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ABSTRACT 
Background: Enhancement of material surfaces has become an integral part of industrial operations; this is to improve the 
mechanical and metallurgical properties such as fatigue life, corrosion resistance, and wear and erosion resistance. This paper 
presents a treatment of the surface of aluminum alloy AA7075 by ultrasonic impact peening and laser shock peening for the sake 
of testing the specimens under fatigue loading, the specimens were flat with thickness of 3 mm. The alloy was tested in room 
temperature with fatigue rate equals to R= -1.  Objective: To investigate the effect of ultrasonic impact peening and laser shock 
peening on the fatigue life improvement of the specimens made of 7075 aluminum alloy. Results: Aluminum alloy properties were 
improved by ultrasonic impact treatment and laser shock peening. The results showed that both techniques are good to re-
establish or extend the life of component, especially on high cycle fatigue. Comparing the results of these techniques shows that 
the laser shock peening is superior on improving the fatigue life at the high cycle fatigue as compared with the specimens treated 
using ultrasonic impact peening. And the results of Vickers hardness test for laser shock peening, ultrasonic peening and unpeened 
specimens is 165.2HV30, 141.6HV30 and 134.6HV30, respectively indicated a considerable enhancement in the hardness 
property. Conclusion: Laser shock peening and ultrasonic impact peening are great techniques to extend the life of component and 
other welded structures. The best treatment is obtained using laser shock peening, this approach is clean, easy-to-use and very 
effective tool to increase fatigue life, nonetheless this approach is cost-effective. 
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INTRODUCTION 

 

Ultrasonic impact treatment (UIT) is a method utilized for enhancing the fatigue strength of  the fabricated  

structure and a welded joints. This method constructs utilization of ultrasonic pulsation to shock with plastically 

distort the handled surface, hence making a significant change of the microstructure, porosity and hardness [1]. 

The plastic deformations consequently produce compressive residual stresses at the surface, which will be the 

major source for the enhancement of fatigue potency [1]. UIT considered a novel and promising procedures 

designed for fatigue life enhancement of connected components and assembled structures [2]. In the majority 

modern appliances, this procedure is otherwise called ultrasonic peening (UP) [3-4]. The useful impact of 

(UIT/UP) is accomplished generally by alleviating of unsafe tensile residual stresses with commencing of 

compressive remaining stresses on top of exterior surface layers of substances,  diminishing of stress fixation 

within treated  zones and improvement the mechanical properties of the handled surface of the substance. The 

fatigue investigation of treated specimens demonstrated that the (UP) is mainly proficient change treatment 

when put side by side  with the conventional systems as heat treatment, hammer peening, shot peening 
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[5].Further peening methods, e.g. hammer as well as needle peening, work at comparatively low frequencies, 

characteristically in the span 50 to 100 Hz, reasoning the apparatus to progress in an unsteady behavior, and 

requiring a grand attempt to remain the instrument aligned on the  handled surface. The elevated altitudes of 

vibration and sound take steps the peening techniques restless, and delayed use may create health risks to the 

worker, comparable to other tools with elevated vibration levels. In contrast the UIT technique is activated at a 

very high frequency, around 27 kHz, with the sound and vibration are greatly lesser. The simplicity of utilizing 

of the UIT technique may generate significant benefits in terms of superiority of the treatment compared with 

the usual peening methods. Throughout the  distinctive phases of its improvement, the ultrasonic process was 

otherwise called Ultrasonic Treatment (UT), Ultrasonic Impact Technique/Treatment. (UIT) and ultrasonic 

impact peening.(UIP). The district .industries where the UIP was connected effectively comprise: Railway and 

Bridges, Construction gadget, Mining, Shipbuilding, Automotive and Aerospace. 

UIT is generally utilized as a part of creation, support and mend of welded material structures as well as 

hardening the surfaces of metals [6] and gives the accompanying: (a) production of great compressive remaining 

stress in the treated surface; (b) decrease in remaining tensile stresses within a welded joint and assembled 

structures and (c) decrease in exterior stress concentration throughout the construction of constant motion at the 

weld toe because of ultrasonic plastic deformation. A schematic diagram of ultrasonic machine is depicted in 

Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Schematic diagram of ultrasonic machine 

 

The financially savvy benefits due to decreased maintenance as a result of the ultrasonic peening handling 

include: 

 prevention of extended plan for frequent structures repairs 

 prevention of extended and unscheduled functional disruptions 

 raised structural safety during its remaining service life 

 

And alluding to Laser shock peening (LSP), it is an inventive surface treatment method which makes 

compressive remaining stresses close to the surface, in this way created fatigue show of metallic elements [7, 8]. 

The life span and fatigue strength of a metallic substance can upgrade surprisingly after LSP as a result of the 

occurrence of compressive residual stresses in the substance [7, 9]. It is incited by LSP that enhances the 

mechanical features of the substance, and moreover fatigue strength, hardness, and stress corrosion split 

resistance. Also, the LSP technique is unpolluted and efficient finishing for surface roughness. 

The surface of the workpiece in the LSP method is influenced by stun waves produced by a plasma 

intermediate. To create this plasma, as exposed in Fig 2, the exterior surface of the piece is cover up with a 

slight laser absorbent covering layer (which has 30 – 40 mm depth and generally of marketable black paint) 

[10], which is able to absorb the majority of the laser energy utilized in the method. One more layer of a 

transparent substance, frequently water, named confining layer, pour on top of the workpiece. 

The main objective of this study is to investigate the effect of ultrasonic impact peening and laser shock 

peening on the fatigue life improvement of specimens made of 7075 aluminum alloy. 
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Fig. 2: Schematic diagram of laser shock peening treatment 

 

Experimental work: 

 

The substance of the test is an aluminum alloy of 7075, regular uses for this alloy, airplane structural 

components and other extremely stressed structural appliances where very elevated strength and high-quality 

resistance to corrosion are necessitated. The profile and measurements of the samples as per (DIN 50133) 

standard determination are appeared in figure (3). 

 

 
Fig. 3: Geometry of fatigue specimens, dimensions in millimeter according to DIN 50133. 

 

The examinations were conducted at the (State Company for Inspection and Engineering Rehabilitation) 

SIER- Baghdad.  Tables 1 and 2, respectively revealed the chemical composition and the mechanical properties 

of 7075 AL alloy.  

 
Table 1: Chemical composition of AL- alloy 7075, wt % with standard [ASTM]. 

 Zinc Titanium silicon Manganese 

Standard 6.1 max 0.2 max 0.4 max 2.9 max 

Measured 5.52 0.028 0.26 0.11 

 Iron Copper Chromium Magnesium 

Standard 0.5 max 1.2-2 0.28 max 2.1-2.9 

Measured 0.24 1.82 0.183 2.15 

 

Table 2: The average mechanical properties of three specimens of AL- alloy 7075. 

Property Measured Standard 

Ultimate stress 530MPa 502MPa 

Yield stress 496 MPa 406 MPa 

Fatigue strength 206 MPa 156 MPa 

Modulus of elasticity 75.6 GPa 74 GPa 

Poisson's ratio 0.32 0.33 

Elongations % 14.6 16 

 

1.1 Ultrasonic Technique: 

The effective frequency rate of the ultrasonic maker was 20000 Hz as per the producer's procedure record. 

The ultrasonic device contains indenters consisting of four 3 mm diameter pins, fixed in a single container fig 

(4). The handling was held in short passes. Single passes over the face of specimen, mechanical assembly 
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velocity of 0.25 m / min were completed at a picky location to make sure a smooth steady profile contact. The 

power of the handling was restricted by setting the rank of output power variety on control box. 

A fitting function of the device was ensured through the electronic screen on the control box, which 

designated to the working amplitude of the utilized indenters, and was managed at.30-35 μm. The sufficiency of 

the handling was make certain by implemented working procedures constantly and by visual examination of the 

treated outside face at 50X magnification. 

A well-treated  marked a burnished uniform track on surface, symptoms of plastic deformation and extreme 

cold working with configuration of metal flake were shown. This process could be completed using heavy load 

pressing machines, especially for wide surface of alloy. For finishing up, or when a deformation is observed 

after a machining or a heat treatment, to achieve with precision the hardening of a part by fitting it to the jig, the 

most familiar instrument is a simple peen hammer. Utilizing such an instrument infers a long technique time, 

and could motive musculo-skeleton diseases for the workers. 

 

 
Fig. 4: Ultrasonic peening gadget type HC-S-1 

 

Technological specifications of  ultrasonic electrical device: 

- Made : China (Mainland), Trade name  : HC 

- Model Number : HC-S-1, Frequency : 20000 HZ, Voltage: 220v, Power: 500 W 

- Type : Portable length of gun: 450 mm, System weight  : 15kg, Figure of gun: needle.  

- Working mode  : Impact the surface metals and welding. 

 

Laser Shock Peening Technique: 

The power of the laser is concentrated on the surface of the alloy by different manners to increase the 

absorption. The most ideal approach to build this power with water as a confinement layer is when a black tape 

is utilized on the surface of the alloy. In this research,  a new technique was utilized  by means of Hydrofluoric 

acid (HF) to raise the power of the laser that affected on the 7075 alloy, and to avert reaction flanked by the 

alloy and the acid, an exceptionally thin 100 µm sheet from nylon wrap the surface of the specimens, and then 

dispense acid (HF) with (1-2) mm in depth  over the specimens, precisely on the decreased section of the 

specimen, as shown in figure (5), which demonstrates the specimen with black tape and thin layer of acid. 

Preceding to the laser handling, the specimen surface was smoothened with 200 emery paper to grant Ra 

(average roughness) about 0.6 µm. In this study, black tape used and  a very slender layer of nylon with HF acid 

were used to increase the vitality retention of laser. 

A laser gadget was utilized as a part of this work (Q- switched neodymium YAG laser) for laser peening 

having the accompanying properties: Pulse term is 7 nano seconds, Laser wavelength is around 1.065 µm, the 

laser spot is regularly (5) mm in diameter and Pulse vitality is 300 mJ. 
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Fig. 5: Sample applied under laser power 

 

Hardness Test:  

Hardness is the property of a material that empowers it to be against plastic deformation, for the most part 

by penetration. In any case, the term hardness may likewise allude resistance to bending, scratching, scraped 

spot or cutting. At the position when the distance corner to corner of the breach has been resolved the Vickers 

hardness might be determined from the equation, yet is more advantageous to employ computerized device. The 

advantages of the Vickers hardness inspection are that exceptionally accurate readings be able to be taken, and 

just one type of indenter is used for all kinds of material and surface handling. So, In this research, we used 

Vickers Hardness test. 

 

Vickers Hardness Test:  

The Vickers hardness examination approach comprises of indenting the check material with a diamond  

indenter, as a correct pyramid with a quadrangle base with an edge of 136 degrees between opposite confronts 

subjected to a load of 30 kgf. The applied load is typically connected for 10 to.15 seconds. The double diagonals 

of the breach left in the surface of the material subsequent to expulsion of the load are calculated utilizing a 

microscope and their normal computed. The zone of the inclining surface of the space is determined. The 

Vickers hardness is the remainder obtained by separating the kgf load by the square mm area of space. The 

results of Vickers hardness tests are summarized in Table 3 as follows: 

 
Table 3: Vickers hardness tests results of the Al- alloy 7075 tested specimens. 

Untreated Specimens Ultrasonic Impact Peening Laser Shock Peening 

134.6HV30 141.6HV30 165.2HV30 

 

Fatigue testing machine:  

To implement all fatigue tests, a fatigue testing machine of sort (AVERY 7305) plane bending was utilized, 

with a constant amplitude, plane bending fatigue tests were performed at room temperature (25˚C) under stress 

ratio (R = -1). The experimental rig has a property of a mechanical counter used to ascertain the quantity of 

cycle of stress. Figure (6) demonstrates the fatigue testing machine. 

 

 
Fig. 6: Fatigue bending machine type (AVERY 7305). 
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RESULTS AND DISCUSSIONS 

 

The whole of testing was completed under constant amplitude with repeated load from fatigue testing 

device. The affected stress ratio was R= -1, with test recurrence 23.33 Hz and with variable loads.  

 

S-N Schemes:  

Fatigue lives against the average accepted nominal stress range data designed for the treated specimens and 

unpeened specimens are schemed to get the S-N curves which are appeared in Fig 7. These curves comprise of 

five levels of stress with three recordings for each level. Test results demonstrate that every point of interest 

treated  at high cycle fatigue region by UP and LSP accomplished significant improvement in life and strength. 

Three curves for three cases can be drawn in the S – N curves for shock laser with acid, ultrasonic impact 

treatment and unpeened alloy and can be formulated by the equations,                   

бƒ =  890×Nƒ 
- 0.162 , бƒ = 924.2×Nƒ 

- 0.168 , бƒ = 870×Nƒ 
- 0.159 , 

 respectively. 

 

 

.  

Nƒ (Number of cycles to failure x103) 

 

Fig. 7: S-N curves at constant load for unpeened and ultrasonic peening and laser shock peening. 

 

The comparison of fatigue life improvement in Fig 7 demonstrates that the fatigue tests comes for laser 

shock peening and ultrasonic peening treated 7075 aluminum alloy specimens are expanded the fatigue life 

because of  making hardened surface and compressive residual stresses. All comparisons present that the fatigue 

life for laser shock peening method is superior to ultrasonic impact treatment.  

This manner is in agreement with what concluded experimentally [11], that advantages of LSP over 

conventional peening comprise increased control in applying the method, and deeper penetration of the 

compressive residual stress field into the surface. And for ultrasonic peening, the outcome is in a good 

conformity with what was found when 2017-T3 aluminum alloy under one, two, and three line of ultrasonic 

peening with rotating bending fatigue, an analyst found that the fatigue lives and strength of this alloy are 

appreciably enhanced because of one line ultrasonic peening for constant and cumulative fatigue testing [12]. 

 Furthermore, the accompanying perspectives can specify the followings for the laser shock peening 

approach for treatment. 

 

 Considerable upgrade of fatigue life  

 Generally multiplying of the fatigue strength for the high cycle fatigue.  

 Possibility of material investment funds (weight)  

 Enhancing the accessibility of equipment and/or structures  

 Growing surface hardness  

 Avoidance of stress-corrosion cracking  

 

Furthermore, and referring  to ultrasonic method, the usefulness of this methods can be listed as following: 

 No requirement for masking and packing 

 Straightening of the part directly on the jig 

 Reduced need of surface finish operations 

Unpeeneed  

Stress at 

failure, 

бƒ (MPa)  

 

Ultrasonic 

peening 

Laser shock peening 



165         Dr. Shaker S. Hassan et al., 2017/Advances in Natural and Applied Sciences. 11(9) July 2017, Pages: 159-165 

 

 Fast compatible and versatile end-pieces 

 Ergonomic plan for an agreeable utilize 

 No danger of harming your parts 

 Several designs of peening heads are accessible for the ideal treatment of scarcely got to geometries. 

 

Conclusion:  

Laser shock peening and ultrasonic treatment are great techniques to re-establish or extend the life of 

component and other welded structures. The best and most cost-effective approach is laser shock peening, which  

hardens the surface of the specimen during the initial fabrication or as a preventative measure before 

degradation becomes too significant. It is clean, easy-to-use and very effective tool to increase fatigue life. 

Testing of results have verified that it gives profound compressive residual stresses and a noteworthy fatigue life 

improvement, used to either draw out the helpful existence of uses or to defend against steadily expanding loads, 

both these treatment peening are a financially savvy technique to increase the safety of our aging infrastructures.  

For future work, a study for these techniques could be utilized to gain a curvature shape due to a 

compressive residual stress which it initiated on the surface of aluminum alloys for  less 10 millimeter thickness 

and with a surface get in touch with to 1 meter of an area for various aluminum alloy. Also  a study may be 

comprise applied sequence of loads such as H.L.H or L.H.L or even randomly loads which is utilized to estimate 

the cumulative fatigue damage.  
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