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ANALYSIS OF THE PROPERTIES OF EN AC 51200 ALUMINUM ALLOY

The article will be focused on analysis of properties of aluminum alloy for the casting of type Al-Mg. As an experimental
material was used aluminum alloy EN AC 51200, supplied in a cast state without a heat treatment. It was produced by the continu-
ous casting method. Experiments deal with microstructural material analysis, fractographic analysis, mechanical and fatigue tests.
The microstructure of the testing sample was examined using an optical microscope Neophot 32. Fatigue properties of aluminum
alloy was tested by three-point bending cyclic loading. The fracture surface of the testing sample was examined using scanning
electron microscopy (SEM), where sample was observed on various stages of the fatigue process, its characteristics and differences

of fracture surfaces.
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1. Introduction

Casting alloys are materials used for the production of shape
castings that is aluminum alloy products with complex geometri-
cal shape(s). Casting aluminum alloys are quite widespread and
find more and more applications in modern industry [1].

Aluminum alloys are very important engineering materi-
als widely employed in the engineering and structural applica-
tions such as automobile parts, aircraft fittings, wire ropes and
overhead electrical cables due to its high strength-to-density
ratio. Aluminum alloys also undergo fatigue damage in these
applications [2].

Aluminum castings are widely used in the automotive in-
dustry for several components such as engine blocks and cylinder
heads, produced in high volumes, thanks to their favourable
combination of low weight, easy machinability, recyclability
and low cost [3].

Developments in aluminum alloys and optimization of
casting techniques have lead to improved material properties
and functional integration which enable aluminum castings to
satisfy the new market requirements and have allowed replacing,
in many cases, engine components made with heavy cast iron
alloys. Nevertheless requirements for new products are becoming
more and more challenging for conventional aluminum alloys
and their further improvement or the introduction of new alloys
are under evaluation [3].

Aluminum alloys intended for use in the automotive indus-
try should possess an appropriate combination of strength and
ductility. For example, sheets or profiles are typically formed
into final shapes such as body panels or bumper beams by cold
deformation. Hence, the bendability of the material is of great
importance in fabrication as well as in use, where the ductility is
required for optimal energy absorption. Uniaxial tensile testing
is often used to determine the mechanical properties of metals.
However, this type of test does not always give a good descrip-
tion of the deformation mode experienced by a component. In
this case, the three-point bending test is a suitable method for
describing the mechanical properties. The bendability is defined
as the ratio between the minimum bending radius and the thick-
ness of the test specimen without fracture occurring [4-7]. In
1960, Datsko and Yang [5] came up with a simple relationship
between bendability and the reduction in area obtained by tensile
testing. This empirical relationship, however, does not include
any of the underlying microstructural mechanisms. Several
phenomena influence the bendability, e.g., hardening behavior,
constituent particles, shear band formation, microstructure, and
texture/anisotropy [4].

The fatigue process can in general be divided into two main
steps [8,9]: initiation of micro-cracks due to local accumulation
of dislocations, high stresses at local points, plastic deformation
around inhomogeneous inclusions or other imperfections; crack
propagation, which causes permanent damage. The position and
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mode of fatigue crack initiation depends on the microstructure
of the material, the type of the applied stress and geometry of
the specimen [8,10]. The crack initiation periods can be very
different and cracks can be initiated either on or under surface.
Fatigue cracks initiation can be observed in stress concentration
points where the resistance area is smaller. The number of cycles,
Ny required for fracture can be determined from the number of
stress cycles, Ni, required for the appearance of the initial crack
in the material and the number of stress cycles, Np required for
a crack to propagate from the initial to the critical crack length,
when the final failure can be expected to occur (N = N; + N,) [8].

Castings made of aluminum alloys usually contain various
structural discontinuities, which have an essential influence on
the strength and fatigue life of these alloys [11].

The aim of this work is to study and analyze properties
of aluminum alloy for the casting of type Al-Mg, especially an
aluminum alloy EN AC 51200. Experimental measurement is
focused on material evaluation and fractographic analysis of
fracture surfaces after three-point bending loading.

2. Material and Methods

Commercial aluminum alloy EN AC 51200 was used as an
experimental material, supplied by its respective manufacturer in
a cast state without heat treatment in the form of ingot (Fig. 1). It
was produced by the continuous casting method. The real chemi-
cal composition of this alloy was examined by spark emission
spectrometer SPECTROMAXx and result is shown in Table 1.
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Fig. 1. An ingot of aluminum alloy EN AC 51200

First, the experimental material was subjected to metallo-
graphic analysis. The microstructures were studied using an opti-
cal microscope Neophot 32 and scanning electron microscope
TESCAN Vega I LMU with a Brucker-Quantax analyzer upon
deep etching [12,13]. The microstructure of alloy was evaluated
in its initial state.

The microstructure of the aluminum alloy EN AC 51200
was significantly dendritic (Fig. 2), which was formed by a ma-
trix of phase o (solid solution of additive elements in aluminum).
The intermetallic phase Mg,Si, phase B (AlszMg,) and other
phases formed by the combination of additive elements in the
aluminum, for example iron phase (Alg(FeMn)), were found in
the interdendritic areas. Figure 3 shows phases in the structure
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Fig. 3. Identification of phases present in the microstructure of the
aluminum alloy EN AC 51200 — point microanalysis of phases

TABLE 1
The chemical composition of aluminum alloy EN AC 51200, in wt. %
Si Fe Cu Mn Mg Cr Ni Pb Al
EN AC 51200 1.3100 0.1020 0.0031 0.4160 10.3210 0.0060 0.0041 0.0270 balance
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Fig. 4. Spectrum and quantified content of elements in the microstructure for the point 1 from Figure 3 — a confirmation of the presence of

Al13Mg?2 phase
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Fig. 5. Spectrum and quantified content of elements in the microstructure for the point 2 from Figure 3 — a matrix

on which the point microanalysis was performed. From Figures 4
to Figures 7, there are spectrums which confirm the presence of
individual phases.

A quantitative evaluation was also carried out, which in-
cluded a percentage assessment of shares of individual phases
present in the structure, calculation of the SDAS (Secondary

Dendrite Arm Spacing) factor and the grain size. This evalua-
tion was performed on an optical microscope Neophot 32 using
a NIKON Coolpix 4500 camera and NIS Elements software.
Percentage assessment of shares of individual phases
(Fig. 8) was performed at 1000x magnification and the sample
was etched with 0.5% hydrofluoric acid. The phase B had the
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Fig. 6. Spectrum and quantified content of elements in the microstructure for the point 3 from Figure 3 — a confirmation of the presence of Mg2Si
phase
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Fig. 7. Spectrum and quantified content of elements in the microstructure for the point 4 from Figure 3 — a confirmation of the presence of
Al6(FeMn) phase

largest share in the structure, in the amount of 8.2%. The inter- The SDAS factor was evaluated by a line method, on a ma-
metallic phase Mg,Si had a share of 6.9% and Alg(FeMn) phase  trix at 100x magnification, where the number of perpendicular
had a share below the percentage (0.85%). Resulting values of  secondary dendrite arms intersected by a 12 cm long line was
the percentage assessment of shares of individual phases were  counted. The mean value of the SDAS factor was 39 um from
from twenty measurements. twenty measurements.



a) a share of Mg,Si

b) a share of Al;Mg,
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c) a share of Alg(FeMn)

Fig. 8. A measuring of percentage assessment of phases in the alloy EN AC 51200

Grain size evaluation (Fig. 9) was performed at 100x mag-
nification, on a sample after electrolytic etching under polarized
light. Grain size was calculated as the area content of individual
grains. The resulting value of the grain size is 56455 um? and
this is the average value from twenty measurements.
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Fig. 9. A grain size measuring of aluminum alloy EN AC 51200

The experimental material of mentioned chemical com-
position was cut into simple blocky samples with dimensions
(wxhx]) 18 mmx10 mmx»40 mm (Fig. 10). The three-point
bending fatigue test (Fig. 11) has been carried out on testing
machine ZWICK/ROELL Amsler 150 HFP 5100 at room tem-

Py

Fig. 10. The specimen for a fatigue test

perature 22°C+5°C with static preload force F,,;. =—5.8 kN and
dynamic force Fg,,qm;c varying from 4.9 kN up to 5.70 kN. 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. The
frequency of fatigue tests was approximately /= 120 Hz. The S-N
curve was plotted from measured values, which gives relation
between stress amplitude o, and number of cycles N;[14,15].

L.,

Fig. 11. A display of the three-point bending fatigue test setting

A Vickers hardness test was also performed, according to
the STN EN ISO 6507-1 standard on a Zwick/Roell ZHVp-A
test apparatus. As an indenter was an equilateral pyramid (with
a square base) made of diamond with a plane angle of 136°,
which was pressed into the sample for 10 seconds with a force
of 10 kP (HV 0.01) when measuring microhardness and 500 kP
(HV 0.5) when measuring total hardness. The resulting average
hardness values were from twenty measurements.

The fractography analysis of broken specimens was also
done. For fractography analysis scanning electron microscope
TESCAN Vega Il LMU was used. All fractography analysis was
done in order to describe micromechanisms of fatigue crack
initiation, fatigue crack propagation and final static fracture of
specimens [14,15].
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3. Results

For the cyclic three-point bending fatigue test, 18 single
block shape samples without notches were used, whose shape is
shown in Figure 10. From results of fatigue tests were constructed
the S-N curve in semilogarithmic coordinates (Fig. 12). These
results were approximated using the Basquin formula (Equa-
tion 1) for S-N presentation and approximation, in which the
exponents were calculated by the least squares method.

0u= oy x N} (1)

where o, 1s a factor of fatigue strength and b is an exponent of
lifetime curve.

By the Vickers hardness test, the total hardness of 100 HV
0.5 was measured for the aluminum alloy EN AC 51200. By the
microhardness measuring, which is used to determine the hard-
ness of individual phases, the hardness of the a-phase (matrix)

140
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78 HV 0.01 and the hardness of the B-phase (Al;Mg,) 230 HV
0.01 were measured. It was not possible to measure the hard-
ness of the Mg,Si phase and Alg(FeMn) phase, because these
phases are small, respectively fine. As can be seen in Figure 13,
during the measurement of the hardness of the Mg,Si phase, the
indentation also intervened in the matrix and thus the measured
hardness value was not the hardness of the specific phase, but
in this case it was the hardness of the mixture of a-phase and
Mg,Si phase. The same thing happened during the measurement
of the hardness of the Als(FeMn) phase.

4. Discussion
The microstructure of the investigated material is sig-

nificantly dendritic and the largest percentage is represented by
the a-phase (matrix). According to Boyko [16], approximately

o, = 174.91(N)*®
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Fig. 12. Results of fatigue tests for EN AC 51200
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Fig. 13. The measurement of the hardness of the Mg,Si phase

2+0.4 wt.% of magnesium and 0.38+0.05 wt.% of manganese
are present in the solid solution of the a-phase and the balance
is aluminum.

Because this type of alloy (Al-Mg) is not described in
detail as much as for example an Al-Si type of alloy, details
about phases located in the structure were obtained from the
publication [17]. It states that the following phases may occur in
Al-Mg alloys intended for casting: Mg,Si, Al;Mg,, Als(FeMn)
and Al;3sMg;Cr,. Results of analyzes show that phases Mg,Si,
AlsMg, and Alg(FeMn) were present in the EN AC 51200 al-
loy, which were precipitated mainly in interdendritic spaces.
The presence of the Al;gMg;Cr, phase in the structure was not
confirmed.

From experimental results and especially from measured
S-N curve is possible to see that the fatigue life increases with
decreasing stress amplitude. The S-N curve appears to continu-
ously decline as the life extends and orange markers indicate



specimens, which did not fail before the maximum number of
cycles, as runout. Fatigue test result stated the limit number of cy-
cles 20000028 at the maximum bending stress o, ,,.x = 124 MPa.

In order to examine the fatigue fracture surface, samples
were analyzed that were loaded at different maximum stresses
and with different fatigue lifetimes.

From the macrofractographic analysis of fracture surfaces,
it is possible to determine the site of initiation (nucleation) of the
fatigue crack and areas of individual fracture regions (fatigue
region and static fracture region). Fatigue crack initiated on the
surface of samples (Fig. 14). In the case of samples loaded with
higher stress amplitudes, it is possible to observe two initiation
sites on the fracture surface. In the case of samples loaded with
lower stress amplitudes, it is only one initiation site. The size
of the area of stable fatigue crack propagation also depended
on the stress amplitude. Fatigue tests determined that the high
stress amplitude caused a small fatigue area and a large area
of final static rupture. As the stress amplitude decreased, the
fatigue area of stable crack propagation increased. Alternatively,
it is possible to see the presence of inhomogeneities, especially
in cast materials. However, from macrofractographic analysis,
it was not possible to determine what was causing the fati-
gue crack.

From the microfractographic analysis it can be seen that the
fatigue area (Fig. 15) is characterized by transcrystalline fatigue
failure of the a-phase. Intermetallic phases were an interphase
failure in this area, at the matrix-phase interface. In all samples
it was possible to observe typical fatigue features in this area,
striations (Fig. 16).
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a) Initiation site at lower cyclic loading, one initiation point
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In the region of a static fracture (Fig. 17), it can be said that a
transcrystalline ductile fracture with dimple morphology and with
plastically deformed ridges is typical for a rupture of a-phase.
Intermetallic phases were also an interphase failure in this region.

5. Conclusion

The article provides information about the material and
fractures of aluminum alloy EN AC 51200 in the mode of three-
point bending. An S-N curve was constructed from measured
values and it is clear from it that the fatigue life increases with
decreasing stress amplitude. The S-N curve appears to con-
tinuously decline as the life extends and the limit number of
cycles 2.107 (20000028) was reach at maximum bending stress
Opmax = 124 MPa.

From macrofractographic and especially also from microf-
ractographic analysis of fracture surfaces, it was not possible to
determine what the fatigue crack initiated. It is assumed, that it
is caused either by notches after machining or by intermetallic
phases which act in the alloy as stress concentrators on which
a fatigue crack could initiate.
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Fig. 14. Fractography surface of aluminum alloy EN EC 51200 after three-point bending fatigue test, SEM
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Fig. 15. Fractography surface of aluminum alloy EN EC 51200 after three-point bending fatigue test, SEM
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