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INTRODUCTION.

The sensitivity of fatigue crack growth phenomena to
varying loads has been a subject of interest and importance. In
one of his earliest studies, SCHIJVE (1) had elucidated the re-
tarding effect of a spike type overload on a prce-grown crack at
constant amplitude. Since then a number of researchers have con-
tributed to the understanding of this delay phenomenon and most
of the physical and mechanical factors geverning it have been
defined (2,3).

To get a new insight into this problem, we have chosen
vacuum as the environment which, at constant amplitude tests
lcads to much lower growth rates (4) . This paper presents the
results obtained in a series of comparative overload tests in
air and vacuum.

EXPERIMENTAL CONDITIONS.

The tests were carried out on 10 mm thick CT75 speci-
mens of 2024- T 351, Aluminium alloy. The machine used was an
Instron elcctro-hydraulic testing machine of 2500 daN capacity.
The vacuum tests were carried out in an onvironmental chamber
in which a vacuum of 10-3 Pa or less could be cbtained.

All tests were done at a constant base load amplitude,
AP. of 600 daN. Two load ratios R = 0.0l and R = 0.1 werc con-
sidered. The overload ratio, defined by AKDeak/AK. was 2.0 for
all tests. The test frequencies were 5 1z - for tests in air and
35 Hz in vacuum while the overloads were applied at 0.2 or 0.02
Hz. The crack growth on the polished surface was observed through
a travelling microscope.

The plastic zone sizes were determined by the optical
interferential method of NOMARSKI. Fractrographic studies were
carried out in a JEOLE JSM 5SOA - electron microscope.
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EXPERIMENTAL RESULTS AND INTERPRETATION.

1) Crack propagation behaviour.

) Fiyure 1 shows the evolution of the crack length a,
w1tb the number of cycles N, following an overload in the two
environments considered. The experimental conditions were :

AKi = 15.7 MPav/m, for both air and vacuum

R = 0.1
overload frequency = 0.02 Hz.

Immediately following the overload, thereis a small
acceleration of the crack, following which the crack progressi-
vely retards as indicated by the minimal change in "a" with res-
pect to N and finally the crack accelerates again as indicated
by the change in curvature of the curves.

The number of delay cycles Ny, is defined as the num-
ber of cycles required from the point of application of the
overload up to the point where the crack regains its initial
%§9Wth1§ate’ existing before the application of the overload

ig. s

The associated crack length is defined as the over-
load affected crack length ag.

Figure 2 gives the relationship between Ny and AK
One can see that N, values increase with AKpeak in air and
vacuum and thﬁt Ng values in vacuum are mucg grecater than thos:z
in air. For the same AK , N3 in vacuum can be 5 to 10 ti B
im
larger than that in airl.)eak . °

peak”

Figu;e 3 shows the variation of da yith a for the same
tests, as in figure 1. One can see that :

- The initial propagation rate (gg). in vacuum i
pit smaller. f e

- The minimal growth rate (%%) is much smaller in

vacuum. mini

- a., vacuum is greater than tha&ain air and the diffe-

rénce is more evident after (55) 4 i.e. during the
acceleration phase. Figure 4 1ncha%es the relationship
between K and a, for the present series of tests.

: .Rea
It 1s'ev18en¥ that at higher values of Kpeakr ag va-
lges in vacuum can be 1.5 times larger than those in
air.
Plastic Zone.

Earlier researches (5) had attempted to relate ag with
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the plastic zone created by the overload. Figure 4 Comparcs ai
valucs with the diamcter of the plastic zone given by the
TRWIN modcl (6) =

2r =

1 (Epcak)z
y m

o

ys

and figure 5 gives the scatter in the plastic zone sizes measu-
red in comparison with the IRWIN model.

From these two figures we can derive that :

- Plastic zone sizes in vacuum are larger than those
in air which confirms BOUCHET 's results (7).

- A similar trend is observed in the evolution of the
ag values.

- Experimentally observed 2r = are smaller than ajg at
higher values of erak' Y

In both the environments the observed plastic zones are
in the form of wings the angle between which is more acute in air

(fig. 6).

In all tests we have been able to observe a zone of very
1ittle deformation between these wings and near the plane of the
crack where the crack progressively retards after the overload
(fig. 6). Subsequently in the region where the crack starts ac-
celerating, we have becen able to locate the point of reappearence
of the plastic zone. We have defined the corresponding crack
length as a*.

Initial observationsdée) showed that a* may be related
to the crack length to attain N mini ‘defined as a_ in figure 3).
Figure 7 shows the relation between ~these two parameters and
. One can observe_that a* is systematically greater than a.
Ong can also see that a* and a_ have a similar evolution in the
two cnvironments studied. We consider that observed a¥ values are
greater than a pecause the optical method used is not accurate
enough to detect very small plastic zone sizes and hence the exact
beginning of its reappearence.

Aerak

Macroscopic appearence of the fracture surface.

Macroscopically the overload, at low Kgeak: is charac-
terised by a dark thin band in vacuum as well as' in air (fig. 8) .
The thickness of this band increases with increasing Kpgop- The
fracture surface in vacuum is lighter due to the absenge of oxy-
dation.

The cvolution of the tear size at the centre of the
specimen with Kpeak leads to an interesting result (Fig. 9). As
can be scen here, the tear size in vacuum is clearly larger than
that in air. This difference can be as high as 50% for the same
value of Kpeak and apparently it is independent of the frequency

in the range considered.
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Microscopic appearence of the fracture surface.

Microscopically, in air, the overload is characterised
by the formation of a stretch band. The fractographic fecatures
following this stretch banddepends upon thc intcnsity of the
overload. With increasing Kpeak one finds either poorly formed
striations or striations ang dimples or just dimples following
this band (5).

Apparently a similar feature was found in vacuum :
fig. 10 gives comparative fractographs in the two environments,
even though striations are not clearly discernible in vacuum. In
fact, the periodic spacing which we could observe in the direction
of crack propagation appeared to be unrelated to the macroscopic
growth rate and were attributed to coarse slip. This is in agrecment
with the observations found elsewhere (9).

We found comparative fractographic features before the
overload and at a distance approximately equal to a,from it (8).
The evolution of the fracture surfaces, along the crack front
showed that after a strong overload the crack reached its initial
velocity for a shorter crack growth at the centre of the specimen
than near the edges. This is in agreement with the observations
of BATHIAS for tests in air (3).

Discussions.

. The present series of tests have shown that qualitati-
vely the effect of an overload in vacuum is essentially similar
to that in air. In fact, we have observed a similiar evolution of
agq, Ng» gg)mini etc with respect to 0K,,. and AKj in both the
environmengs, at constant value of overload ratio.

) Earlier analysis suggested that the distribution of
F951dual stresses following the overload are apparently similar
in the two environments and the quantitative differences otherwise
obsgrved should be related to the inherent differences in the ma-
terial behaviour (8). Thus it has been shown in Réf. 8 that thc
retarded growth rate da mini leads to the same AK values based on
crack propagation curVes near the threshold (4).

. The apparent absence of discernible plastic deforma-
tion near the plane of the crack after the overload upto the point
of crack acceleratiom leads up to conjecture on the possible me-
chanism of retardation.

A strong overload tends to cause brittle fracture at
the centre of the specimen as is manifest in the crescent shaped
tear. Following this, for overloads not causing crack arrest, the
crack Propagates only in the two ligaments near the surfaces uptil
the po%nt of crack acceleration as has been shown before (3). In
fact, in exploratory tests causing crack arrest in vacuum (over-
load ratios = 2.3) we have observed that the crack grew very slovly
near the surfaces upto 6 million cycles after the overload even
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though subscguent fryactographic analysis showed that the crack
remained blocked at the centre.

In this rcgion where the crack grows slowly near the
surfaccs to regain its curvature, the crack growth is not accom-=
paniecd by plastic zonc formation near the crack plane as has been
shown presently. A definition of the conditions of crack growth
in this phase should involve & three dimensional analysis of the
stress distribution following the overload, the local material
hardening and the crack front modification. Apparently it is not
a simple task.

once the plastic zone is re-formed, it increases in
size until the crack reaches its non-retarded growth rate (fig.
6). For a plastic zone size optically dctermined in this phase
we have calculated the value of AK based on RICE's model (10) :
the crack propagation rate for this AK from the data near
threshold for this material (4) compare well with the rate ob-
served experimentally - Fig. 11 gives a typical example of this
analysis.

The difference in tear sizes observed in vacuum and
air can bc explained by a stronger plastification in vacuum as
shown by BOUCHET (7) and confirmed by our results. A stronger
plastification means a larger plastic zone, more work-hardened ;
thus the possibility of brittle fracture is enhanced in vacuum.

Conclusions.

This serics of tcsts to compare the fatigue crack re-
tardation phenomena following a single overload in air and vacuum
leads us to the following conclusions :

1) oQualitatively the effect of an overload in these
two environments is essentially the same and the quantitative
differences could be related to the inherent differences in fa-
tigue crack behaviour in the two environments.

2) A retardation model in vacuum can be proposed which
is comparable to the one proposed by BATHIAS (3) for the delay
process in air. In other words :

a) A strong overload is accompanied by a tear in
the planc strain region. The related crack
growth near the surfaces is small : thus the
crack front curvature is changed.

b) The crack is practically blocked at the centre
of the specimen while there is crack propagation
at a decreasing rate in the two ligaments near
the surfaces as the crack front tends to regain
its initial curvature. The present tests have
shown that this phasec is accompanied by no per-
ceptible plastic zone formation in the surfaces.
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c) Once the crack front curvature reaches its ini-
tial value before the overload, the crack acce-
lerates back to attain its nonretarded growth
rate. In this zone for a given growth rate, the
observed plastic zone sizes lcads to values of
AK (based on RICE's model) which correspond to
a comparable growth rate on the basis of crack
propagation curves without overloads.
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Figure 1 : Comparative evolution of a with N in air and vacuum
following an overload.
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in the two environments.
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Figure 4 : Pelationship betwecen overload affected crack length
and plastic zone size given by the IRWIN model.

Figure 6 : Schematic evolution of the plastic zone : air and

vacuum.
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Figure 9 : Evolution of the tear size with overload intensity.
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Figure 10: Comparative fractographs due to an overload in the
Figure 8 : Macroscopic appearcnce of the fracturc surfaces. two environments.
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Figure 1l1l: Crack growth rates based on plastic zone size cvolu-
tion in the acceleration phase compared with obscr-
ved values.
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