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Abstract

Automotive industry and mechanical engineering strive to drastically reduce the carbon footprint of their products. This is getting 
even more important since the usage of light weight metals like aluminum increases for light and efficient components. 
Nevertheless nowadays, cast aluminum products suffer from a lack of aluminum alloys that bear higher fraction of recycling alloys 
since their availability is crucial. The usage of recycling aluminum in gravity die casting processes could offer a high potential for 
the reduction of CO2 emissions but the effect of increasing accompanying elements like Cu, Zn or Fe in the recycled alloy on the 
cyclic material behavior is not investigated until now.  
Within the Fraunhofer internal research project “FutureCarProduction” the effects of recycling or secondary aluminum alloys on 
the casting process as well as the fatigue and crash behavior of car body components are investigated. The aim is to find the best 
combination between manufacturing efficiency and durability in relation to the alloy’s potential to reduce the carbon footprint and 
further negative emissions during the product life cycle. Based on the alloy AlSi7Mg0.3 used in gravity die casting components 
for car body parts three different configurations one as primary alloy and two with accompanying elements were cast and 
investigated by stress-controlled tests. It could be shown that additions of Fe and Zn e.g. lead to an increase in the cyclic and quasi-
static material behavior whereas the ductility was reduced.
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Nomenclature

A5 Elongation at fracture 
Al Aluminium
Cu Copper
f Test frequency
Fe Iron
k* Slope of the S-N curve after the knee point
k Slope of the S-N curve before the knee point
Kt Stress concentration factor
Kf Fatigue notch factor 
Mg Magnesium
Mn Manganese
N Number of load cycles
Nf Cycles to failure
Ni Nickel
Nk Number of load cycles at the knee point
Nlim Limit number of cycles
Ps Probability of survival
Rσ Load ratio under stress
Rm Tensile strength
Rp0.2 Yield strength
Si Silicon
Sn Tin
S-N Stress-life
Tσ Scatter band
Zn Zinc
εtech Technical strain
σa,n Nominal stress amplitude
σtech Technical stress 

1. Introduction

The future of vehicle construction and design is undergoing a tremendous transformation towards more efficiency 
in production methods: this is the development of new car body construction methods, based on highly integrated large 
castings like “Giga-Casting”, which can lead to a drastic reduction in production times, independency in the supply 
chain and high savings in manufacturing steps as well as machines to produce single parts. 

Besides that, the need arises to reach absolute sustainability in order to meet the climate targets in Europe and the 
rest of the world while still being socially just, ecologically sustainable and cost-efficient. This can be done by reducing 
the CO2 emissions during the sourcing of material, the production phase and the usage of components. Through 
material optimization and the consistent achievement of lightweight designs and structures, both material resources 
and fuel consumption can be reduced in vehicles.

These topics are addressed by the research project “FutureCarProduction”. The aim is to develop holistic solutions 
for the evaluation of new car body concepts comparing conventional processing, “Giga-Casting” and new methods, in 
terms of sustainability, technical performance, costs and resource efficiency. In this context, also the influence of 
recycling material of aluminum alloys are investigated. Specifically, the gravity die casting alloy AlSi7Mg0.3 is 
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inspected in different configurations as primary and two recycling alloys with increased fractions of iron, manganese, 
zinc and copper. This paper reports about this investigation with a focus on the quasi-static and cyclic material 
behavior. 

2. Materials and sampling of the specimens

2.1. Gravity casting in chill mold

For the investigation the alloy AlSi7Mg0.3 cast in a gravity casting process, which is known for its good mechanical 
and casting properties. An experimental plan with three different alloys based on AlSi7Mg0.3 was developed to 
conduct a sensitivity analysis with regard to additional alloying elements to simulate the accumulation of these 
elements and their influence on technological properties.

Fig. 1 shows the cast sample in the mold and the removal position for the tensile and fatigue specimens. Each 
sample was machined into two tensile specimens and, for each configuration, hardness specimens and micrographs 
were extracted, Fig. 1. All these samples were T6 heat treated. 

Fig. 1. Left: Gravity die casting with cast sample; right: final cast sample with specimen removal position.

2.2. Specimen removal

Bevor the manufacturing of tensile and fatigue specimens the round samples were inspected with X-ray computer 
tomography. The samples showed a good quality, and most specimens (> 80%) could be considered as sound and 
were used for the further evaluation process. 

From the sound samples, tensile specimens as well as fatigue specimens for stress-controlled fatigue tests were 
manufactured. For the tensile tests two different specimen sizes with a test diameter of d = 6 mm and d = 10 mm were 
removed to investigate the influence of the size on the resulting tensile test parameters. 

For the fatigue tests one unnotched specimen and two notched specimens with a stress concentration factor Kt of 
1.72 and 2.50 for stress-controlled tests were removed from the samples to investigate the notch effect, Fig. 2.

tensile and fatigue 
specimen

metallographs and 
hardness specimen

corrosion specimen
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Fig. 2. a) unnotched specimens; b) mildly notched specimen with a Kt = 1.72; c) sharp notched specimen with a Kt = 2.50.

3. Tensile test results

The resulting stress-strain curves for both specimen configurations are displayed in Fig. 3. The results show that 
the addition of Fe, Mn (S2) slightly reduces Rp0.2 and Rm, additions Fe, Mn, Cu, Zn (S3) raises these parameters again 
to similar levels to the primary alloy of AlSi7mg0.3 (S1). In general, however, yield stress Rp0.2 and tensile stress Rm

are only slightly affected for S2 and S3, and the scatter within a test series is small. In contrast to this, elongation at 
fracture A5 is strongly influenced by the alloying elements. Elongation at fracture A5 is reduced from about 12% to 
6% by adding Fe, Mn and even further reduced to about 3-5% by adding Fe, Mn, Cu, Zn. Comparing the parameters 
derived for the two different specimen types show that there is no overall influence of specimen type and thus no 
statistical or geometrical size effect (Kloos (1981)) within the three different alloys S1, S2 and S3.

Fig. 3. a) Stress-strain curves for the specimen with d = 10 mm; right: Stress-strain curves for the specimen with d = 6 mm.

4. Stress-controlled fatigue testing

To derive an entire overview about the cyclic material behavior of the influence of secondary aluminum stress-
controlled fatigue tests were performed with load ratios of 𝑅𝑅𝑅𝑅σ = -1 and 𝑅𝑅𝑅𝑅σ = 0 to assess the mean stress sensitivity and 
the influence of notch effects based on two different notched specimens.

The influence of the component’s geometry was assessed through cyclic material investigations of notched 
specimens with two different notch geometries to derive the fatigue notch effect for the different alloys S1, S2 and 
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S3. For this investigation, two notch geometries were selected: one with a mild notch (𝐾𝐾𝐾𝐾t = 1.72) and another with a 
sharper notch (𝐾𝐾𝐾𝐾t = 2.50). 

The fatigue tests will be conducted using a resonance test machine with a maximum load capacity of 20 kN and a 
test frequency of up to f = 150 Hz. All specimens were axially loaded with a sinusoidal signal at room temperature
and until the final failure or until reaching the limit number of cycles of Nlim = 1·107. 

The statistical evaluation was conducted based on the maximum likelihood method according to Spindel and 
Haibach (1979) and Stoerzel (2021) to derive the S-N curve parameters for a probability of survival of PS = 10%, 50% 
and 90%. Furthermore, the scatter band Tσ and the slope of the S-N curve k was determined. The slope after the knee 
point Nk was assumed to be k* = 45, which corresponds to a decrease in fatigue strength of 5% per decade according 
to Sonsino (2007).

5. Fatigue test results

Fig. 4 and Fig. 5 show the results of the stress-controlled fatigue tests on the unnotched and notched specimens 
under alternating and tensile loading. The results on the unnotched specimens, Fig. 4, show that the primary alloy (S1) 
has the steepest slope k in the medium cycle regime so before the knee point Nk. The knee point itself differs strongly 
between the different alloys under alternating loading. For the high cycle fatigue regime results under alternating 
loading, 𝑅𝑅𝑅𝑅σ = -1, all alloys achieved a comparable nominal stress amplitude σa,n of 105 MPa (S1 and S3) and 106 MPa 
for S2. Concerning the relation of the slopes k the three alloys show a comparable behavior under tensile loading, 𝑅𝑅𝑅𝑅σ

= 0. An improvement was determined for the high cycle fatigue regime: Here, the secondary alloys show a somewhat 
higher fatigue strength (σa,n = 74 MPa for S2 and σa,n = 72 MPa for S3) than the primary alloy (S1, σa,n = 65 MPa). 

Fig. 4. Comparison of the S-N curves for the three different alloys for alternating, Rσ = -1, and tensile loading, Rσ = 0, derived for unnotched 
specimens.

For the fatigue tests on the notched specimens the S-N curves for all three alloys show comparable results. This 
makes even more sense since notches are equalizers for fatigue strength. The only difference occurs for the results 
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under alternating loading in the high cycle fatigue regime. Here the alloys S2 and S3 show an around 13 MPa higher 
fatigue strength for Kt = 1.72 specimens compared to S1. This difference vanishes completely for the sharper notches 
(Kt = 2.50).

The scatter band Tσ did not show a clear tendency. While alloy S2 reached comparable narrow scatter bands of 
Tσ = 1:1.20 the primary alloy S1 exceeded a typical value for cast material of Tσ = 1:1.30 that Bleicher (2017)
recommends for the design of cast components by far. Under alternating loading S1 showed a scatter band of Tσ = 
1:1.36 and under tensile loading Tσ = 1:1.46. Also, S3 reached with Tσ = 1:1.38 a high scatter band. Typically, higher 
scatter bands are based on problems with the presence of defects like shrinkages or pores, Bleicher (2017). 
Nonetheless, based on the results of the quality assurance process none of those defects have led to such a scatter 
band. Thus, this is based on the microstructure itself. 

Fig. 5. Comparison of the S-N curves for the three different alloys for alternating loading, Rσ = -1, derived for notched specimens.

6. Summary and Outlook

The presented information provides an overview of the research project “FutureCarProduction” and its main 
objectives, which focus on evaluating the sustainability, performance, and costs of modern car body production 
methods. Particularly, the discussion includes the quasi-static material parameters and the fatigue strength influenced 
by the casting processes of primary and secondary aluminum for AlSi7Mg0.3 by gravity casting in a chill mold. 
Notably, the fatigue strength of secondary alloys with additives of Fe, Mn, Cu, and Zn does not exhibit a loss in fatigue 
strength. In fact, under tensile loading, the fatigue strength is even enhanced compared to the primary alloy.

Overall parameters, such as slope and scatter bands, show improvement, while mean stress sensitivity is reduced. 
Both effects improve the durability assessment of car body components with regard to damage accumulation. 
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