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 Al Zn Mn Si Cu Fe Be Pb 

AZ 91D 7.98 0.63 0.22 0.045 0.007 0.013 0.0003 0.057 
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 Rm [MPa] A5 [%] Z [%] HB2,5/62,5/30 

AZ 91D 223 8.0 0.5 64.2 
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?�( )σa = f (N), fractografic ana-
lysis) obtained under high-frequency cyclic loading in the
region of high number of cycles from N = 6·105 to N = 1·109

cycles.
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The fatigue resistance in the region of high number of cy-
cles of the magnesium alloy AZ 91D with chemical com-
position (Tab. 1), mechanical properties (Tab. 2) and micro-

structure (Fig. 1) after thermal processing T4 (melting an-
nealing – temperature 413oC, holding stage 18 hours and
cooling to water) has been carried out on the testing equip-
ment KAUP-JU Jilina, under high-frequency cyclic load-
ing of the type tension – pressure with sinusoidal course
(f = 20 kHz, T = 20 ±10oC, R = ±1), while using methods
and procedures in accordance with papers [7, 8].

Samples, on which metalographic analysis has been car-
ried out, have been taken from cast plates with dimensions
200×100×21 mm (length × width × thickness), precisely
from the plate edge to the plate centre. Microctructure ��
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���� �� ��
��� �aken from the plate middle (grain size 4)
(Fig. 1a) when compared to the samples taken from the
plate edge (grain size 5) (Fig. 1b). At some places, within
the grain boundaries there has been found the presence
of small amount of discontinual precipita� ���������� ��
��� ��
���� �� ���� γ )������ ��
����� $�12Mg17+
��K
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σa = f (N) in the region from N = 6·105 to N = 1·109 of cycles
to fracture has been studied. Experimentally measured va-
lues of the fatigue resistance (Fig. 2) show relatively high
dispersion. This dispersion of the measured values has been
caused, first of all, by the presence of cast defects (mi-
cropipes, structural heterogeneities). The occurence of
these defects, their character, size, orientation, amount and
location on the surface and in subsurface layers influenced
in a negative way and to a various degree of strength the
fatigue resistance of the studied alloy. Experimental results
show an obvious difference in the values measured on test
bars taken from the plate centre (A) and the plate edge (B).
Different size of grains (Fig. 1a, 1b) caused by different
speed of hardening and cooling at the plate centres and at
the plate edges in the course of casting, plays here a consid-
erable role.

When the number of loading cycles to fracture of indi-
vidual test bars disturbed by fatigue is taken into consider-
ation, the idea appears immediately, namely, to divide the
experimental results, presented in Figure 2, into two areas
(area I and II). In the case of such division we can think, to
a certain probability, of different micro-mechanisms of fa-
tigue disturbance initiation (surface and sub-surface initia-
tion of fatigue cracks).

The fractografic analysis of fracture surfaces of test bars
disturbed by fatigue has shown that the fatigue cracks, al-
most in all cases, have been initiated from the surface of the
test bars. In most cases, an initiation place was a cast defect
reaching to the surface of the test bar (Fig. 3). The cast
defects were mostly microscopic small, nevertheless their
occurrence was very frequent and sometimes they created
rather a wide network. Parts of fracture surfaces that
showed signs of fatigue disturbance (Fig. 4) had a tran-
scrystallic character for the most part.
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The disturbance character of test bars taken from the
plate centre and plate edge has not disclosed any substantial
differences from the fractografic point of view. The fracture
surfaces generally have had a mixed character of distur-
bance. In addition to facets having character of transcrys-
tallic fatigue disturbance, on the fracture surfaces there also
appeared inter-crystallic facets (Fig. 5). Clearly visible fa-
tigue grooving could be observed at the studied fracture
surfaces very seldom only (Fig. 6).
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Experimental assessment of the fatigue resistance of
the studied magnesium alloy AZ 91D in the region of
high number of loading cycles (N = 6·105÷1·109 cycles),
carried out under high-frequency cyclic loading ( f = 20 kHz,
T = 20 ±10oC, R = ±1) has shown that:
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The most substantial enhancing of the fatigue properties
of the produced magnesium alloy AZ 91D can be obtained
by means of improving the level of technological perfection
of its production (above all by reducing the amount and size
of micro-cavities and making the grain size more uniform).
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