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The article is focused on the analysis of the structure and fracture sutface of aluminum alloy specimens.
Aluminum alloy AIMg9 was mainly used as an experimental material. The material from which speci-
mens were made was supplied as cast without heat treatment, and specifically the material was produced
by the continuous casting method. The structure of the test material was examined using a Neophot 32
optical microscope, and the fracture surface of the test specimen was examined using a scanning electron
microscope (SEM). The fatigue life of the aluminum alloy was tested by method of a three-point bending
cyclic loading using the parameters - frequency f = 100 Hz, temperature T = 22 * 5 °C and stress ratio R
= 0.11. The analysis showed that cast aluminum alloys are very sensitive to casting defects, such as po-
rosity or the content and distribution of intermetallic phases. If large pores or phases are present on or
near the surface of the sample, this can be the dominant cause of fatigue crack initiation and reduction

of the fatigue lifetime.
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1 Introduction

The automotive industry currently uses a wide
range of aluminum alloys to produce components
used in powertrains and chassis including transmission
housings, inlet manifolds, cylinder heads, wheels, en-
gines, but also as decorative elements. The increasing
trend of replacing steel parts with lighter aluminium
ones has caused aluminum alloys to be widely used in
other areas of the automotive
industry [1, 2].

Aluminum—magnesium casting alloys are mainly
used for production of automotive safety parts due to
their low density, resulting in the reduction of castings,
but magnesium s strong oxidation and poor formabil-
ity have limited its use. For this reason, it is urgent to
develop casting alloys with higher strength and per-
spective to produce automotive parts with high shape
integrity that can be subjected to cyclic stress, such as
subframe and door frame. Excellent mechanical prop-
erties of Al-Mg alloys, for example with the addition
of Si, and low production costs determined this alloy
to be chosen as a structural material in the production
of most industrial products, especially for the produc-
tion of structural components in the automotive in-
dustry [1, 3].

Aluminum alloy castings have been increasingly

used in recent decades, along with the industry’s ten-
dency to create new ways to downsize and improve
properties. The quality factor is based on the develop-
ment and application of new compounds and alloys,
as well as on many methods of investigating their
properties and uses [4].

Properties of the cast products, such as quality, are
mainly affected by microstructural changes during the
crystallization process of the melted alloy. It is very
important and beneficial to understand the phase for-
mation during the casting process to obtain desired
material properties [1].

The fatigue process can be generally divided into
two main steps [5]. The first step is the initiation of
microcracks due to local accumulation of dislocations,
high stress at local points, plastic deformation around
inhomogeneous inclusions or other imperfections.
And the second stepis the propagation of cracks that
cause permanent damage. The position and mode of
fatigue crack initiation depends on the geometry of the
sample, the microstructure of the material and of
course also on the type of applied stress [5, 6]. Crack
initiation periods can be very different and cracks can
form either at the surface or below the surface. The
initiation of fatigue cracks can be observed at stress
concentration points where there is an area of least re-
sistance. The number of cycles required for
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fracture (Nf) can be determined from the number of
stress cycles required for the initial crack to appear in
the material (N;) and the number of stress cycles, re-
quired for a crack to propagate from the initial length
to the critical length (N;,) when the final failure can be
expected to occur (Nf = N; + Np) [5].

Aluminum alloy castings usually contain various
structural discontinuities that have a signitificant im-
pact on the strength and fatigue life of these
alloys [7].

The manuscript presents study and analysis of alu-
minum alloy for the casting type of Al-Mg, especially
an  aluminum  alloy  AlMg9.  Experimental

150 mm

measurement is aimed at structural evaluation and
fractographic analysis of fracture surfaces after fatigue
loading.

2 Experimental material

A commercial aluminum cast alloy of the Al-Mg
type (AIMg9) was used as an experimental material,
which was supplied by its respektive manufacturer in
the form of an ingot (Fig. 1), in a cast state and without
heat treatment. The ingot was produced by the
method of continuous casting. From this ingot, simple
block specimens with dimensions of 18 mm x 10 mm
x 40 mm (w x h x d) were cut and milled.

Fig. 1.An ingot of aluminum cast alloy and a specimen

2.1 Material

After the delivery of the ingot, a spectral analysis
was performed by a SPECTROMAXXx spark emission

spectrometer to determine the exact chemical compo-
sition of the aluminum cast alloy. The determined
chemical composition is shown in the Table 1.

Tab. 1 Determined chemical composition of the aluminium cast alloy (in wt.%)

Cu Cr Fe Mg

Mn Ni Pb Si Al

AlMg9 0.003 0.006 0.103 9.457

0.403 0.004 0.029 1.306 balance

This material is known for its excellent corrosion
resistence, it can be machined, polished and welded
very well. The advantage of this alloy is that it can be
used without any heat treatment, which can save the
costs of manufacturing various parts and whole com-
ponents from this material. The production of this al-
loy is mainly mediated by the high-pressure casting
method [8].

2.2 Microstructure

Before the fatigue tests, the experimental material
was first subjected to metallographic analysis. The mi-
crostructure was studied using a Neophot 32 optical

microscope and a TESCAN Vega 11 LMU scanning
electron microscope with a Brucker-Quantax analyzer.
The microstructure was in the initial state and was pre-
pared by deep etching [9 - 11].

The microstructure of the aluminum cast alloy was
significantly dendritic (Fig. 2). The structure was
formed mainly by the matrix of phase «, what is a solid
solution of additive elements in aluminum. The micro-
structure also contained Mg»Si intermetallic phases,
phases (AlsMg) and other phases formed by a combi-
nation of additive elements in aluminum, for example,
an iron phase (Als(FeMn)). All phases were located
mainly in the interdendritic areas.
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Fig. 2 The microstructure of the investigated aluminum cast alloy AINMg9

As part of the microstructural analysis, a quantita-
tive evaluation of the structure was also performed,
which included a percentage evaluation of shares of
individual phases present in the microstructure. This
evaluation was performed on a Neophot 32 optical
microscope using a NIKON Coolpix 4500 camera
and NIS Elements software. Percentage evaluation of
shares of individual phases (Fig. 3) was carried out at

T
p

1000x magnification and the specimen was etched
with 0.5% hydrofluoric acid. The largest share of the
structure was the 8 phase (8.6%), then it was the Mg,Si
intermetallic phase with a share of 7.1% and finally the
Als(FeMn) phase, which had a share below the per-
centage (0.79%). The resulting values of the percent-
age evaluation of shares of individual phases are aver-
age values calculated from twenty measurements.

g
/

Fig. 3.A percentage assessment of phases in the aluminum cast alloy, a) a share of MgoSi, b) a share of ALMgy, ¢) a share of
Als(FeMn)

3 Fatigue tests

Fatigue tests (using the three-point bending test
method) were performed on the ZWICK/ROELL
AMSLER 150 HFP 5100 testing device (Fig. 4) ac-
cording to norm STN 42 0363. This device uses the
resonance principle with different amplitude (constant
or variable) and mean load. Simple specimens (with-
out notches) were loaded by three-point bending cy-
clic loading with conditions: static preload force

Fitatie = —6 kN, dynamic force Faynamic varying from 4
kN up to 5.8 kN and the frequency of loading was ap-
proximately f = 100 Hz. All tests were performed at a
room temtemperature of 22°C*5°C. The value of
2X107 numbers of cycles was set as reference and
when specimen has reached this value without break,
so called runout, that bending stress was considered as
fatigue lifetime limit [12, 13].
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Fig. 4.A fatigue experimental machine and a display of fatigue test method

4 Results and discussion

For the fatigue test, 20 specimens without notches
were used. From results obtained from the fatigue
tests, the curve (S-N curve) was constructed in semi-
logarithmic coordinates (Fig. 5). From experimental
results and especially from the constructed Wohler
curve, it can be seen that the fatigue life increases with
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decreasing stress amplitude. Gray marks in the graph
indicate specimens that have withstood a certain num-
ber of cycles underthe selected load and the silver
marks in the graph indicate specimens that did not fail
before the maximum number of cycles, as runnout.
The result of fatigue test determined the limit number
of cycles 20000010 at the maximum stress range
Ormax = 273 MPa.
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Fig. 5 Results of fatigne tests for aluminum cast alloy AINMg9

5 Discussion

The microstructure of the aluminum cast alloy
AlMg9 was expressively dendritic. The a-phase (ma-
trix of alloy) had the largest presence in the

structure. The publication from Boyko [14] reports
that approximately 2+0.4 wt.% of magnesium and
0.38%0.05 wt.% of manganese are present in the solid
matrix solution and the the rest is made up of alumi-
num.
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Since very little is described about this type of alloy
(Al-Mg) (for example, much more is described about
alloys of the type Al-Si, Al-Cu or Al-Zn), informations
about phases found in the structure of the investigated
alloy were mainly obtained from the publication from
Vander Voort [15]. This publication states that phase
such as AlsMg, Als(FeMn), MgySi and AlisMg;Cra can
occur in Al-Mg cast alloys. Results of the experimental
analyzes showed that Mg»Si, AlsMg> and Als(FeMn)
phases were present in the alloy, which were mainly
precipitated in interdendritic spaces. However, the
presence of the AlisMg3;Cr» phase in the structure was
not confirmed by analysis, it was not there.

~

Fatigue areas

Fig. 6 Fractography surface of aluminum cast alloy AlNMg9
after fatigue fest

Fig. 7 Fractography surface of aluminum cast alloy AIMg9
after fatigne test — two initiation points

Fig. 8 Transcrystalline fatigne failure of the a-phase in the fa-

tigne area

&

Fig. 9 Transcrystalline fatigne failure of the a-phase in the fa-
tigue area (another place)

The experimental material was subjected to fracto-
graphic analysis after the fatigue tests. In this analysis,
the fracture surfaces of specimens were observed us-
ing a TESCAN Vega II LMU scanning electron mi-
croscope [16, 17]. From the macrofractographic anal-
ysis of fracture surface of the specimen (Fig. 0), it is
possible to determine the place of initiation or nucle-
ation of the fatigue crack and also areas of individual
fracture regions (namely the fatigue area and area of
static fracture). A fatigue crack appeared on the sur-
face of the specimen.

In the case of specimen which was observed, two
initiation sites can be seen on the surface of the
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fracture edge (Fig. 7). A larger number of initiation
sites (more than one) occurs especially with higher
load amplitudes. From this analysis, however, it was
not possible to determine what was the cause of the
fatigue crack.

From the microfractographic analysis, it can be
seen that in the fatigue area (Fig. 8 and Fig. 9) it is
characterized by many transcrystalline fatigue failures
of the a-phase. Intermetallic phases were an inter-
phase failure in this area, at the matrix-phase interface.
Typical fatigue features in this area, striations, could
be observed in the specimen (Fig. 10).

A transcrystalline ductile fracture with dimple mor-
phology and with plastically deformed ridges is typical
for a-phase rupture in the area of a static fracture
(Fig. 11). Intermetallic phases were also an interphase
failure in this region.

Fig. 11 Fractography sutface of aluminum cast alloy AIMg9
after fatigue test — static part of fatigue fracture

6 Conclusions

This manuscript provides information about alu-
minum alloy AIMg9, more specifically about the inter-
nal structure of material and fractographic analysis of
fracture surface. The structure was evaluated in the in-
itial state and the fractographic evaluation was per-
formed after fatigue tests by three-point cyclic bend-
ing. A Woéhler curve (S-N curve) was constructed
from the experimentally measured values. It is clear
from it that the fatigue life decreases with increasing
stress amplitude. The Woéhler curve appears to de-
crease steadily with increasing lifetime (with increasing
number of cycles). The limit number of cycles 2.107
(20000010) was achieved at maximum stress range
Ormax = 273 MPa.

From fractographic analysis of fracture surfaces of
specimens, it was not possible to determine from what
the fatigue crack initiated, what was the exact cause. It
is assumed that this could have been caused by either
machining (milling) notches or by intermetallic phases
acting in the alloy as stress concentrators where a fa-
tigue crack could form. Microstructural analysis did
not show the presence of pores that arise from casting
defects, therefore pores were definitely not the cause
of crack initiation.
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