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LOW-CYCLE FATIGUE CHARACTERISTICS OF SELECTED TITANIUM, MAGNESIUM 
AND ALUMINIUM ALLOYS 

In the paper, on the basis of the performed tests, low-cycle fatigue characteristics (LCF) of selected light metal alloys used 
among others in the automotive and aviation industries were developed. The material for the research consisted of hot-worked rods 
made of magnesium alloy EN-MAMgAl3Zn1, two-phase titanium alloy Ti6Al4V and aluminium alloy AlCu4MgSi(A). Alloys used 
in components of means of transport should have satisfactory fatigue, including low-cycle fatigue, characteristics. Low-cycle fatigue 
tests were performed on an MTS-810 machine at room temperature. Low-cycle fatigue tests were performed for three total strain 
ranges Δεt = 0.8%, 1.0% and 1.2% with a cycle asymmetry coefficient R = –1. On the basis of the obtained results, characteristics 
of the fatigue life of materials, cyclic deformation σa = f(N) and cyclic deformation of the tested alloys were developed. The tests 
showed that titanium alloy Ti6Al4V was characterised by the highest fatigue life Nf, whereas the lowest fatigue life was found in 
the tests of the aluminium alloy AlCu4MgSi(A). 
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1. Introduction

Light metal alloys which can be deformed by means of 
plastic working, such as titanium alloy Ti6Al4V, aluminium alloy 
AlCu4MgSi(A) and magnesium alloy EN-MAMgAl3Zn1 are 
increasingly used in the automotive, machine building, railway 
and aviation industries [1÷4]. The growing interest in alloys 
based on light metals for applications in the automotive and 
aviation industries is caused primarily by the drive to reduce 
vehicle weight and fuel consumption. 

Precipitation strengthened two-phase titanium alloy 
Ti6Al4V is often used because of its good relationship between 
strength and ductile properties. The increase in tensile strength 
with the simultaneous decrease in plastic properties is achieved 
by the application of solution-heat and aging processes [5,6]. In 
addition, it is used in the aviation and chemical industries [1]. 
For example, alloy Ti6Al4V is used in the aviation industry for 
frames, wing leading edges, hydraulic and pneumatic conduits, 
landing flaps, etc. [5]. It is also used for hollow stepped axles 
and shafts in the machine and railway industries [2].

On the other hand, magnesium alloy EN-MAMgAl3Zn1 
has good mechanical properties and is not too expensive. It can 
be shaped by processes such as rolling, extrusion and forging 
[7]. Its low density makes it an attractive material for the au-
tomotive industry [3,4]. The use of wrought magnesium alloys 
was sporadic, which was a result of technological difficulties 
in plastic processing and high manufacturing costs. The low 

deformability of magnesium alloys at temperatures up to 200°C 
was caused by a limited number of slip systems in the hexagonal 
crystal network [8÷11]. Therefore, the number of alloy grades 
used for plastic processing is significantly lower than that of 
casting alloys. The mechanical properties of magnesium alloys 
after plastic processing are higher than those of cast alloys [4]. 
Alloys from the Mg-Al-Zn-Mn group, which contain up to 8% 
of Al with the addition of Mn (up to 2%) and Zn (up to 1.5%) 
[1,12,13], have the most favourable set of properties.

Aluminium alloy AlCu4MgSi(A) is very susceptible to 
pressing and bending. This alloy is moderately resistant to 
corrosion, but it is used, among others due to its good strength 
properties, in the production of components for the automotive 
industry, machine building parts and structural elements of 
aircraft [1]. Aluminium alloy AlCu4MgSi(A) is mainly used 
in the automotive and aviation industries [1,14]. It is estimated 
that over 60% of aircraft structures are made of aluminium 
alloys [1]. 

The usefulness of the above mentioned wrought alloys for 
applications as structural elements is determined not only by 
their low density, but also by a number of favourable mechanical 
properties UTS(Rm), YS(Rp0.2), A. Moreover, light metal alloys 
wrought into equipment components for use in the automotive 
and aviation industries should have favourable fatigue charac-
teristics [15]. 

Taking this into account, fatigue tests of this group of light 
metal alloys were carried out in the paper. Low-cycle fatigue 

* SILESIAN UNIVERSITY OF TECHNOLOGY, INSTITUTE OF MATERIALS ENGINEERING, 8 KRASIŃSKIEGO STR., 40-019 KATOWICE, POLAND
# Corresponding author: grzegorz.junak@polsl.pl 



1950

tests were performed at room temperature with a cycle asym-
metry coefficient R = –1. Low-cycle fatigue tests were carried 
out on an MTS-810 machine with three total deflection ranges 
o Δεt = 0.8%, 1.0% and 1.2%. On the basis of the obtained re-
sults, fatigue characteristics were developed, which can be used 
in predicting the durability of equipment elements made of the 
above-mentioned group of materials.

2. Research material

The material for the research consisted of hot-worked rods 
made of alloy EN-MAMgAl3Zn1, two-phase titanium alloy 
Ti6Al4V and aluminium alloy AlCu4MgSi(A). After extrusion, 
magnesium alloy rods with a diameter of 12 mm were annealed 
at 400oC with the soaking time of 60 minutes and then cooled in 
the air. The main mechanical properties of the materials tested 
at room temperature determined on the basis of a static tensile 
test (Fig. 1) are presented in Table 1. The characteristic feature 
of the magnesium alloy in comparison with other materials was 
the lower value of proof stress YS(Rp0.2) determined in static 
compression test conditions compared to the one determined in 
the tensile test, Fig. 2.

Fig. 1. Diagrams of static tensile tests of tested alloys

Fig. 2. Diagram of static tensile and compression test of magnesium 
alloy EN-MAMgAl3Zn1

TABLE 1

Main mechanical properties of the selected light metal alloys

Alloy
Main mechanical properties

UTS(Rm), 
MPa

YS(Rp0.2), 
MPa A, % Z, % E, GPa

EN-MAMgAl3Zn1 316.5 225.2 16.6 22.0 43.7 
AlCu4MgSi(A) 352.5 326.1 16.5 41.0 75.1 

Ti6Al4V 410.5 302.1 36.3 63.8 101.2 

3. Research methodology and results

Low-cycle fatigue tests were performed on an MTS-810 
strength testing machine. Screwed cylindrical specimens with 
a diameter of 12 mm were used in the tests. Fatigue tests were 
performed in tension and compression conditions with a cycle 
asymmetry coefficient R = –1. The tests were performed with 
the machine controlled by strain for three total strain ranges 
Δεt = 0.8%, 1.0% and 1.2%. During the tests, hysteresis loops 
characteristic for the fatigue process stage, corresponding 
to a half of the number of cycles to fracture, were recorded 
(Figs. 3÷5). 
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Fig. 3. Hysteresis loops parameters determined for a half of the number of cycles to failure of titanium alloy Ti6Al4V 
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On the basis of the performed tests, the characteristics of 
low-cycle life (1) were developed as in Figs. 6÷7.

 Nf = f(Δεt) (1)

where:
 Nf – the number of cycles to fracture,
 Δεt – total strain range.

Diagrams of cyclic material deformation (2), shown in 
Figs. 8÷10, have also been developed.

 σa = f (N) (2)

where:
 σa – amplitude stress determined for a half of the number 

of cycles to fracture,
 N – the number of cycles.
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Fig. 4. Hysteresis loops parameters determined for a half of the number of cycles to failure of magnesium alloy EN-MAMgAl3Zn1 
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Fig. 5. Hysteresis loops parameters determined for a half of the number of cycles to failure of aluminium alloy AlCu4MgSi(A) 

Fig. 6. Characteristics of fatigue life of the tested alloys Fig. 7. Characteristics of fatigue life of the tested alloys in the form of 
dependence Nf = f(Δεt) 
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Fig. 8. Characteristics of cyclic deformation of titanium alloy Ti6Al4V Fig. 9. Characteristics of cyclic deformation of magnesium alloy EN-
MAMgAl3Zn1

The obtained results were used to develop cyclic deforma-
tion diagrams (3) shown in Figs. 11÷13, [16].

 σa = K'(εapl)n' (3)
where:
 K' – cyclic strength coefficient,
 n' – cyclic strengthening exponent.

On the basis of the characteristic parameters of the process 
of low-cycle fatigue of the tested alloys listed in the tables in 
Figures 3÷5, fatigue life characteristics (4) were developed in 
the form provided by Morrow [16÷18]. 
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Fig. 10. Characteristics of cyclic deformation of aluminium alloy 
AlCu4MgSi(A) 

Fig. 11. Characteristics of cyclic deformation of titanium alloy Ti6Al4V 
against the background of the static tensile test diagram 

Fig. 12. Characteristics of cyclic deformation of magnesium alloy EN-
MAMgAl3Zn1 against the background of the static tensile test diagram 

Fig. 13. Characteristics of cyclic deformation of aluminium alloy 
AlCu4MgSi(A) against the background of the static tensile test diagram
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where:
 2Nf – the number of load reversals (half cycles),
 σf' – fatigue strength coefficient,
 εf' – fatigue ductility coefficient,

 b – fatigue strength exponent,
 c – fatigue ductility exponent.

Parameters characterising the process of low-cycle fatigue 
of the examined alloys are listed in Table 2.
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4. Analysis of research results

The analysis of the results of the static tensile test (Table 1) 
has shown that the best strength UTS(Rm), YS(Rp0,2) and ductile 
properties (A) are present in titanium alloy Ti6Al4V, for which 
UTS(Rm) = 410 MPa, YS(Rp0.2) = 302 MPa, A5 = 36%. The 
mechanical properties of the aluminium alloy were at a level 
of UTS(Rm) = 316 MPa, YS(Rp0.2) = 225 MPa, A5 = 16.6%. 
On the other hand, magnesium alloy EN-MAMgAl3Zn1 
had the lowest mechanical properties UTS(Rm) = 316 MPa, 
YS(Rp0.2) = 225 MPa, A = 16.5%. 

In the performed tests the process of low-cycle fatigue of 
the tested alloys occurred with a dominant participation of the 
elastic component (Δεe) of the total strain range (Δεt), i.e. above 
point Nt (as shown in Figs. 14÷16). The highest shares of the 
plastic strain range (Δεp – the widest hysteresis loops) were 
observed in the tests of titanium alloy Ti6Al4V. Despite this, 
the alloy showed the highest ability to transmit elastic-plastic 
deformations, expressed as the number of cycles to fracture Nf 
(Figs. 3÷5). EN-MAMgAl3Zn1 magnesium alloy showed sig-
nificantly lower durability and the lowest durability was found 
in aluminium alloy AlCu4MgSi(A) (Figs. 6÷7). 

Very unusual behaviour of magnesium alloy EN-MAM-
gAl3Zn1 was observed during the tests. The recorded loops were 
characterized by unexpected changes and anomalies of shape, 
already described in the literature [17], especially in the area of 
compressive stress (Fig. 4). As it is shown in literature [1] such 
a phenomenon usually occurs when elongation and rotation of 
individual grains happen during hard plastic processing. Such 
alloys are characterised by anisotropic behaviour regarding 
tensile and compressive stress what is defined as strength dif-
ferential effect – SDE.

Furthermore, during the process of low-cycle fatigue of 
this group of alloys, significant differences in the surface of 
the hysteresis loop were observed (Figs. 3÷5). No relationship 
was found here between the size of the area of this surface (cor-
responding to the destruction energy accumulated in the speci-
men in each cycle) and low-cycle life Nf of a given alloy. The 
durability of titanium alloy for which hysteresis loops were the 
widest was the highest for the relevant total strain ranges (Δεt) 
and exceeded the durability of the magnesium alloy as well as 
the aluminium alloy, which demonstrated the lowest durabil-
ity (Figs. 6÷7). The distortion of the hysteresis loop observed 
in magnesium alloy tests (Fig. 4), and the lack of symmetry 
between tension and compression half-cycles could have been 

caused by a different value Rp0.2 determined in static tensile and 
compression test conditions. 

Under fatigue test conditions aluminium alloy AlCu4Mg- 
Si(A) and titanium alloy Ti6Al4V were characterised by cyclic 
weakening (Figs. 8 and 10). On the other hand, the magnesium 
alloy showed cyclic strengthening (Fig. 9), This is corroborated 
by the position of the cyclic deformation characteristics in rela-
tion to the static tensile characteristics (Figs. 11÷13). This is 
because the characteristics of cyclic deformation of titanium and 
aluminium alloys are below the static tensile diagram, which 
indicates weakening of the materials. In the case of magnesium 
alloy, however, the cyclic deformation characteristics are above 
the static tensile characteristics, which results in strengthening 
of the material [16]. 

5. Conclusions

1. In the LCF tests the longest fatigue life was observed for 
titanium alloy Ti6Al4V and the shortest for aluminium alloy 
AlCu4MgSi(A). 

2. Titanium and aluminium alloys were characterised in the 
low-cycle fatigue test by cyclic weakening, whereas the 
magnesium alloy was characterised by cyclic strengthening.

3. The analyzed alloys did not show state of saturation during 
LCF tests.

4. Hysteresis loops observed in the process of low-cycle 
fatigue of magnesium alloy EN-MAMgAl3Zn1 showed 
anomalies of shape. 
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