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ABSTRACT:- In this study low cycle fatigue tests were performed in two aluminum
alloys with different chemical composition, namely AA2024-T6 and AA7020-T6 under same
heat treatment, using standard round specimens. The tests undertaken in strain control with
strain ratio Re = -1.The low cycle fatigue results are used for characterization of the cyclic
plastic response and the fatigue life of the alloys. This study revealed that the strength and the
different chemical composition have a significant effect on transition fatigue life. The degree
of the compatibility and precipitation of elements zinc (Zn) and copper (Cu) on their parent
metal lead to obtain higher fatigue properties value in alloy AA7020-T6 than alloy AA2024T6. Moreover, the cyclic deformation behavior seems to be influenced by the strength and the
different chemical composition
Keywords:- Low cycle fatigue, chemical composition, heat treatment.

INTRODUCTION
Age hardened aluminum alloys are of great technological importance. In particular for
ground transport systems, when relatively high strength, good corrosion resistance and high
toughness are required in conjunction with good formability and weld ability of aluminum
alloys with Cu and Zn as alloying elements AA2024-T6 and AA7020-T6 aluminum alloys
are used, which have many applications on aircraft fittings, gears and shafts, hydraulic
valves, nuts, pistons, worm gears, couplings and fastening devices

(1-3)

. One of the essential

goals in the fatigue process study is the prediction of the fatigue life of a structure or machine
component subjected to a given stress–time history, to allow this prediction complete
information about the response and behavior of the material subjected to cyclic loading is
necessary (4, 5). For ductile metals under periodic plastic loading, materials often fail within a
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limited number of life cycles, e.g. below about 103 - 104 cycles; this phenomenon is often
called the Low Cycle Fatigue (LCF) in a broad sense. Within this regime, the failure
mechanism is governed by plastic damage, which is characterized by microstructure
deterioration such as micro-void nucleation, growth and coalescence and micro-crack
initiation and propagation

(6)

. So the low cycle fatigue (LCF) became an important design

consideration in industrial integrity analysis of components operating at high temperatures,
when repeated thermal stresses are generated as a result of temperature gradient which occurs
on heating and cooling during start up and

shut downs occurs and thermal transient

condition. LCF resulting from start up and shut down under essentially strain controlled
conditions, since the surface region is constrained by bulk of the component
stress – strain path can be dependent on the material microstructure

(8)

(5, 7)

. The cyclic

. Fatigue cracks

frequently initiated from intensively stress concentration regions, increasing volume fraction
and particular sizes result in early crack initiation

(9)

. Aging resulted in the formation of

second phase with associated reduction in the toughness and LCF lives of the alloy (10).
Fatigue life was found to decrease with increase in the duration of hold time in both
tension and compression and it is increased and decreased according the type of heat
treatments (11, 12).
The present work intends to analyze the microstructure influence, namely the different
content on the aluminum alloys response to cyclic deformation behavior. For this purpose
low cycle fatigue (LCF) tests were performed in two AA2024-T6 and AA7020-T6 alloys
under same heat treatment. In addition the stress and strain fatigue life relation of the alloys
will also be obtained.

MATERIALS AND EXPERIMENTAL PROCEDURES
The tested materials were aluminum alloys with a T6 heat treatment, namely the
AA2024-T6 and AA7020-T6 alloys. The T6 heat treatment corresponds to a conversion of
heat-treatable material to the age-hardened condition by solution treatment, quenching and
artificial age-hardening. The chemical composition is shown in Table (1) has been examined
in Nsier’s company in Baghdad and their mechanical properties in Table (2) in Sulymania
technical college. An axial tensile test has been made using 4 samples for each alloy, and they
were prepared according ASTM E660 Fig. (1).Tensile tests were performed on tensile test
machine (Universal Material tester type WP 300 with 50 KN) to obtain monotonic stress –
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strain (S –e) curve and then forming true stress – strain (σ – ε) curve to find the total strain
and the load that which applied in fatigue test.
Low-cycle fatigue tests were performed in a fatigue testing machine WP140 with 300
N, interfaced to a computer for machine control and data acquisition. The tests were
undertaken, in agreement with ASTM E606 standard, using 12 samples for each alloy with 8
mm diameter round specimens and 106 mm long gauge sections shown in Fig. (2), were
obtained from extruded round rods with 25 mm diameter and their surfaces were
mechanically polished after machining.
The samples were cyclically loaded under strain control with nominal strain ratio Re =
-1 fully reversed stress. The cyclic-strain curves were determined theoretically using equation
(1) and (2)

(5)

for comparisons with the monotonic stress-strain curves were also

experimentally determined.

k 

 f

  

n

………..…. (1)

f

n 

b
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c

Where:  f is the fatigue strength coefficient,  f the fatigue ductility coefficient, k 
the cyclic strength coefficient, n the cyclic strain hardening exponent, (b) the fatigue
strength exponent usually varying between -0.04 to -0.15 for metals, and (c ) the fatigue
ductility exponent usually varying between -0.3 to -1.0 for metals.

RESULTS AND DISCUSSION
Material Response to Tension
The basic stress-strain curve characterizes the plastic stress-strain response of the
material for the major part of the fatigue life, and is one of its most important fatigue
characteristics. The strain hardening exponent (n) and the strength coefficient (k) were
determined as shown in Table (3) by plotting the stable stress amplitude against the axial
plastic strain amplitude on a logarithmic scale for both alloys are superimposed as shown in
Fig. (3) for comparison, which it shows that the value of (n) and (k) of the alloy AA7020-T6
more than of the alloy AA2024-T6, this means the high movement dislocation that produced
from internal strain about precipitation atoms was occurred, and provide more grain
boundaries to prevent

crack propagation than in alloy AA2024-T6. This indicates the

compatibility of solute atoms zinc (Zn) with the parent metal atoms in alloy AA7020-T6
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more than the copper (Cu) atoms in alloy AA2024-T6, and also indicates that the grain size in
alloy AA7020-T6 finer than in alloy AA2024-T6, this belong that the fine grains reduce
localized strain along slip bands, decreasing the amount of irreversible slip, and provide more
grain boundaries to aid in transcrystalline crack arrest and deflection, thus reducing fatigue
crack growth and increasing strength (14).

Material Response to Cyclic Deformation
The correlated cyclic stress-strain curves for both alloys are plotted in Fig.4 and 5 and
their parameters are indicated in Table 4. The monotonic curves are also superimposed in the
figure for comparison.
For the alloy AA7020-T6, as the monotonic curve lies below the cyclic curve, cyclic
hardening occurs at low axial strain up to 1.8%, while for strain amplitude higher than 1.8%
the alloy cyclically softens. This means the alloy AA7020-T6 has mixed behavior and their
strain hardening exponent value shown in Fig.3 proofed that. Typically, metals with a high
monotonic strain hardening exponent (n > 0.2) will cyclically harden whereas those with a
low monotonic strain hardening exponent (n < 0.1) will cyclically soften and for intermediate
strain hardening exponent ( 0.1  n  0.2 ) a metals will be mixed [5, 12].
The elastic limit for the stress strain curve was increased from the monotonic yield stress (σy)
value of 441 MPa to the cyclic yield (σc) value on (σc = 470 MPa) as shown in Fig. 4. As
expected from the strain hardening exponent value in Fig.3, alloy AA2024-T6 presents a
cyclically soften because the monotonic curve lies above the cyclic curve as shown in Fig. 5.
Furthermore, for this alloy, the cyclic yield strength approximately is equal to the monotonic
value.

Strain-Fatigue Life Relationship
Fig. 6 and 7 depicts, as a log-log plot, the total strain amplitude versus life in reversals
(2N) for alloy AA2024-T6 and AA7020-T6 respectively. In addition to the total strain
amplitude; the half-life values of elastic and plastic strain amplitude are also plotted.
As expected due to the lower monotonic properties as illustrated in Fig. 3, when compared to
alloy AA2024-T6, alloy AA7020-T6 has higher fatigue properties for high strain amplitude
(2N ≤ 1000), but lower fatigue resistance for strain amplitudes less than approximately 5.1%
as shown in Fig 7. The transition life (2Nt) can be determined from these figures. It is defined
as the life where the total strain amplitude consists of equal elastic and plastic components,
this imply, the life at which the elastic and plastic curves intersect [4]. The transition life was
Diyala Journal of Engineering Sciences – Special Issue
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found to be about 20100 and 780 cycles for alloys AA2024-T6, AA7020-T6 respectively as
shown in Fig. 6 and 7. Therefore, for higher lives the fatigue resistance of these alloys will be
determined by their strength.
The fatigue ductility and strength properties of the alloys were obtained from Fig. 6
and 7, and are given in Table 5., it is indicated that the fatigue ductility and strength
properties of the alloy AA7020-T6 recorded larger than the fatigue ductility and strength
properties of the alloy AA2024-T6; this implies the chemical composition and strength of the
two alloys has significant effect on their fatigue properties under the same heat treatment
condition. Therefore, the strain – fatigue life of the analyzed alloys, will be expressed by
application of Morrow’s equation is for alloys AA2024-T6 and AA7020-T6 respectively
using their fatigue parameters of Table 5.


420

2 N 0.06  0.112 N 0.5 ……….. (3)
2
71000

3672

2 N 0.071  0.482 N 0.69 …….... (4)
2
72000

CONCLUSIONS
From the Low cycle fatigue behavior of aluminum alloys AA2024-T6 and AA7020T6 with different chemical composition and under same heat treatment condition, the
following concluding notes can be written:
1.The compatibility and precipitation of element zinc (Zn) with its parent metal in alloy
AA7020-T6 better than copper (Cu) in alloy AA2024-T6 under same heat treatment,
lead to give high strength and large fatigue properties value.
2.The cyclic parameters were theoretically determined and compared with the monotonic
parameters were experimentally determined. The alloy AA7020-T6 cyclic hardening
occurs at low axial strain up to 1.8%, while for strain amplitude higher than 1.8% the
alloy cyclically softens, whereas the alloy AA2024-T6 cyclically hardens.
3.The transition fatigue life was found experimentally to be about 780 and 20100 cycles for
alloys AA7020-T6 and AA2024T6 respectively.
4.The ductility and strength properties of both alloys were experimentally determined under
same heat treatment, it was found that these properties significantly affected by the
chemical composition and the strength of the alloy.
5.The values of (b) and (c) of the two alloys are within the standard value.

Diyala Journal of Engineering Sciences – Special Issue

131

First Engineering Scientific Conference-College of Engineering –University of Diyala, 22-23 Dec. 2010
LOW CYCLE FATIGUE BEHAVIOR OF ALUMINUM ALLOYS AA2024-T6 AND AA7020-T6

REFERENCES
1.Neuber H. 1961, “Theory of stress concentration for shear strained prismatic bodies with
arbitrary nonlinear stress-strain law” Journal of Appl. Mech.Vol.28, PP 544-51.
2.E. Biank, L. Remy, 1988, “Low cycle fatigue behavior of pure aluminum and Al-Zn-MgCu alloy between 20 and 260 Co ”, These No. 735, PP 2.
3.W. Bolton, 1999, “Engineering materials”, 2 nd edition, Butterworth-Heinemann, Oxford,
PP 82-83.
4.L.P. Borrego, 2004, L.M. Abreu, J.M. Costa, J.M. Ferreira, “Analysis of low cycle fatigue
in AlMgSi aluminum alloys”, Journal of Eng. Failure analysis, No. 11, PP 715-725.
5.Yung-Li Lee, Jwo Pan, Richard Hathaway, Mark Barey, 2005, “Fatigue testing and
analysis”, Butterworth-Heinemann, Oxford, PP 182.
6.Liang Xue, 2008, “A unified expression for low cycle fatigue and extremely low cycle
fatigue and its implication for monotonic loading”, Int. Journal of fatigue, No. 30, PP
1691-1698.
7.W.J. Plumbridge, 1987, “Damage prediction during high temperature low cycle fatigue of
a titanium alloy (IMI 829)”, Fatigue frac. Eng. Mater Struct., Vol. 10, No. 5, 1987, PP
385-398.
8.Christ H.J., Mughrabi H., 2000, “A cyclic stress-strain response and microstructure under
variable amplitude loading”, Fatigue frac. Eng. Mater Struct., Vol. 19, No. 5, PP 33548.
9.M. K. Kulekci, I. Uygur, 2002, “Low cycle fatigue properties of 2124/SiCp Al-alloy
composites”, Turkish J. Eng. Env. Sci., No. 26, PP 265-274.
10. Vani shankar, M. Valsan, R. Kannan, K. Bhanu, 2004, “Low cycle fatigue behavior of a
modified 9Cr-1Mo ferritic steel”, Journal of material science and Eng., December 2022, 2004, PP 1-9.
11. Vani shankar, M. Valsan, R. Kannan, K. Bhanu, 2006, “Low cycle fatigue and creep of
a modified 9Cr-1Mo steel weldments”, Journal of material science and Eng., PP 413433.
12. Mazin Mahmood Yahya, 2009. “Low cycle fatigue failure of medium strength
aluminum alloy 7020 at different heat treatment”, Thesis, Baghdad, PP 2-47.
13. Annual book of ASTM standard section 2, 1981 “Nonferrous metal product”, Vol. 2,.
14. Ralph I. Stephens, Ali Fatmi, Robert I. Stephens, 2001. “Metal fatigue in engineering”,
2 nd edition, Wily inter-science, New Yourk,

Diyala Journal of Engineering Sciences – Special Issue

132

First Engineering Scientific Conference-College of Engineering –University of Diyala, 22-23 Dec. 2010
LOW CYCLE FATIGUE BEHAVIOR OF ALUMINUM ALLOYS AA2024-T6 AND AA7020-T6

Table(1): The chemical composition of the two aluminum alloys (wt %).
Alloy
Zn
Si
Cu
Fe
Mn
Mg
Ti
Al
2024 0.09
0.43
4.31
0.32
0.62
1.45 0.12 Balance
7020 4.28
0.14
0.15
0.39
0.09
1.04 0.042 Balance

Table (2): Monotonic mechanical properties of the T6 heat treated aluminum alloys.
Aluminum alloy
2024
7020
Tensile strength, σu (MPa)

420

565

Yield strength, σy (MPa)

360

441

Elongation, εt (%)

12.3

10

71

72

Young’s modulus, E (GPa)

Table( 3): The monotonic strain hardening exponent and strength
coefficient values.
Aluminum alloys

AA2024-T6

AA7020-T6

The strain hardening exponent (n)

0.093

0.14

the strength coefficient (k), (MPa)

700

840

Table(4): Cyclic stress-plastic strain curve parameters.
Aluminum alloy
AA2024-T6 AA7020-T6
Cyclic hardening coefficient, k´ (MPa)

700

3952

Cyclic hardening exponent, n´

0.11

0.1

Table (5): Strength and ductility fatigue parameters.
Aluminum alloy

AA2024-T6

AA7020-T6

Fatigue strength exponent, b

-0.06

-0.071

Fatigue strength coefficient, σf ´ (MPa)

420

3672

Fatigue ductility exponent, c

-0.5

-0.69

Fatigue ductility coefficient, εf´

0.11

0.48

Diyala Journal of Engineering Sciences – Special Issue

133

First Engineering Scientific Conference-College of Engineering –University of Diyala, 22-23 Dec. 2010
LOW CYCLE FATIGUE BEHAVIOR OF ALUMINUM ALLOYS AA2024-T6 AND AA7020-T6

G-gage length (30 mm ±0.06), D-diameter (6.0 mm ±0.1)

G: Gauge
(30
D: diameter (6.0 mm ±0.1), R: radius of
R-radius oflength
fillet (6mm)
minmm),
. , A-length of reduced section (36mm).
fillet (6 mm), A: length of reduced section (36 mm).

Fig. (1): Geometry of the specimens used in tensile test (13).

R=10 mm

Fig.(2): Geometry of the specimens used in the Low cycle fatigue test (13).

103

K=840MPa

True stress (MPa)

n=0.14

n=0.093
K=700MPa

10
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2024–T6

2

10-3

10-1
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100

True plastic strain

Fig.( 3): Monotonic stress-plastic strain curve parameters.
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Fig.(4): Monotonic and cyclic stress-strain curves: (a) alloy AA7020-T6.
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Fig.( 5): Monotonic and cyclic stress-strain curves: alloy AA2024-T6.
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Fig.( 6): Total strain –fatigue life curve of alloy AA2024-T6.
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Fig.(7): Total strain –fatigue life curve of alloy AA7020-T6.
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ﺳﻠوك اﻟﻛﻼل اﻟدوري اﻟﻣﻧﺧﻔض ﻟﻧوﻋﯾﯾن ﻣن اﻟﺳﺑﺎﺋك أﻟﻣﻧﯾوم AA2024-T6
و AA7020-T6
زﯾﺎد ﻧواف ﺣﺟﻲ
ﻣدرس ﻣﺳﺎﻋد

اﻟﻛﻠﯾﺔ اﻟﺗﻘﻧﯾﺔ -ﺳﻠﯾﻣﺎﻧﯾﺔ

اﻟﺧﻼﺻﺔ
ﻛﯾﻣﯾﺎوﯾﺔ ﻣﺧﺗﻠﻔﺔ ) (AA2024-T6و ) (AA7020-T6و ﻛﻠﯾﻬﻣﺎ ﻧﻔس اﻟﻣﻌﺎﻣﻠﺔ اﻟﺣرارﯾﺔ ,و ﺑﺄﺳﺗﺧدام ﻋﯾﻧﺎت
داﺋرﯾﺔ ﻗﯾﺎﺳﯾﯾﺔ .اﻟدراﺳﺔ ﺗم ﺗﺣت ﺳﯾطرة اﻷﻧﻔﻌﺎل )ﻣﻌدل اﻷﻧﻔﻌﺎل =  .(1-اﻟﻧﺗﺎﺋﺞ اﻟﻣﺳﺗﺧﻠﺻﺔ ﻣن ﻫذا اﻟﺑﺣث ﺗم اﻷﺳﺗﻔﺎدة
ﻣﻧﻬﺎ ﻟﺗﺣدﯾد اﺳﺗﺟﺎﺑﺔ اﻟﻣﻌدن ﻟﻠدورات اﻟﻠدﻧﺔ و ﻣﻐرﻓﺔ ﻋﻣر اﻟﻛﻼل ﻟﻬذﻩ اﻟﺳﺑﯾﻛﺗﯾن.
ﻗوة اﻟﺳﺑﯾﻛﺔ و اﻟﻣرﻛﺑﺎت اﻟﻛﯾﻣﯾﺎوﯾﺔ اﻟﻣﺧﺗﻠﻔﺔ اﻟﻣﺿﺎﻓﺔ ﻟﻬﺎ ﺗﺄﺛﯾر ﻣﺑﺎﺷر ﻋﻠﻰ ﻋﻣر اﻟﻛﻼل .درﺟﺔ و ﻧﺳﺑﺔ ) (Znو
) (Cuﺗؤدي اﻟﻰ اﻟوﺻول اﻟﻰ ﺧﺻﺎﺋص ﻛﻼل اﻋﻠﻰ ﻓﻲ اﻟﺳﺑﯾﻛﺔ ) (AA7020-T6ﻣن اﻟﺳﺑﯾﻛﺔ ) ,(AA2024-T6ﻓﻠﻬذا
ﺳﻠوك اﻟﻔﺷل اﻟدورات ﯾﻛون ﻣرﺗﺑطﺎ ﺑﻘوة اﻟﺳﺑﯾﻛﺔ و اﻟﻣرﻛﺑﺎت اﻟﻛﯾﻣﯾﺎوﯾﺔ اﻟﻣﺧﺗﻠﻔﺔ اﻟﻣﺿﺎﻓﺔ.

Diyala Journal of Engineering Sciences – Special Issue

137

