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ABSTRACT

Crack closure measurements were made during fatigue crack growth at
low rates and near threshold conditions in air and in vacuum on a
2618 T651 Aluminium alloy. The techniques used to detect crack clo-
sure were the compliance variation and the potential drop techniques.
The results obtained suggest a definition of the effective stress in-
tensity factor taking into account both the effects of the load ratio
and of the environment.
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INTRODUCTION

A number of studies has been carried out on fatigue crack growth in
the range of low rates and near threshold conditions (Bailon, 1978).
Previous works carried out to describe the differences in crack pro-
pagation behaviour between air and vacuum on high strengh Aluminium
alloys have allowed us to*present a suitable empirical relation for
da/dN vs AK (Petit, 1980)- These results also showed that crack

growth near threshold is essentially AK controlled in vacuum and

*rhis vrelation takes into account the effect of the load ratio R and
shows that the environmental effect can be brought in with a unique

environmental coefficient o which can be related to the Klesnil and

Lucas (1972) coefficient vy

da Kth aKmax o
i - C(R,a) | (1= =) g —
max th
. _ _ 1/2 - T ¢
with a = 1 Y and Kip Ko (1-R)
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g controlled in air (fig. 1 and 2), which is in accordance with
Kirbyand Beevers (1979) observations on different aluminium alloys.
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Fig. 1. Threshold tests in vacuum Fig. 2. Threshold tests in ambiant

on 2618 T651 alloy : air on 2618 T651 alloy
da/dN vs AK for different da/dN vs K ax for different
values of R ratio. values of R%Fatio.

But previous attempts to describe the differences in crack propagation
between air and vacuum in terms of crack closure as defined by Elber
(1971) fails to do so (Schijve and Arkena, 1976 ; Unangst and co-
authors, 1977 ; Amzallag and co-authors, 1980).

This paper presents furthers results obtained in both air and vacuum
environments on an aluminium alloy and proposes a definition of the
effective stress intensity factor taking into account both the ef-
fects of the load ratio R and of the environment.

EXPERIMENTAL CONDITIONS

Tests were carried out in an environmental cha%ber mounted on an elec-
trohydraulic machine providing a vacuum of 10™® Pa. Crack growth was
optically monitored with a travelling microscope and measurements
were performed at successively decreasing loads (Maillard, 1978).

The specimens were of 10 mm thick CT 75 type of the aluminium alloy
2618 T651. The alloy composition and mechanical properties are given
in table I.
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TABLE 1 2618 T651 alloy composition

Cu Mg Mn Si Fe T3 Ni Al
2,47 1,58 0,06 0,25 1,08 0,10 1,18 rem.

Mechanical properties

oy = 400 MPa
g = 450 MPa
u
A = 7,1%
_ 1/2
ch = 20 MPa m

Test frequencieswere 35 Hz during propagation and 0.2 Hz or 0.02 Hz du-
ring Crack closure measurements.

The two techniques used to measure crack closure are

- a compliance method, with a C.0.D. gauge mounted at the notch mouth,
complemented with an improved differential method to detect small va-
riations of compliance (Ohta and Sasaki, 1975) ;

- a potential drop technique used only for tests in vacuum, i.e. when
this technique gives analysable results (Bachman and Munz, 1975 ;
Maillard, 1978).

The correspondance between the results of these two techniques has
been previously analysed (Lafarie-Frenot, Petit and Gasc, 1979).

EXPERIMENTAL RESULTS

The analysis of the measurements made by the two techniques used du-
ring all the propagation tests was made as shownschematically in the
fig. 3 where § is the displacement measured by the C.0.D. gauge,

§' = G.(6-aOP) where G is an electronic amplification factor (about
10 to 20 times) (Maillard, 1978 ; Amzallag and co-authors, 1980), o,
the compliance of the cracked specimen and P the applied load during
a loading cycle describe at 0.2 Hz for mechanical tracing. The curves
§'vs P amplifie the variations of the slope o = d§/dP near Pnin- Crack
opening as interpreted in terms of Elber's model occurs at Pg and the
effective stress range is AKgeg = Kpax ~ Ko where Kg corresponds to
PO.

Tt is difficult to define the load P, from the curve P-V (obtained
for tracing at 0.02 Hz) (Flhring, 1976 ; Lafarie-Frenot, Petit and
Gasc, 1979), the large variation of V under vacuum depending essen-
tially upon contactslocalized near the surface of the specimen when
P becomes higher than Po.

One observes a maximum of potential for P = Py corresponding to a
crack fully open along all the crack front. Then one can notice a
decrease of V for P greater than P, (fig. 3). The amplitude of this
phenomena depends upon AK and R, as shown in examples presented in
fig. 4.

From the electrical point of view, potential measurements during a
loading cycle show a maximum of opening in vacuum for PV lower than
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Fig. 3. Determination of oy from §-P curves, P
from §'-P differential curves and of P
from potential diagrams (in vacuum only).
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Phax This result is in accordance with those obtained elsewhere in
U.S. attenuation technique showing that this maximum is only obser-
ved in vacuum (Buck, Frandsen, Ho and Marcus, 1975).

DISCUSSION

Initially, we attempted to verify if the effective stress intensity
range as defined by Elber (here AKeff = Kpax ~ Ky) can explain the
crack propagation behaviour.

Figures (5,6) confirm that this concept can account for the R ratio
effect for each environment. This result is in accordance with those
previously obtained (Amzallag and co-authors, 1980).
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Fig. 5. Threshold tests in air on Fig. 6. Threshold tests in vacuum
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But this AK concept cannot explain the differences in crack growth

rates in air and vacuum.

In the light of our potential measurements and of Buck's results in

U.S. attenuation, one can suppose that the effective part of the load-
ing occurs betwen Py and Py which corresponds to a maximum of opening.

In the case of gazeous environment one can expect Pv,to be equal to
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PmaX as shown by U.S, curves. The effective stress intensity factor
may“be written as AKgff = Ky - K, . The figure 7 compares the rela-
tion between log da/dN and log AK*ff in vacuum and the mean curve
obtained in air (in which case K = Kmax : fig. 5).
[ ! 1
da/dN y
(mm/cycle) / / w/
by / . '
10 | i /[ £
[ / /
’v // A //
| S
5 | //-A// ///
10 |1 2, "
P A
i y °
@in) 1 &
r ,\ys.,A y
/, [Ac/
¢ a

-6 2
10 - .._/ /’ . B
7/ VACUUM

/ ).; / » R=0.01
+ R=01
10_7 '3/, /
8 o -1 o R=01
/ g » R=03
Xy
, j x R=05
-8
10 "
1 2 4 7 AKJ(MpavT
Fig. 7. Threshold test in vacuum on 2618 T651
alloy :
da/dN vs AKeff f KV - Ko for different
values of ratio.
(In air AK = AK as represented by

eff ?
the mean curve of fig. 5).

In spite of scatter, the large number of values taken into account
allow us to say that there exists an acceptable correlation between
air and vacuum results whatever be the value of R.

It is difficult at the moment to understand the mechanical behaviour
resulting in a drop in potential near Pp., as observed in vacuum.
The existence of crack closure near Ppgx seems inconcievable at first

sight.

But apparently there exists a mechanism leading to a contact between
the cracked surfaces near Ppax which need not necessarily be the same
as that observed near Ppin. For example, recent results of Davidson
(1979) following in situ S.E.M. studies of Aluminium alloys in va-
cuum have shown the occurence during a loading cycle of crack surface
displacements parallel to the crack plane, superposed with the crack
opening displacement normal to this plane, and which might be
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attributed to the existence in vacuum of a mixed mode of deformation
(mode I plus mode II) at the crack tip. The crack surfaces being
rough, these displacements can lead to contacts between the two sur-
faces near Ppsx. One can expect that these contacts occur particu-
larly at low value of AK in which case the C.0.D. values are lower
than the size of the surface irreqularities. This might be an expla-
nation for the observed phenomena.

After linear fitting, these curves can be represented by the follo-
wing relation

_ -8 * 3.3
da/dN = 9.5 10 . (AKeff)
_ -8 * 3.8
and da/dN = 2.5 10 ~. (AKeff)

A slight difference can be noticed which can be attributed to the me-
thod used to determined Ko (compliance gauge at the notch mouth)
which probably gives systemalically lower values of AK, as indicated
by Clerivet and Bathias (1979). But, at the moment, it is the only
one method which can be used in a vacuum chamber. Comparing the cur-
ves log da/dN vs log (KV—Kmin) in vacuum and in air (in which case

Ky, = Kma , i.e. AK_=AK), one can see that there is very little
scatter ?fig. 8) which shows that the environmental effect can be
explained with the unique introduction of the concept of K, in the
studied rate range.

CONCLUSION

The analysis of the results obtained shows the following points

a) It is confirmed that AReggg = ax K_ can account the effect
of R ratio for each environment but not %he differences due to the
environmental effect.

b) Potential measurements during a loading cycle in vacuum show a
maximum of opening for K,, lower than Kpax+ This result is in accor-
dance with those obtaineg elsewhere in U.S. attenuation showing that
this maximum is only observed in vacuum.

c) AK*f = K - K appearsto give in air and in vacuum comparable
descr?p%ionsvof dg/dN and resultsin a possible definition of the ef-
fective stress intensity factor in the experimental conditions used
and the studied alloy. But the mechanical behaviour leading to clo-

sure near Ppgy is difficult to explain at the moment.
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