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Abstract- The effect of cold rolling on microstructure, tensile properties and fatigue crack propagation of AA 5052 
aluminum alloy was investigated by optical microscope, tensile and fatigue tests. The AA 5052 aluminum ally was 
homogenized at temperature of 470ºC for 6 h and then applied to cold rolling with the various thickness reduction of 15, 30 
and 45%. The results showed that the grains size in longitudinal direction were reduced with the enhancement of thickness 
reduction, whereas the grains in long transvers direction become elongated along the rolling direction. Due to work 
hardening effect, the tensile and yield strength were enhanced with increasing the percentage of thickness reduction. 
However, the ductility was reduced. The fatigue crack propagation versus stress intensity factor range were investigated in 
the Paris’s region. The different gains structure led to various of fatigue crack propagation. The fatigue crack propagation 

was increased with increasing the percentage of thickness reduction. Furthermore, the Paris constant C was enhanced when 
the thickness reduction was increased. However, the Paris exponent n was reduced. 
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I. INTRODUCTION 

 

Aluminum alloy AA 5052 is one type of AA 5xxx 

series aluminum alloys which is extensively utilized 

for many applications such as ship industry, 

automotive and construction industries. The reason of 

remarkable enhance in the utilization of alloy this 

series due to its light weight, good corrosion 

resistance, welding characteristic and low cost [1]. 

AA 5052 aluminum alloy is aluminum-magnesium 

alloys which Mg is the main alloy element with 
content in the range of 2.2 to 2.8% and other elements 

such as Fe, Si, Cu, Mn [2]. However, AA 5052 

aluminum alloy is one of non-heat treatable alloys. It 

means the mechanical properties of this alloys cannot 

be improved by heat treatment, but it can be 

improved its properties by cold working. 

As known, cold rolling is a process of basic 

deformation at low temperature in order to strain 

hardening occur. Cold rolling of non-heat treatable 

alloys may be obtained not only thin sheet but also 

increase the strength of material due to stain 

hardening [3], [4]. In contrast, the ductility of cold 
rolled was reduced [4]. Cold rolled has been acquired 

better quality such as tolerance thickness, 

dimensional accuracy and smooth surface on the 

materials compare to the hot rolled. However, hot 

rolled has been achieved good formability, suitable 

for all metals and large thickness change due to 

massive deformation of materials. On the other hand, 

the shorter production chain and period that are 

produced thin sheet by cold rolling is more profitable 

than conventional sheet [3]. Reduced weight is an 

essential consideration in mechanical design because 
it can save fuel consumption. Some researches related 

to effect of cold rolling of 5052 aluminum alloy are 

reported following below. 

Zhu et al. [3] reported the effect of cold rolling on 

microstructure and material properties of 5052 

aluminum alloy. Theses investigators indicated that 

the enhancement of rolling reduction leads to a 

decrease of grain size, enhance of ultimate tensile 

stress (UTS) and yield stress (YS), but the ductility is 

reduced. These researchers investigated the tensile 

properties of as received material and cold rolled in 

longitudinal and transverse direction. 

 

Effects of cold rolling and heat treatment on 
microstructure and mechanical properties of AA 5052 

aluminum alloy has been reported by Wang et al. [2]. 

These studies illustrated that the equiaxed grains were 

elongated along the longitudinal direction clearly 

when rolling reduction was enhanced. The work 

hardening is enhanced during increasing of rolling 

reduction that leads to increase strength and change 

plasticity. 

     

So far, many researchers are mainly focused on the 

effect of cold rolling on microstructure and 

mechanical properties. However, the effect of cold 
rolling on the fatigue crack propagation has only few 

studies. In previous researcher [14], the fatigue crack 

propagation of cold rolled Al-Mg-Sc alloy with 

different annealing temperature and annealing time 

was investigated. 

 

The purpose of the present investigation is to 

investigate the effect of cold rolling on 

microstructure, tensile properties and fatigue crack 

propagation of AA5052 aluminum alloy. 

 
In this study we focus this effect in more detail by 

comparing each of rolling reduction materials and 

non-cold rolled materials. 
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II. EXPERIMENTAL 

 

2.1 Materials and Procedures  

The material used in the present work was AA 

5052 aluminum alloy sheets. The chemical 

composition of this alloy sheets was shown in  

. 

 

Al Mg Fe Cr Mn Si Othe

rs 

96.8

5 

2.36

7 

0.314

6 

0.22

0 

0.080

6 

0.114

7 

Bal. 

Table 1. Chemical composition of AA 5052 aluminum alloy (wt. 

%) 

 

The as received AA 5052 aluminum alloy sheets with 

the dimensions of 200 mm long, 95 mm wide and 3 

mm thick were homogenized in a furnace at 

temperature of 470ºC for 6 h with the heating rate of 

5ºC/min and then cooled in air. The homogenized 

specimens were cold rolled at room temperature. The 

rolling reduction of AA 5052 sheets was reduced 

thickness from 3 mm to 2.55 mm, 2.1 mm and 1.65 

mm with the percentage of cold rolling reduction of 
15, 30 and 45%. The as received material, 

homogenized and cold rolled specimens were chosen 

to investigate the microstructure, tensile properties 

and fatigue crack propagation.  

 

2.2 Microstructure 

The microstructure of all alloy sheets was observed 

using optical microscopy. The microstructure of 

specimens was prepared on two principal direction 

following the grain structure: longitudinal directions 

and long transverse [5]. The specimens were mounted 
with resin and catalyst, and prepared following to 

standard metallographic procedure including grinding 

using SiC papers with various size, polishing surface 

using polish metal and etching using solution NaOH 

with Keller’s reagent, having the chemical 

composition 95 ml of H2O with 10 g of NaOH. 

 

2.3 Mechanical property test 

Mechanical property of AA 5052 aluminum alloy 

was measured using tensile test. All specimens for 

tensile test were prepared in the form of bone shape 
in the rolling direction using ASTM E-8 standard as 

illustrated in Fig. 1. Number of tensile tested 

specimens were three and the average tensile values 

were selected to evaluate the strength and elongation 

of the AA 5052 aluminum alloy. 

 
Fig. 1. Cold rolled specimen for tensile test [mm]. 

 
Fig. 2. Centre-cracked tension (CCT) specimen for fatigue test 

[mm]. 

 

2.4 Fatigue crack propagation test 
Fatigue crack propagation specimens were prepared 

in form of center-cracked tension (CCT) specimens in 

the rolling direction (RD) using ASTM E-647 

standard [5], [6] as illustrated in Fig. 2. Each center-

crack tension (CCT) specimens had the initial crack 

(ao) of 16 mm which are located perpendicular to 

rolling direction (RD). The initial crack was prepared 

by electrical discharge machining (EDM). Before 

testing, fatigue specimen surfaces were grinding with 

SiC paper and then polished using polish metal. The 

crack propagation length was investigated using a 

travelling microscope connected on the fatigue 
machine.  

 

The fatigue crack growth experiments were 

performed using a servo-hydraulic universal testing 

machine and a constant amplitude load was applied 

under a sinusoidal load with the stress ratio (R) of 0.1 

and a frequency, f =11Hz [5]-[7]. Moreover, a stress 

level was applied during fatigue crack growth which 

was about 20% of yield stress. 

 

III. RESULTS AND DISCUSSION 
 

3.1 Microstructure 

The optical microstructure results of as-received 

material and homogenized AA 5052 aluminum alloys 

in longitudinal and long transverse direction follow 

the grain structure are presented in erial. The highest 

value of UTS 
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Fig. 3. Microstructure of as-received and 

homogenized of AA 5052 aluminum alloy in 

longitudinal direction exhibited large equiaxed grains 
with no preferred orientation [5]. On the other hand, 

the average grain size of as-received material and 

homogenized along longitudinal direction or plate 

section are 58.26 and 55.84μm , respectively. As 

compared to as-received material, the grain size of 

homogenized specimen decreased slightly. In 

contrast, the grain structure subtracted from long 

transverse direction becomes elongated after 

homogenized treatment. 

The microstructure of cold rolled AA 5052 aluminum 

alloys with the various of the percentage rolling 
reduction are presented in Fig. 4. The grain sizes of 

cold rolled specimens with the various of the 

percentage thickness reductions of 15, 30 and 45% 

are 38.24, 34.56 and 21.56μm , respectively. It can 

see that the average grain size of cold rolled 

subtracted from longitudinal direction were decreased 

with increasing of the percentage of rolling reduction. 

The number of nucleation site enhances when the 

higher thickness reduction is applied [8]. The reasons 

of decrease grain size during cold rolling due to stress 
induced phenomena which is attributed to 

recrystallization of the grains [1]. As mentioned 

above, it can be said that the cold rolling leads to 

decrease the grain size of AA 5052 aluminum alloys. 

However, the grains after cold rolling in long 

transverse direction become elongated along the 

rolling direction (Fig. 4.b, d and f) [2]-[3], [9]. The 

atomic diffusion and dislocation motion are quashed 

during cold rolling which leads to elongated the 

grains along the rolling direction [10]. Moreover, the 

grains were more impressionable to elongate 
obviously and grain boundaries were more 

susceptible to finer when thickness reduction of cold 

rolling was enhanced. 

 

3.2 Tensile test properties 

Typical of evaluating strength and ductility of AA 

5052 aluminum alloy along the rolling direction, 

before and after the cold rolling, are illustrated in Fig 

5 and 6. The error bar of each variation alloy 

illustrates the standard deviation. Referring to Fig. 5 

and 6, it can see that cold rolling influences on 

mechanical properties of AA 5052 aluminum alloy. 
For as-received material and homogenized 

specimens, the ultimate tensile strength (UTS), yield 

strength (YS) and % elongation are almost the same. 

In contrast, the ultimate tensile strength (UTS) and 

yield strength (YS) of cold rolled specimens were 

enhanced with increasing of thickness reduction, 

whereas the ductility was reduced. As shown, the 

cold rolled specimens have high value of UTS and 

YS compare to as received material. The highest 

value of UTS 
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Fig. 3. Surface metallography of AA 5052 aluminum alloy in longitudinal and long transverse direction: (a) three principle 

direction, (b, c) as received specimen, (d, e) homogenized specimen. 
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Fig. 4. Micrographs indicate microstructure of cold rolled AA 5052 aluminum alloys in longitudinal and long transverse direction: 

(a, b) 15%, (c, d) 30%, (e, f) 45%. 

 

 
Fig. 5. Variation of ultimate tensile strength and yield strength 

of AA 5052 aluminum alloy under different cold rolling (CR). 

 
 

Fig. 6. Variation of ductility and yield strength of AA 5052 

aluminum alloy under different cold rolling (CR). 

reached to 285 MPa when the thickness reduction 

was increased to 45%. As compared to as received 

material, cold rolled specimens have less ductility 

which range from 9.93 to 16.50%, whereas 23.10% 

for as-received material. This enhance of mechanical 

strength can be explained in the following reasons: 

 

Firstly, decrease of grain size leads to a major 

contribution to the increasing the tensile properties. 

Referring to Hall-Petch equation
oσ = σ + K d , 

where d is the grain size diameter of material which 
plays a significant role in effect on mechanical 

properties. The smaller grain size leads to reduce the 

dislocations movement and grain boundaries have 

more obstacles to dislocations motion [1]-[2]. In 

addition, the grains were more impressionable to 

elongate evidently along the rolling direction with 

enhancement of the percentage thickness reduction 

which is benefit to improve tensile properties. 

 

As mention previously, it may be said that smaller 

gain size is better to increase mechanical properties. 

Secondly, the work hardening is one type of 
strengthening mechanism due to present of plastic 

deformation which leads to the number of 

dislocations density and substructure are enhanced 

significantly. The new dislocation motion and 

number of nucleation sites are obstructed which 

resulting increase tensile strength and decrease 

elongation. Finally, the development of texture 

orientation plays role in effect on mechanical 

properties. It can lead to improve a tensile properties 

of AA 5052 alloy. 

 

3.3 Fatigue crack propagation rate 

Fig. 7 illustrates the results of fatigue crack 

propagation rate for as received and cold rolled 

specimens with different the percentage of thickness 

reductions which was plotted in terms of crack length 
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(a) versus number of cycles (N).  As seen in Fig. 7, 

the fatigue life of as received AA 5052 aluminum 
alloy presented the number of fatigue cycles which 

was approximately 1,050,000 cycles. The fatigue life 

was reduced when the alloy was reduced thickness by 

cold rolling which was approximately 560,000 cycles 

for 15% of cold rolled. A high thickness reduction, 

typically 30 and 45% of thickness reduction 

continuously declined the number of fatigue cycles 

around 485,000 and 73,000 cycles, respectively. 

As compared to as-received AA 5052 aluminum 

alloy, the cold rolled samples were more susceptible 

to crack propagation. Microstructure and crack 

closure could effect on the crack propagation 
retardation [6], [11]. In case of cold rolled specimens, 

the crack will grow as fast as that of as received alloy 

due to small grain size. As mention above, it can be 

said that the fatigue life of AA 5052 aluminum alloy 

was decrease when the thickness reduction of alloy 

during cold rolling was increased.  

The fatigue crack propagation of AA 5052 aluminum 

alloy and under various of thickness reduction results 

were plotted in terms of fatigue crack propagation 

rate versus stress intensity factor range

(da dN-ΔK ) curves, as illustrated in Fig. 8. 

Fatigue crack propagation process can be separated in 

to three stages: slow crack propagation stage (I), 

stable crack propagation stage (II) and rapid unstable 

crack propagation stage (III). The stage II of the 

(da dN-ΔK ) curves is the most important to 

estimate the fatigue life [12].  

 

As seen in Fig. 8, 45% of cold rolled exhibited high 

fatigue crack propagation rate than those of other 

specimens. As compared to cold rolled specimens, 

the as received AA 5052 aluminum alloy exhibited 

low fatigue crack propagation rates. The various gain 
structure of as received alloy and cold rolled lead to 

the different of fatigue crack propagation rate. The 

fatigue crack propagation rate reduced when the 

grains size enhanced. On the other hand, as received 

material with coarser grains has lower fatigue crack 

propagation rate that those of finer grains [13]. 

The crack across boundaries at low stress intensity 

factor could be obstructed by dislocations around the 

sub-grain, therefore, the barriers against fatigue crack 

propagation is effected by small sub-grain structure 

and dislocation around sub-grain [14]. 
As received AA 5052 alloy displayed higher 

resistance in region I since number of sub-grains in as 

received AA 5052 alloy was bigger than those of cold 

rolled specimens. However, the crack of as received 

alloy was grew so fast at high stress intensity factor 

range due to low dislocation movement which cannot 

obstruct the crack across such boundaries. As 

compared to as received AA5052 alloy, 45% of CR 

displayed good resistance in the region II because the 

dislocation density was higher around the sub-grain. 

It can be dictated that gain size plays an important 

role in effect on fatigue crack propagation rate of AA 

5052 aluminum alloy.  

 
Fig. 7. Fatigue life of AA 5052 aluminum alloy and cold rolled 

with different thickness reduction. 

 
Fig. 8. Fatigue crack propagation rate versus stress intensity 

factor range. 

 

 

Fig. 9. Trend lines of region II of (da dN-ΔK ) curve. 

 

In the regions II, the relationship between fatigue 

crack propagation rate ( da dN ) and stress intensity 

factor range ( ΔK ) were linear regime in logarithmic 

scale and the trend lines of regions II are presented in 

Fig. 9. The Paris law relation, i.e. 
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nda dN = C(ΔK) could be applied in the region II. 

Where C and n are constant base on experiments. 

Paris constant are presented in  

. The n value of as received AA 5052 aluminum alloy 

was approximately 3 whereas 30% and 45% of CR 

were increased C value but the values of n were 

lowered. As seen in Fig. 9, the fatigue crack 

propagation rate of 45% CR was higher than those of 

samples at all values of stress intensity factor range (

ΔK ). As our experimental results, the cold rolled 
samples were enhanced of C values but declined n 

values. 

 

Materials C n 

As received 

material 

9.1233E-

15 

2.7131 

15% of CR 3.5465E-

13 

2.2442 

30% of CR 2.2140E-

13 

2.1158 

45% of CR 9.7364E-

11 

1.3155 

Table 2. Paris constants 

 

IV. CONCLUSIONS 

 

The effect of cold rolling on microstructure, tensile 
properties and fatigue crack propagation of AA 5052 

aluminum alloy was investigated and major 

conclusions are as follows: 

 

1.  The grans size of cold rolled specimens in 

longitudinal direction were decreased with increasing 

the percentage of thickness reduction. The grain 

boundaries were more susceptible to finer when 

thickness reduction was increased. However, the 

grains of cold rolled in long transverse direction are 

elongated along the rolling direction. 

 
2.  The ultimate tensile strength (UTS) and 

yield strength (YS) were enhanced with the 

enhancement of the percentage of thickness 

reduction, whereas the ductility was reduced. The 

highest value of UTS reached to 285 MPa and the 

lowest value of elongation reduced to 9.93% when 

the thickness reduction was increased to 45%. 

 

3.  Fatigue life of AA 5052 aluminum alloy was 

reduced when the percentage of thickness reduction 

was enhanced. The highest thickness reduction is the 
lowest fatigue life. On the other hand, the fatigue 

crack propagation of AA 5052 aluminum alloy was 

increased with increasing the percentage of thickness 

reduction. The 45% of cold rolled exhibited the 

highest fatigue crack propagation rate. Moreover, the 

various gain structure of alloys leads to the different 

of fatigue crack propagation rate. 
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