypothesis
is presented hereby enabling not only to clarify the
fatigue striation nature, but to obtain a number of
correlations describing perfectly the available
experimental data as well.
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PHYSICAL FOUNDATIONS OF HYPOTHESIS

The metals strain and fracture are accompanied by
different physical phencomena, including emergence the
electromagnetic radiation of wide wave range up to X-
-ray range (2,3>. The study of radiation process may
present valuable information concerning metal
properties, so now the intensive investigations are
carried out on problem of the radiation origin. In
particular the authors of study (2) suppose that at
least two mechanisms of high-frequency radiations
emergence are possible: hemosorptious and “resonance’,
and in fact for realization of the latter it’s
necessary that the crack emergence and growth would
take place on the boundaries of the dislocation
blocks. And it’s just the case when fracture happens
C4d. So it may be supposed that during fatigue crack
propagation the high-frequency radiation emerges, that
penetrates the metal and effects its fine structure.
The passing of electromagnetic waves through crystal
effects charges separation and henceelectroneutrality
violation that should facilitate dislocations
formation cores of uncompensated charge. The volumes of
maximum amplitude dislocations may become the locations
of supposed formation of dislocation cells boundaries,
while the cross size (stepd of the cells would be equal
to half-wavelength of penetrative radiation. As it
known (5> the electromagnetic radiation penetrates the
metal only when the radiation wavelength will not be
less than K=2nc/wp where c¢ - speed of light, wp— plasma

frequency. It may be admitted that fragments size
forming ahead of the crack tip is specified by radiation
with wavelength 7\=>\p forming during metals fracture.

The values of plasma frequency wp and wavelength Kp for

the most important metals are presented in Table 1.

TABLE 1 - Several constant values of metals.

% experimental value s
%% with correction for ion frame polarization taken

into account
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During fracture in planestrain conditions according
to break-off mechanism and independent from load
conditions the correlation between stresses o in

v

direction perpendicular to crack propagation and.length
r from the crack =dge in accordance with linear
fracture mechanics concept is expressed by equation:

o =K 7 a2nr 1>
Y
It was assumed that the crack starts to spread close
to effective threshold value of stress intensity
ratio K C AK 5 at the moment when in plastic
eff,th eff,th

strain zone of size r near crack tip the energy is
e

absorbed equal to one of energy threshold levels W, for
the material calculated on phonon fracture concept
basis (B). Having estimated according to recommenda-

tions (7Y fracture stress o, as ofCAorD = Y2w E , where
T

E - elasticity modulus, start-off condition may be exp-
ressed as:

Ao vénr = avﬁw.Er = AK [=>)
f e T e

eff,th
Identifying value re in equation (2> with minimum
striation spacing Se and assuming in accordance with
the above hypothesis that se= A /2, we obtained expres-—
P
sion for calculation of parameter AKeff,th:
AKeff,th = 2,50 ¥GiEAp 3D
It’s known that during AK (AKeffD growth the stria-

tion spacing increases. Assuming that the mechanical
energy absorption takes place discretely in local metal
volumes and striation spacing s remains multiple to
minimum step s, then kinetic equation connecting stria

tion spacing with AKeff may be presented as
2

N+CAK >

s = Ns = —————EEﬁLEE— c4s

° 4nW E
or
AK 2
< = B gty d=>)
E

where N = 1,2,3...; B = E/4n¥ AKeff=VW BK oo th
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COMPARISON WITH EXPERIMENT

Before estimating parameter AKeff‘ Lh by equation (3D
for metals investigated we point out that value s is
e
really turned out to be quite close to value A 2. For
P

example, as it follows from study results (8,9
minimum striation spacing for three steel grades in

eight conditions is equal to 0.4-10"% m, that perfectly
coincides with value A -2 for Fe (Table 1D.
P

Since alloying and thermal treatment change
constants W_l ,E and apparently kp only in small degree,

then correlation (3> drawn for pure metals would be
true for alloys on their base. For each metal and
alloy on its base there is a characteristic discrete
spectrum of energy threshold values W (6). Hence in
accordance with correlation ¢3> 'there is a
characteristic discrete spectrum of value AKef‘f,Lh for

them. Table 2 presents levels AKeff,t,h calculated by

equation (3> for Al, Ti and Fe Cand alloys on their
base). Necessary values W.l for calculation are taken
from study (10>, elastic constant values E were assumed

to be equal to 7.06:10* MPa, 11.0-10° MPa and 20.6-10°
MPa correspondingly for Al, Ti and Fe. The wide
comparison of calculated values AKeff Lh CTable 2> with

experimental values AKeff th obtained by different

authors showed their close compliance.

TABLE 2 - Calculated levels AK for several metals
eff,th

Metals f’fggg,_gb'__’fif ___________ Kerr,th'E,

1 2 3 4 5 10°° m"?
T ora 102 1,08 1.24 1.80 187
o is iss 164 1,08 =230 1.8
Fe 255 Ties  s.es  s.30  s.40 1.8
e T T vaiee. T

eff,th

For example,it was proved C11D that for many alloys
AKpf{ Eh = 1.6-10-55. If to take mean calculated value
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A}\eff,th for all possible alloys on the base, then

it’ll be precisely equ%g C(Table 2> to the above values
for aluminium C(1.57-10 "E> and titanium €1.59-10"°E>
lloys. F 2 i
alloys or the alloys on Fe base AKeff,Lh is a bit
lower - 1.36-10 °E, that also perfectly agrees with the
oo . -5

results of study (11): AKeff,th—1'45 10 "E.

Correlation (5> is plotted on Fig.l,a. For Al it’s
shown completely, for Ti and Fe only contours are

shown. It’s evident that normalizing AKeff against E

the differences in properties character during cycle
load can be excluded to a great extent and a universal
dependence between fatigue striation spacing and

parameter AKeff/E can be obtained for materials of

different nature. Since AKe is a part of interval AK,

1
then the above dependence should be equidistant to
dependence s - AK/E (Fig.1,b) established earlier (123,
that is universal for alloys of different nature. It
can be seen (Fig.1) that in fact this correspondence
takes place, though we find correlation between s and

AKeff/E more physically specifiéd.
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Figure 1 Fatigue striation spacing S plotted against
value AKeff/E Cad> and AK/E Cbd: a ~ correlation cs>; b-

c1ao; @ -steels, b - aluminium alloys.D-—LiLanium alloy.
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