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Structural Changes during 
the Fatigue of Copper 

RECENT experiments on annealed low-oxygen high
conductivity copper have shown that, under direct 
fatigue stresses, the structural changes revealed by 
back-reflexion X-ray photographs (cobalt K<X radia
tion; film-to-specimen distance, 10 cm.) are markedly 
dependent upon mean cyclical load. 

The tests were carried out on a variable-frequency 
testing machine, which applied alternate tensile 
and compressive loads to the test specimen. The 
mean cyclical loads were conveniently varied within 
restricted limits by placing weights on a counter
balance pan which was attached to the straining 
device of the machine by a flexible steel cable passing 
over a pulley. . 

At frequencies of both 200 c./min. and 400 c./~n., 
small variations in the value of the counterweight 
attached to the straining device were found to pro
duce disproportionate changes in the X-ray diffraction 
patterns of test-specimens after 1,000 stress cycles 
at about ± 5 tons/sq. in. At the same time, perma
nent dimensional changes were similarly influenced 
by variations in the magnitude of the counterweight, 
as will be seen from Table I. 

Table 1 . . PERMANENT STRAINS AFTER 1,000 CYCLES AT ± :i TONS/~Q. IN 
APPROXntATELY 

200 c./min. tests 400 c./min. tests 

Counterweight Permanent Counterweight Permanent 
(lb.) strain (per cent) (lb.) strain (per cent) 

40 - 1 40 ~ 1 
60 - 0·3 80 Nil 
80 + 1 120 + 1 ·5 

In those cases where ·the permanent dimensional 
changes were slight or negligible, the X-ray patterns 
showed relatively small changes except for a general 
diffusion of the sharp diffraction spots typical of the 
annealed material (Ree Fig. 1). However, the changes 
in the patterns were quite pronounced in all cases 
where the permanent dimensional changes exceeded 
about, ± I per cent, at both high and low frequencies 
(see Fig. 2). 

Wood and Head2, in their direct reversed-stress 
tests on oxygen-free high-conductivity copper, at
tributed their observations of pronounced diffusion 
and circumferential arcing of X-ray diffraction spots 
at 'sub-critical' testing frequencies ( < 350 c./min. 
approximately) and the relative absence of changes 
at higher frequencies to the influence of a rl~lay 
period, representing the finite time between apph?a
tion of a stress and development of the corrcspondmg 
plastic strain. These tests were done on the machine 
used in the present work. 

However, repeated tension experiments which I 
have carried out on similar material have shown 
that the use of the higher testing frequencies fails 
to inhibit structural changes (as revealed by X-ray 
diffraction) and dimensional changes, at least after 
100 cycles. . 

Other work• has shown that, even under static 
loading conditions, annealed copper can withstand 
reversed stresses of ± 5 tons/sq. in. with only slight 
changes in X-ray diffraction patterns, providing a 
suitable 'stepped' loading sequence is followed. It is 
clear that, in this latter case, structural changes are 
minimized by the choice of an appropriate preliminary 
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Diffraction patterns: (1) specimen which showed zero exten
sion after 1,000 stress cycles at 400 c./min.; (2) specimen 
which suffered l ·5 per cent elongation after 1,000 stress cycles 

at 400 c./min. 

loading schedule rather than by any t ime-rlelay 
mechanism. 

The marked dependence of structura-1 and dimen
sional changes upon mean cyclical load in direct-stress 
tests can result in an erroneous impression being 
obtained of the nature and extent of fundamental 
structural changes under fatigue stresses, unless load
balancing operation,; of high precision are practised, 
In the absence of confirm&tory evidence from low
and high-frequency tests carried out in other types 
of machines (for example, rotating bending tests), it 
seems possible that the critical-frequency effect re
ported by Wood and Head• may have been attribut
able prima1·ily to progressive dimensional changes 
arising from characteristics of the testing machine. 

Some preliminary rotating bending tests have, in 
fact, been carried out, and X-ray diffraction studies 
have indicated that the st,ructural changes, even at 
21 c./min., may be relatively slight. 
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