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INTRODUCTION

Under a cyclic applied load, the initiation of a fatigue crack is
related to plastic deformation by slip, i.e., it vesults from a cumulative
damage caused by an alternative slip. Because the alternative slip can also
take place at a notch tip under cyclic compressive applied load, a fatigue
crack can nucleate under a compressive stress. Reid et al. investigated
the initiation of a fatigue crack from a compressive overload notch tip
under cyclic compressive load [1], and considered that the crack initia-
tion was due to the net tensile residual stress, i.e., the compressive
stress could not induce fatigue crack initiation. The purpose of this
paper is to investigate the possibility and the behavior of the initiation

and growth of the fatigue crack under a cyclic compressive load.
EXPERIMENTAL PROCEDUCES AND RESULTS

The notch radius and the depth of the specimens were 0.075 and 7.8 mm
respecitively but the specimens under cyclic tensile load were four times
as long as that under cyclic compressive load (Fig. 1). The crack length
was measured with a microscope (30x). The number of cycles required to
initiate a 0.05 mm crack was designated as N; and 106 cycles were selected
as a closure number of cycles.

1. Threshold Value of Fatigue Crack Initiation under Cyclic Com-
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resgive Load.
For ultra-high strength steel (30Cr2WV, Y.S5.=1380MPa), the variation of
ae number of crack initiation cycles Ni under cyclic compressive stress

/ith the stress range -Ac is shown in Fig. 2. The threshold value for fa-

tipue crack initiation under a cyclic compressive load with —cmin=310MPa

~uld be obtained as Aoth=350MPa (curve 1 of Fig. 2). Because there is a
teress concentration at the notch tip under t?e compressive stress and O ax
i the nmotch tip is proportional to A KI/(np)E, the threshold value can be
1. il
cepresented by A Ky (p), i.e. A Kip = 9en (na)2p=70MPam®. If the minimum
velic stress - opip was near zero, the Aoyy value would decrease greatly
1
indicated in curve 2, i.e., Aoty = 100MPa or AKyp(p) = 20MPam®. The
‘hreshold value of the crack initiation under cyclic tensile stress with
1
tihe same minimum stress Omin = 150MPa was Acth = 80MPa or AKth(p)=16MPam2
fouwrve 4oin Fig. 2.), but the threshold value did not decrease when the
dinimum tensile stress was near zero (curve 3 in Fig. 2).
For an ultra-high strength aluminum alloy (7075-T65, Y.S = 510MPa),
Phie pesults are shown in Fig. 3. The Aoy value under a cyclic compressive
oad with a minimum cyclicstress»omin = "150MPa was Ao,, = 135MPa or
El th
A Kyp = 27MPam® but the corresponding value under a cyclic tensile load

:ith the same minimum cyclic stress o =15MPa was Aoyp = 35MPa or
1

min
(p) = 7MPam”.
x Z. The growth of the fatigue crack under cyclic compressive stress.
The length of the fatigue crack under a cyclic compressive load with
‘min = 310MPa is plotted in Fig. 4 as a function of the number of com-

sive load cycles. It is clear that the crack grew at a decreasing

te until eventually it stopped growing and the maximal length of the
wopagating crack was only 0.2 to 0.5mm. A similar result was obtained
for aluminium alloy. In this case the crack length on the surface of the
pecimen was the same as that in the interior as indicated in Fig. 5(a).

“nly the crack on the surface layer could continue to propagate 0.2~1.0mm

{4

the =Oin Was decreased after the growth of the crack had stopped

. 5b). Not only on the surface but also in the interior the fatigue

rack could continue to propagate 2-4mm if the “Oin Was decreased to
fwar zero, as indicated in Fig. 5 (c). The fatigue crack under cyclic
ompressive load was perpendicular to the direction of the loading (Fig.
A4}, similar to that under tensile stress. The variation of da/dt with

(p) is shown in Fig. 6. For either the steel or aluminum alloy, the
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da/dt under a cyclic compressive load with - Oin = O was ten to hundred cyclic tensile load.

times larger than that under a cyclic tensile load. Scanning electron 2. The fatigue crack would not propagate under a cyclic compressive
photo micrographs showed that the fatigue fractures under a cyclic com- cod alter it grew to a certain size. If the minimum cyclic load was near
pressive load were the same as that under a cyclic tensile load. «we, the threshold value of crack initiation under cyclic compressive

tieess decreased greatly and  the fatigue crack continued to propagate,

DISCUSSION
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stress, the local alternative slip and cumulative damage process can occur .
Cay

; C.N. Reid et al, Fatigue of Engineering Meterials and Structure, 1

and then the fatigue crack can nucleate under cyclic compressive load.
(1979), p. 267.

For a deep and sharp notch specimen (Fig. 1), the maximum stress at
1

the notch tip is 9oz = QKI(np)2 = 26.3 0. If yield strength under a com- §7‘

pressive load is the same as that under a tensile load, i.e., og = 1380MPa :

for the ultra-high strength steel or 510 MPa for the aluminum alloy, there JT“

is a compressive plastic zone ahead of the notch tip when the applied com- & :;;:::’ T Fig. 1 Notch compressive
pressive stress o2o, =04/26.3 = 53MPa (for steel) or 20MPa (for aluminum wlﬂ "’7’8'4 fatigue specimen
alloy). Experimental results showed that the threshold value under a cyelic 3 -

compressive stress with the minimum cyclic stress T, (6~7) o.was four ! 30 1

times as high as that under cyclic tensile stress (Fig. 2 and Fig. 3).

However, when the minimum cyclic stress =0 i, Was near zero, the notch

could open under the tensile residual stress. As a result, the threshold

value decreased significantly and was near to that under cyclic tensile
stress. If we consider that the macro-crack initiation results from the
nucleation and the linking of the microcracks or voids caused by alternat-
ing slip, the existence of tensile stress would facilitate the linking
process and then the threshold value would decrease greatly.

Because there is no stress concentration at the fatigue crack tip
under compressive stress after the crack has propagated to a certain size,
i.e., 0.2 to 0.5mm, the fatigue crack will not grow under cyclic com-
pressive stress. If the minimum cyclic stress was near zero, the crack
could propagate under a cyclic compressive load due to the tensile resi-

dual stress. It is clear that the opening of the crack plays an important

role in the propagation of the fatigue crack.

CONCLUSIONS

. .. ’ Fig. 2 Variation of the number of crack initiation
1. A fatigue crack could initiate from a notch under a cyclic com-

cycles with the stress range Ag, 30Cr2Wv,
Y.S = 1480MPa.

pfessive load but the threshold value was four times as large as that
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