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first one is compressive residual stress and the
second one is change of crack orientation. These
effects are increase as the crack became shorter.
[3-9].
Aluminium alloy 2017-T4 has been used
widely in many applications transportation,
construction and industrial, improving fatigue life
for this alloy using new method promising to
improve the strength of this alloy especially when
it has been used in some Al alloy. Investigation
has been down on the application of the ultrasonic
impact treatment on spokes of cast Al
(AlSi11Mg) wheel and its influence under loading
[10]. It has found improving in mechanical
porosity and hardness. The method ultrasonic
impact treatment makes a compressive residual
stresses at the surface. Both treated and untreated
spokes under constant and variable fatigue
loading were tested, the fatigue strength increased
significantly compared to the untreated spokes
under constant and variable amplitude bending
loading. The UIT-technology promises for
improving of the structural strength and saving of
metal in the production of cast Al wheels.
(UIT) have been used on 7075-T6511 alloys
which were naturally exfoliated. The Al alloy
specimens were fabricated from C-141 aircraft
upper wing skin panels. Tests were carried out on
specimens using UIT and then fatigue tests for
both treated and untreated specimens. Scanning
electron microscopy (SEM), analyses were
carried out on the fatigue specimens to find the
crack nucleating.
The results suggested that the method of
ultrasonic impact treatment had a large effect to
extend the fatigue lives of the naturally exfoliated
7075-T6511. It was found the UIT changed the
crack nucleating mechanism, which then resulted
in a much longer fatigue life [11]. For the
severely corrosion specimen, the UIT improved
the fatigue life a little, the crack still nucleated
from intergranular cracking, which could not be
removed by the UIT method.
The aim of this study is improving the fatigue
life for Aluminium 2017-T4 after treated by an
ultrasonic impact treatment (UIT) which raised
mechanical properties resulting in improving the
fatigue performance.

Abstract
Improving fatigue life is one of the most
important issues in mechanical design; an
investigation has been conducted on Al 2017-T4.
Group of samples have been machined and
prepared, some of specimens have been treated
using the ultrasonic impact treatment (UIT) with
one line peening. The fatigue tests were carried
out under constant and variable amplitude (R=-1)
at ambient temperature, in order to find out the
fatigue life S-N curve and strength after
treatment. It has been found significant increasing
in strength after it was treated by (UIT). The
fatigue strength is improved after treatment up to
4.16% at 107 cycles, enhancement are present
with 24% and 18.78% for the cumulative fatigue
lives low-high and high–low respectively. These
results also show a strong tendency of increasing
of fatigue strength after application of (UIT) with
increase in mechanical properties of material
used.

Keywords: constant fatigue, cumulative fatigue,
Aluminium alloy 2017-T4, ultrasonic impact
treatment (UIT).

1

Introduction

There are many conventional methods to treat
surfaces from the tension residual stresses, like
grinding, polishing, shot peening and spot shot
peening methods, helps to remove residual
stresses which are exist in manufacturing
processes. A method call ultrasonic impact
peening treatment (UIT) has been used to treat
surfaces from stress concentration efficiently with
less consuming time and cost. UIT method can
improve the fatigue life and strength, hardness,
corrosion and wear resistance as well [1].
This process able to change the residual
tension stress to the compressive residual stress,
make the surface cracks less deep, and be able to
change the grain boundaries orientation on the
surface which can increase fatigue life and
strength[2].
UIT has been used with metals like,
Aluminium, steel, bronze and iron. Many papers
deal with this treatment for steel especially in
welled joint, it has found improving in fatigue life
and strength because of two important factors the
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2 Experimental work
The metal used for the present work is 2017T4 Al alloy. Table (1) gives the chemical
composition in wt%.
Table 1: chemical composition of 2017-T4 Al
alloy examined at state company for standard and
measured in wt. %.
Elements
wt.%

Figure 1: The dimensions of the sample in mm
due to (DIN 50113) standard values [12].

othe
Cr Zn Cu Si Ti Mn Mg Fe
Al
rs
0.4- 0.8

Max 0.7

0.15

Balance

0.66

0.72

0.45

--

Balance

3.85

0.4-1

0.17

0.08

3.5-4.5

0.46

Max 0.25

0.1

0.2-0.8

Max 0.1

Experimental

Max0.15

Standard
[12]

The testing is tension compression stress cycles
(R=-1) with different level of stresses. Test
frequency is 23.34 Hz. The fatigue testing was
stopped automatically after failure occurred and
the number of cycles was recorded. The applied
rotating bending stress was calculated using the
equation

The mechanical properties of 2017-T4 Al
alloy are compared with Ref [12] are summarized
in table (2).

σbending (MPa) =

Hardness
HB

Standard
Experimental

105
112

I

……..(1)

Where M is the bending moment subjected to the
minimum diameter of the specimen (6.4 mm)
which is equal to P*L where P is applied force in
Newton and L is the force arm which is equal to

Table 2: mechanical properties of 2017-T4 Al
alloy tested compared with the standard
2017-T4 Al
alloy
properties

My

Yield Modules
Strength
stress
of
σu
elasticity
σy
(MPa)
(MPa) (GPa)
427
276
72.4
432
252
78

πd4

125.7 mm. I is the second moment of inertia =
64
. Equation (1) can be written after substituting I,
y=d/2 and M as
σ(MPa) =

2.1 Fatigue testing specimen:
It has been used programmable CNC lathing
machine for machining fatigue specimens. A
good surface finish has been done in order to
reduce the tensile residual stresses. The surface of
all specimens were prepared by grinding with
silicon carbide papers (different numbers), then
polishing them using three different diamond laps,
course 3/2 micron, fine 1 micron and extra-fine
1/4 micron. Finally it was carefully cleaned the
specimens, numbered and tested for measuring
the roughness of selected specimens as presented
in table (3). All the machining processes were
carried at the University of Technology, Material
Engineering Department.

σ(MPa) =

125.7P∗d/2
πd4
64

1280.37P(N)
d3 (mm3 )

……….(2)

………….(3)

Fig. (2) Shows the fatigue test machine.

Figure 2: Fatigue test device.
Table 3: surface roughness results of selected
specimens.
Surface
Surface
Specimens
roughness (Ra roughness (Rt
No
µm)
µm)
1
0.85
1.8
3
0.92
2
5
1.07
1.66
7
1.2
2.1
9
1.08
2.2
11
1.1
2.3
13
1.2
2.08
15
0.97
1.88

2.2

Ultrasonic pre
treatment machine:

stressing

force

Ultrasonic impact treatment (UIT) machine is
used for improving the surface properties. The
principles is to use of high power ultrasonic drive
impact tools more than twenty thousand times per
second frequency impact metal surface, due to the
high frequency ultrasound, efficient, and focus on
the big energy, make the metal surface produces a
larger plastic deformation pressure. Ultrasonic
wave has changed the original stress field at the
same time, have a certain value of compressive
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stress. The time of ultrasonic peening for each
specimen was applied for 35 sec (one line). All
the fatigue tests were done at the university of
Technology
Electromechanical
Engineering
Department.
Main technical parameters
Applicable materials: Aluminium alloy, low
carbon steel, high carbon steel, etc.
Power supply: 220V, 50Hz, 5 A. (AC)
Operation frequency: 20 kHz (output frequency)
Maximum power: 500 W (output power)
Adjustable (10%-100%)
Size of gun: length 450 mm
Gun weight: 4kg

3
3.1

Results and Discussion
Constant fatigue results

Two groups of testing were examined under
constant fatigue stress of R (Stress ratio)=-1 and
room temperature (RT). The purpose of testing
was to establish the S-N curves for both cases,
without peening and with one line ultrasonic
impact peening treatment (UIT). The results are
listed in table (4) and plotted in fig (4).
Fig(4) describes the results obtained from
constant stress amplitude tests at room
temperature under stress control condition and
zero mean stress with and without ultrasonic
peening treatment (UIT).
The bending stress was calculated from the
bending moment using the relation
σb(MPa) = 125.7 ∗ 32P(N)/πd3
Where P is the applied load (N) and the arm of
the force is equal to 125.7 mm and d is the
minimum diameter of the specimen in mm. It is
observed that the fatigue life of (UIT) specimen is
improved compared to unpeened specimen.
Table 4: S-N curve results of Al 2017-T4 without
and with ultrasonic impact peening.
Al alloy 2017-T4
Specimen
No.
1 2 3
4 5 6
7 8 9
10 11 12
13 14 15

Applied
stress(MPa)
300
270
210
180
150

Nf cycles
11500
16000
18000
28000
32000
29600
242000 210000 198000
360000 330000 370000
1.28*106 1.41*106 1.09*106

Al alloy 2017-T4 Ultrasonic peening
Specimen
No.
16 17 18
19 20 21
22 23 24
25 26 27
28 29 30

Figure 3: Shows the UIT device.

Applied
stress(MPa)
300
270
210
180
150

Nf cycles
18000
44000
280000
3.9*105
1.6*106

22000
35000
255000
3.8*105
1.9*106

Fatigue stress at failure σf (MPa)

350
Without treatment

300
250

σf = 1732Nf-0.158
R² = 0.9903

200
150

σf = 1610Nf-0.156
R² = 0.9891

100
50
0

1000000

2000000

3000000

Number of cycles to failure (Nf)
Figure.4: S-N curves for both untreated and treated with ultrasonic peened.
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From table (4), the best fit equation which
accurately describes the behaviour of the metal
and the Basquin formula which can be written in
the form.

IF =

h
h
h ∑h
i=1 log σfi logNfi −∑i=1 logσfi ∑i= logNfi
h
2
h ∑h
i=1(logNfi ) −�∑i=1 logNfi �

And

∑h

logσ −b ∑h

2

Nfun−peened

∗ 100………….(4)

Table 5: Basquin equations with correlation
factor for metal and composite.
Improvement
2017-T4 Al
2017-T4 Al factor (IF) for
without
with (UIT)
fatigue
treatment
method
endurance
limit

σf = aNfb …………..(4)
Where a, b are material constants. These constants
can be obtained by the equations
b=

NfUIT −Nfun−peened

…….(5)

σ
σf = 1610Nf−0.156 f
−0.158
= 1732N0.9903
2
R = 0.9891 MPa
R2 = 0.9903
σEL = 130 MPa at σEL = 136 MPa
107 cycles
at 107 cycles

logN

fi
fi
i=1
log a = i=1
…………(6)
h
Where h is the number of test specimens
Table (5) presents the results for both cases
without and with treatment, by applying the data
in table (4) using the above equations,
experimental and the Basquin equations with their
correlation coefficients (R2) and the endurance
limits of fatigue are shown.
The IF was calculated using the equation

4.16

3.2 Cumulative fatigue results:
Cumulative fatigue tests were carried out at
the same conditions for S-N curve i-e room
temperature (RT) and stress ratio (R=-1).
Table (6) gives the experimental results
obtained for unpeened and ultrasonic peened.

Table 6: cumulative fatigue results for unpeened and ultrasonic peened.
Specimen
No

Loading Unpeened
Ultrasonic peened
sequences 2017-T4
for 2017-T4
(MPa)
Al.

31
32
33

200-250

64000
52600
60000

82000
71000
66000

34
35
35

200-250

40000
38600
46000

52000
46000
50000

Loading programme

The ultrasonic impact peening (UIT) process
generates a number of positive effects in metals
and alloys. The main effect is to increase the
strength of materials to surface related failures,
example fatigue and corrosion. The results of UIT
on fatigue testing observed that the above
technique is the most efficient for improving the
fatigue life and strength of welded parts [13]. The
enhancement in fatigue strength and life by(UIT)
is achieved mainly by reducing the tensile stresses
and increasing the compressive residual stresses
at the metal surface. The (UIT) treatment provides
good fatigue characteristics in comparison with

The improvement in cumulative fatigue lives
can be seen in table (7).
Table 7: shows the improvement factor (IF) for
cumulative fatigue live.
Loading
Nf average
Nf
IF
sequences unpeened
average
(MPa)
(UIT)
200-250
58867
73000
24%
250-200
41533
49333
18.78%

144

NJES Vol.21 No.1, 2018

Alalkawi et al., pp.141-146

shot peening and hammer peening [14]. For the
present results, the endurance fatigue limit is
improved by 4.16% compared to un-peened and
the cumulative fatigue lives were enhanced by
24% and 18.78% for low-high and high-low
loading respectively. This related to the beneficial
effect of UIT which is achieved mainly by
reliving of tensile residual stress and introducing
of compressive residual stresses into the layers of
surface of the metal. The other reason is
increasing the mechanical properties of specimens
treated by (UIT) [15].
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4 Conclusions
1. The constant fatigue properties are
considerably improved by (UIT) technique. The
fatigue strength at 107 cycles is improved by
4.16% due to ultrasonic impact peening
specimen surfaces.
2. The (UIT) technique is found as suitable
method for hardening the surface of metals.
3. The (UIT) method showed improved the
cumulative fatigue properties such fatigue life is
enhanced by 24% and 18.78% for low-high and
high-low in comparison with unpeened
specimens.
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اﻟﺗﺣﻘق ﻣن ﺗﺎﺗﯾر اﻟﻣﻌﺎﻟﺟﺔ ﺑﺎﻟﻣوﺟﺎت ﻓوق اﻟﺻوﺗﯾﺔ ) (UITﻋﻠﻰ ﻋﻣر اﻟﻛﻼل ﻟﺳﺑﯾﻛﺔ
اﻻﻟﻣﻧﯾوم 2017-T4
ﺣﺳﯾن ﺟﺎﺳم ﻣﺣﻣد اﻟﻌﻠﻛﺎوي
ﻗﺳم ھﻧدﺳﺔ اﻟﻛﮭروﻣﯾﻛﺎﻧﯾك
اﻟﺟﺎﻣﻌﺔ اﻟﺗﻛﻧوﻟوﺟﯾﺔ

اﺳﯾل ﻋﺑداﻟﺑﺎﻗﻲ اﻟﺣﻣداﻧﻲ
ﻗﺳم ھﻧدﺳﺔ اﻟﻛﮭروﻣﯾﻛﺎﻧﯾك
اﻟﺟﺎﻣﻌﺔ اﻟﺗﻛﻧوﻟوﺟﯾﺔ

ﻣﺎرب رﺿﺎ ﻋﺑد اﻟﺣﺳن

ﻗﺳم ھﻧدﺳﺔ اﻟﻛﮭروﻣﯾﻛﺎﻧﯾك
اﻟﺟﺎﻣﻌﺔ اﻟﺗﻛﻧوﻟوﺟﯾﺔ

اﻟﺧﻼﺻﺔ

واﺣدة ﻣن اھم اﻻﻣور ﻓﻲ اﻟﺗﺻﺎﻣﯾم اﻟﻣﯾﻛﺎﻧﯾﻛﯾﺔ ھﻲ ﺗﺣﺳﯾن اﻋﻣﺎر اﻟﻛﻼل  .ﺗم دراﺳﺔ ﺳﺑﯾﻛﺔ اﻻﻟﻣﻧﯾوم ) .(2017-T4ﺣﯾث ﺗم ﺗﺣﺿﯾر
ﻣﺟﻣوﻋﺔ ﻣن اﻟﻧﻣﺎذج .ﺑﻌض ھذه اﻟﻧﻣﺎذج ﺗم ﻣﻌﺎﻣﻠﺗﮭﺎ ﺑﺎﻟﺻدم ﺑﺎﻟﻣوﺟﺎت ﻓوق اﻟﺻوﺗﯾﺔ) (UITﺑﺧط ﺗﺻﻠﯾد واﺣد  .ﺗم اﻧﺟﺎز ﻓﺣوﺻﺎت اﻟﻛﻼل
ﺛﺎﺑﺗﺔ وﻣﺗﻐﯾرة اﻟﺳﻌﺔ ﻋﻧدة ﻧﺳﺑﺔ اﺟﮭﺎد  R=-1ودرﺟﺔ ﺣرارة اﻟﻣﺧﺗﺑر ﻟﻐرض اﺳﺗﺧراج ﻣﻧﺣﻧﻲ S-Nوﻣﻌرﻓﺔ ﻣﻘﺎوﻣﺔ اﻟﻛﻼل ﺑﻌد ﻋﻣﻠﯾﺔ
اﻟﺗﺻﻠﯾد .ﺗم اﯾﺟﺎد زﯾﺎدة ﻣؤﺛرة ﻓﻲ ﻣﻘﺎوﻣﺔ اﻟﻛﻼل ﺑﻌد ﻋﻣﻠﯾﺔ اﻟﻣﻌﺎﻟﺟﺔ ب ) (UITﺣﯾث ازدادت ﻣﻘﺎوﻣﺔ اﻟﻛﻼل ﺑﻌد اﻟﻣﻌﺎﻣﻠﺔ ﻟﺣد  %4.16ﻋﻧد
7
ﻋدد دورات  . 10ﺑﯾﻧﻣﺎ اﻟﺗﺣﺳﯾن ظﮭر ﻓﻲ اﻟﻛﻼل اﻟﺗراﻛﻣﻲ ﺑﻣﻘدار %24و %18.78ﻻﻋﻣﺎر اﻟﻛﻼل اﻟﺗراﻛﻣﻲ ﻓﻲ ﺣﺎﻟﺗﻲ اﻻﺟﮭﺎد اﻟواطﻲء -
اﻟﻌﺎﻟﻲ واﻟﻌﺎﻟﻲ–اﻟواطﻲ ﻋﻠﻰ اﻟﺗواﻟﻲ ،ﻛذﻟك اﯾﺿﺎ اﻟﻧﺗﺎﺋﺞ اﻋﻼه اوﺿﺣت ﻣﯾﻼ ﻧﺣوزﯾﺎدة ﻣﻘﺎوﻣﺔ اﻟﻛﻼل ﺑﻌد ﺗطﺑﯾق ) (UITﻣﻊ زﯾﺎدة ﻓﻲ
اﻟﻣواﺻﻔﺎت اﻟﻣﯾﻛﺎﻧﯾﻛﯾﺔ ﻟﻠﻣﺎدة اﻟﻣﺳﺗﺧدﻣﺔ.

اﻟﻛﻠﻣﺎت اﻟﻣرﺷدة:

اﻟﺻوﺗﯾﺔ

اﻟﻛﻼل ﺛﺎﺑت اﻟﺳﻌﺔ،اﻟﻛﻼل اﻟﺗراﻛﻣﻲ .ﺳﺑﯾﻛﺔ اﻻﻟﻣﻧﯾوم ، 2017-T4اﻟﻣﻌﺎﻣﻠﺔ اﻟﺳطﺣﯾﺔ ﺑواﺳطﺔ اﻟﺻدم ﺑﺎﻟﻣوﺟﺎت ﻓوق
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