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ABSTRACT

In this work , an experimental study to obtain the fatigue endurance limit for
two auminum aloy , 2024 and 5052 , were carried out at stress ratio R=-1 and
rotary bending tests . The fatigue tests were performed at RT, 100 °C, 200 °C and
300 °C in order to establish the S-N curve equations. The fatigue endurance limits
for both dloys at different temperature conditions were caculated at 10" cycles
from the empirical S-N curve equations. It was found that the fatigue endurance
limit decrease with increasing the temperature. Also the reduction percentage in
fatigue endurance limit for 5052 Al. alloy was higher than that of 2024 Al. aloy.

Keywords: Aluminum aloys, fatigue endurance limit, temperature.
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INTRODUCTION
t is a common sense that temperature causes a reduction in faigue
properties as well as in tensile properties, e.g. fatigue limit an tensile strength
decrease with temperature [1]. Collins study observed in a gray cast iron that
the fatigue strength keeps relatively constant for testing temperature ranging from
20 °C to 250 °C. Then there is an increase on fatigue strength for temperature
around 350 °C to 450 °C and a decrease for temperature higher than 450 °C [2].
Callins aso observed that the tensile strength follows the same tendency of fatigue
strength. Shigley et al [3] proposed that the fatigue limit should be related to tensile
strength evolution with temperature. They observed in most of the materials both
fatigue limit and ultimate tensile stress have the same trend with temperature [3].
Also Shigley et a [3] proposed an equation to estimate the fatigue limit based on
the ultimate tensile strength as follows:
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O est temp) = KTo, Ry (@)
Where ﬂ'u( test temp) is the ultimate tensil e strength at test temperature.
Kt isthe temperature factor , and
Tu (RT) is the ultimate tensile strength at room temperature.
And

OFL(TT) — OFL(RT) KT 23 : S (2
Where  OFp (TT) isthefatiguelimit at the test temperature.

OF L (RT) Isthefatigue limit a the room temperature.

and K isthefactor which takes into consideration al the other factorq[1].

A method to predict the fatigue limit by using Vickers hardness measurement
was proposed by Casagrande et a [4]. Fatigue limits for four kinds of sted in
different metallurgical state (annealed, quenched and quenched — tempered) were
estimated in two different ways, and the obtained values were compared to the
experimental ones> A good corrdation between Vickers hardness and the fatigue
limits estimated by direct plastic deformation zone [4].

In the past years many empirical correations among ultimate tensile, hardness and
fatigue limit have been proposed, for example, the fatigue limit stress

_ Ty
OpL = ? .......... 3
and
opr = 1.6HV £ 0. 1HV ..o, 4
Where:

Ty L: isinMPaand HV in the Vickers hardness in Kgf/mm?[5].

A more detailed investigation in the relationship between HV and fatigue limit was
proposed by Murakami [6] as:

1.43 (HV+120)

Opr = T
{1-' mf'ea}ﬁ'

Where:

(_1,;' area) is the square root of the projected area of defects. The aim of this

study is to evaluate the fatigue endurance limits at different temperatures 100, 200
and 300°C for two aluminum alloys under bending testing and stress ratio R= -1.

EXPERIMENTAL PROCEDURE
M aterials

Materials used in this investigation were aluminum dloys; they are 2024 and
5052 aloys. The 2024 alloy (duralumin) being partially the first heat-treatable
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dloy and still used for wide application for many engineering and aircraft
structural purposes in the form of forgings, extrude bar. This dloy has higher
strength and lower corrosion resistance due to high copper content. 5052 aluminum
al l oy provides good resistance to stress corrosion and has good welding
characteristics [7].
CHEMICAL COMPOSITIONS

Table (1) illustrates the chemical composition of the auminum alloys in wt%

Table(1): Experimental chemical composition of 2024 and 5052 Al alloys

Chemical composition
Material | Cu Mg Mn Zn Si Fe Ni Al
2024 4 0.244 | 0.43 0.43 0.12 0.28 0.1 Rem.
5052 0.024 |2351 |0.015 |0.019 |0.132 | 0.308 | - Rem.
TENSILE TEST

The tensile test was done using instron 225 testing machine that has a maximum
capacity of 150 KN. These specimens have been taken from the received round bar
of diameter ®=16. Shape and dimensions of test specimens were taken according
to German engineering standard (DIN 50123). The obtained results are shown in
table (2).

Table(2) : Mechanical properties of the two Al alloys

Al o,(MPa) | 6)(MPa) | E(GPa) | G(GPa) | u Elongation | HB
alloy %

2024 | 508 355 73 29 0.25 | 16 118
5052 | 195 102 71 28 027 |14 48

The above results are an average of three readings.

FATIGUE ROTATING BENDING SPECIMENS

All fatigue specimens were manufactured using programmable CNC lathing
machine by writing a suitable program from the profile of specimen on an edge of
metallic plate. Then al the specimens were machined, corresponding to that profile
by copy machining. During manufacturing of the specimens, careful control was
taken into consideration to produce a good surface finish and to minimize residual
stresses. The fatigue specimen is shown in figure (1).
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®=-10 ) L_'

Figure (1) geometry of fatigue creep interaction specimens, dimensionsin
millimeter according to (DIN 50113) used standard specification

FATIGUE TEST RIG

A fatigue-testing machine of type PUNN rotating bending was used to execute
al fatigue tests with constant and variable amplitude loading under room and
elevated temperatures. Thetest rig isillustrated in fig. (2).

Thermal
— Comtrol circeit

Thermo couple

Figure (2): PUNN Rotary Fatigue Bending machine

The furnace making to raise the temperature of specimens to a known devated
temperature and the dectrical control drcuit can be found in Ref. [8].

EXPERIMENTAL RESULTS
12 fatigue specimens were tested for each alloy to investigate the basic SN
curves as shown in table (3).
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Table(3): basic S-N resultsfor the two alloys used

2024 alloy 5052 alloy
Specimen | Applied | N, cycles Specimen | Applied | N¢, cydes
No. stress No. stress

of(MPa) of(MPa)
1,2,3 300 2450,2800,1900 13,14,15 | 90 82000,87000,91000
4,5,6 250 44600,48600,50800 16,17,18 | 80 115000,104000,101000
7,89 200 162800,157800,151200 | 19,20,21 | 70 407000,398600,386000
10,11,12 | 150 288900,292600,307000 | 22,23,24 | 60 782000,807000,718600

8 fatigue specimen were selected to test for each alloy under 100°C, 200°C and
300°C to obtain the S-N curves at devated temperatures. These results are given in
table (4),(5) and (6) respectively.

Table (4): S-N curveresults at 100°C

2024 alloy 5052 alloy
Specimen | Applied | N¢, cycles Specimen | Applied | N¢, cycles
No. stress No. stress

Gf(M Pa) Gf(M Pa)
25,26 300 1800,2000 33,34 90 70600,69200
27,28 250 31600,35200 35,36 80 101600,94800
29,30 200 133600,148000 | 37,38 70 332600,316400
31,32 150 201600,199600 | 39,40 60 610800,622900

Table (5): S-N curveresults at 200°C

2024 alloy 5052 alloy
Specimen | Applied | N, cycles Specimen | Applied | N¢, cydes
No. stress No. stress

Gf(M Pa) Gf(M Pa)
41.42 300 800,600 49,50 90 50200,44600
43,44 250 20600,19800 51,52 80 77800,80200
45,46 200 101200,91600 | 53,54 70 201600,199800
47,48 150 162600,157000 | 55,56 60 310800,302000
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Table (6): S-N curve results at 300°C

2024 alloy 5052 alloy
Specimen | Applied | N¢, cycles Specimen | Applied | N¢, cycles
No. stress No. stress

of(MPa) or(MPa)
57,58 300 160,200 65,66 0 18600,19100
59,60 250 11500,10000 | 67,68 80 31800,22800
61,62 200 35000,37000 | 69,70 70 102600,98800
63,64 150 90600,70800 | 71,72 60 170800,154100
DI SCUSSIONS

Introduction

All the fatigue S-N curves of the two metals (2024,5052 Al dloys) under RT
and elevated temperatures can be analyzed based on Basquin eguation form as
follows:

gy = Ah}“ .......... (6)
Where Of is the applied stress at failure

N is the number of cycles at failure due to the applied stress Of

A and o are material constants that can be evaluated by linearizing the curve by re-
writing equation (6) in logarithmic form as following:

_ hTL logorlog— S logos Bl log Ny
hIL(logy) {5, log Ny

And
Eillag gF— @ Eilzllag N¢

logA = P (8)

Wherei is the number of readings or (i=1,2,3..... h)
And histhetotal number of readings
S-N curve equation under RT and € evated temperatures
Table(7) give the S-N curve equations for different conditions
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Table(7): Basguin

uationsfor two Al alloys used

RT of = 845 N;u.lzﬁ

2024 Al alloy 100°C o, =827 Nf—u.lz?
200°C 0f = 652 Nf—ﬂ.llg
300°C of = 5724 Nf—u.mg
RT o = 560 Nf—u.mz

5052 Al alloy | 100°C 0; =601 N7
200°C o = 791 Nf—u.zuz
300°C

gy =425 N7

Figure (3) shows the behavior of 2024 Al dloy while fig.(4) illustrates the fatigue
behavior of 5052 Al aloy under RT and e evated temperatures.

of( Mpa)

Nf(cycles)

Figure (3) S-N curvesat different temperatures for 2024 Al alloy
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Figure (4) S-N curves at different temperatures for 5052 Al alloy

The SN curves for both dloys a 100°C is a dlightly different properly
compared with the RT curves and the S-N curves behavior for 200°C shows a shift
to right i.e the fatigue life decreases compared to the RT for both aloys. The
reasons of the decrease in fatigue life with temperature could be related with the
tensile properties of the material [9] or the formation of early surface cracks which
in terms causes a rapid crack growth [10]. Another reason is the wesk grains
boundaries at high temperatures. As the high grain weaken, the transgranuler type
propagation of cracks changed into intergranuler form [10]. The above results are
in good agreement with the finding of Ref.[11].

FATIGUE ENDURANCE LIMIT AT DIFFERENT TEMPERATURE
CONDITIONS
Table (8) gives the experimental fatigue endurance limit at different conditions.

Table(8) Fatigue endurancelimits at 10’ cycles for different temperature

conditions
2024 Al alloy 5052 Al alloy
RT 100°C 200°C 300°C RT 100°C 200°C 300°C
111 107 96 89 41 37.5 28 25
Reduction % in endurance limit
0 | 3.6 1135 1982 |0 | 85 317 |39
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Figure (5) showsthe variation of fatigue endurancelimit with temperature

Figure.(5) fatigue endurance limit against temperature The reduction
percentage of the fatigue limit of aluminum alloys at elevated temperature is a
result of averaging of the precipitation hardened material structure. The results of
the fatigue limit of various materials as affected by temperature were collected by
Forrest [8]. The reduction percentage of fatigue endurance limit of the two
aluminum alloys used verses the temperature can beillustrated in fig.(6).

300 -
] For 2024 Al alloy
200 -
o -
- o
5
=
@00 For 5052 Al alloy
£ |
L
O T T T T T T T T T T T T T T T T 1
0 10 For 2024 Al alloy o 40
Fatigue endurance limit reduction %

Figure (6) Reduction percentage in fatigue endurance limit against
temperature
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Figure(5) and (6) show a good correlation between the current experimental
endurance limit data and the findings of Ref.[11]. The reduction percentage is
higher in 5052 Al aloy that in 2024 Al aloy and the reason may be that high
temperature embrittles the 5052 Al alloy. This embrittlement is due to superficial
deformation of the specimens [12].

CONCLUSIONS

It can be concluded that:
1- The fatigue endurance limit for both aluminum alloys decreases with increasing
the applied temperature.
2- The reduction percentage in fatigue endurance limit of 5052 Al alloy was higher
than that of 2024 Al aloy.

REFERENCES

[1] Costa, N. F.S.Silva, “On a new temperature factor to predict the fatigue limit at
different temperatures”, International journal of fatigue, 33, 624-631, 2011.

[2] Cdllins, ASM handbook, properties and sdection: irons sted, and high-
performance alloys, 10" edition, VVol.1, The materia information society, 1990.
[3] Shigley J.E., Mischke C.R., Budynas R.G., “Mechanical engineering design”,

7" edition, Mcgraw Hill, P.332, 2003.

[4] Casagrande, A. G.P. Cammarota, L.Micee, “Reationship between fatigue limit
and Vickers hardness in steels”, Material scence and engineering, A528, 3468-
3473, 2011.

[5] Murakami, Y. M.Endo, “Fatigue”, 16, 163-182, 1984.

[6] Y.Murekami, “Metal fatiguer Effects of small defects and nonmetallic
inclusions”, 1% edition, Elsevier science Ltd. Oxford, 2002.

[7] Bucci, R.J.” Selecting duminum aloys to resist failure by fracture mechanics”,
Int. journal fracture mechanics, Vol.12, pp.407-441, 1979.

[8] Alakawi H.J.,, Sa’ad Abbas Alsaraf, Kafel Mohammed, “ Thermomechanical
fatigue damage modd for life prediction of naval copper aloy”, Alanbar journa
for engineering sciences, Vol.2, 2011.

[9] Orkun U.O, “Effect of temperature on fatigue properties of DIN35 NiCr Mov
12.5 sted”, MSC thesis, The Middle East Technica University, 2003.

[10] Forrest, Peter George, “Fatigue of metals”, Oxford, New York, Pergamon
Press, 1962.

[11] Mahir H.M., “Accumulated damage in fatigue-creep interaction of aluminum
alloy 2024-Tu Blade material”, PhD thesis, University of Technology, 2009.

1057

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

