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composites, surface coatings and microstructural alteration. Within the show ponder, ZE41 

Mg combination has been treated by LASER stun peening prepare to attain grain 

refinement. At that point the impact of adjusted microstructure on mechanical properties 

will be dissected by hardness, malleable test. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Overview: 

ZE41 a Magnesium alloy a steel-based alloy recently proposed for automobile, 

aerospace and industrial application and widely used in all the major industries in the 

world where reduction of weight is important, ZE41 proposed as the substitution for 

aluminum in automobile and aerospace industries. 

 

 ZE41 possesses a very low density, high castability as it suited for high integrity 

casting high weldability and high specific strength, and possesses a great physical 

property and has all the required qualities to replace aluminum [3] 

 

1.2 Manufacturing Process: 

Using conventional method ZE41 is formed by casting process. Heat treated from 177-

343°C for 10 to 16 hours, followed by water quenching and welded by TGI process 

with filler rod  

 

1.3 Drawbacks: 

Despite of having good usage in industries and adaptability, the main drawback is 

uncontrolled corrosion of Mg alloy and physical properties in compared with 

aluminium alloy, which can be addressed by various method such as alloying, 

developing composites, surface coating and microstructural modification. 

 

1.4 Motivation: 

As there are enormous usage of aluminium in the industries it will be an interesting 

task to find a better replacement and make it accessible to all kind of industries and 

finding the better way to eradicate the common physical problems faced in automobiles 

due to aluminium. 
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CHAPTER 2 

OBJECTIVE 

 

Firstly, the main objective is to increase the tensile properties of ZE41 by adapting required 

methodology by increasing residual and microstructure refinement. 

Adapting required methodology to increase the compressibility stress of the microstructure 

and thereby increasing the hardness of the ZE41 and comparing with the base metal 

configuration.  

And concluding with microstructure analysis with Scanning Electron Microscope (SEM) 

and comparing with the base metal configuration, and providing the final result based on 

the observations made. 
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CHAPTER 3  

METHODOLOGY 

3.1  Metal Cutting: 

ZE41 a delicate steel-based metal used in aerospace application need a careful 

consideration when cutting into desired shape for further testing, after considering 

many cutting technologies the Electric Discharge Machining (EDM) with iridium 

wire is used for cutting. This method is also commonly known as Electro Discharge 

erosion. 

 

The workpiece is immersed in dielectric fluid, the tool acts as cathode and the 

workpiece acts as anode, both the electrodes is immersed in the dielectric fluid. 

The electric spark is created between the electrode and workpiece, this evidence the 

flow of electric current. Due to continuous flow of the current heat is developed in 

workpiece which will ranges from 8000 to 1200 degree Celsius and due to the heat 

melting of the surface of workpiece where the electric spark is pointed. 

 

The dielectric fluid of deionized water acts as the coolant and also flushes the eroded 

additional material off the surface. 

 

 

 

 

 

 

 

  

Fig 3.2 ZE41 after cutting Fig 3.1 ZE41 before cutting 
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3.2  LASER Shock Peening: 

LASER Shock Penning is proved to be one of the best surface treatments to improve 

the physical properties of metal by increasing the compressibility strength by increasing 

residual strength and grain refinement and microstructure modification. 

LASER Shock Penning uses a high energy LASER beam hits the metal surface, the 

plasma waves apply pressure to the metal surface then alter the microstructure shaping 

and arrangement. 

 

Due to the pressure applied the microstructure volume decrease thence increasing the 

compressive residual stress in the microstructure, due to the increase in the volume the 

microstructure pushes the surrounding microstructure grid which is not affected by the 

LASER Shock Peening and thus the surrounding metallic grid adapt to the ena4larged 

volume of the metallic grid.  

 

 

 

The affected area tries to push outwards the grid whereas the not affected grid try to 

recover the original shape, the sum of the opposing forces comprises the total comprises 

residual stress in the metal which helps in improve the physical properties. 

In our case we tend to increase the tensile strength of the specimen by following the 

LASER Shock peening on the marked region in the middle of the tensile specimen with 

the following specification., 

 

 

 

 

 

Fig 3.3 Effect of LASER Shock Peening on Microstructure Grid 
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Table 3.1 LASER Shock Peening specification 

LASER Shot diameter 2 mm 

Energy 3 Joules  

Number of passes Single Pass 

Total Shots 4 

Area 4 mm x 4 mm 

Sides  Both sides 

 

 

 

 

Fig 3.4 LASER Shock Peened area in the Tensile Specimen 

 

3.3  Tensile Testing: 

Tensile test is done to determine the various mechanical properties of the material in 

the universal tensile testing machine under tensile load. The material to be tested is 

hold firmly in the two jaws upper and lower jaws, the former pulls the specimen in 

positive Y direction and the later holds the specimen firmly in the static position. 

The metal deforms and breaks at a position where all the required properties like tensile 

strength, yield strength and elongation are obtained. 

In our cases we tested two tensile specimens in base metal configuration and two 

tensile specimens after LASER Shock Peened configuration, the changes in value are 

discussed in upcoming topic. 

LASER 

Shock Peened 

area (4 shots) 



 
 

 

3.4  Vickers Micro Hardness Testing: 

 

Vickers hardness is also known as micro hardness testing, it uses diamond intender tip 

to make the rhombus indentation and the hardness is calculated using the measurement 

of the diagonal of the rhombus using, 

 

HV = 1.854(F/D2) 

F – Force being applied. 

D – Area of the indentation. 

 

For Vickers hardness testing the specimen need to be polished so the surface will be 

disturbance free to calculate the indentation, for polishing the surface polished using 

different grade sheets and disk polishing is done and mirror finish is obtained and the 

polished surface is tested for hardness in Vickers. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1  Effect of LASER Shock Peening on Tensile Properties: 

Tensile test is done on two tensile specimens in base metal configuration the average 

value of the ultimate force, ultimate stress and percentage of elongation. Tensile test is 

done on two Shock Peened metal and the average results are obtained. 

 

The results are distinguished and discussed below.,  

SI. No: Properties Base metal 
LASER Shock 

Peened 

1. Ultimate Stress 134 MPa 168 MPa 

2. Ultimate Force 587 N 692 N 

3. Elongation 9.85 % 11.8% 

 

 

 

 

 

Table 4.1 Comparison of physical properties of Base metal and LASER Shock 

Peened metal 

Fig 4.1Base metal fractured 

Micro-Tensile Specimen 

 

Fig 4.2 Shock Peened 

fractured Micro-Tensile 

Specimen 
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As comparing Fig 4.1 and 4.2 given above it clearly proves that the LASER Shock 

Peening is effective surface treatment to improve the physical properties of the metal. 

In the base metal configuration, the breakage occurs approximately in middle of the 

specimen whereas in the processed metal the breakage occurs in the area where the 

LASER Shock peening is not done. And also, the Table 4.1 shows that there is 

observable change in the physical properties of LASER Shock Peened metal in 

compared with the base metal. 

This proves that LASER Shock Peening alter the microstructure and increase the 

residual stress by increasing the compressive stress in the metal and provides an 

enormous improvement in the physical properties. 

 

Fig 4.3 Stress - Strain curve and Length - Force curve of Base metal 

configuration of ZE41 

 

Fig 4.4 Stress - Strain curve and Length - Force curve of LASER Shock Peened 

metal configuration of ZE41 
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Fig 4.3 and Fig 4.4 shows the comparison between the base metal and LSP metal in 

stress-strain graph and force-length graph and shows the improvement in the tensile 

stress. 

 

Fig 4.5 Stress – Strain graph comparing base metal and Shock Peened ZE41 

 

Fig 4.5 shows the distribution of the stress and strain comparison between base metal 

and LSP metal,  

 

 

 

Fig 4.6 Bar comparing Ultimate Tensile Stress of base metal and Shock Peened 

ZE41 

Fig 4.6 shows the bar distribution of Ultimate Tensile Stress of base metal and LSP 

metal and it is proved that the LSP metal shows an increased Ultimate Tensile Stress 

in compared with the base metal. 
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Fig 4.7 Bar comparing Ultimate Force of base metal and Shock Peened ZE41 

 

Fig 4.7 shows the bar distribution of Ultimate force of base metal and LSP metal and 

it is proved that the LSP metal shows an increased Ultimate force in compared with 

the base metal. 

 

4.2  Effect of LASER Shock Peening on Hardness: 

Vickers hardness test is done on the polished surface and the result is obtained, 

 

Table 4.2 Comparison of base metal hardness and Shock peened metal 

Base metal Hardness value 65 HV 

LASER Shock Peened Hardness value 78 HV 

 

 

Fig 4.8 Bar comparing hardness of base metal and Shock Peened ZE41 
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Fig 4.8 shows the bar distribution of Hardness of base metal and LSP metal and it is 

proved that the LSP metal shows an increased Hardness in compared with the base 

metal. 

4.3  Effect of LASER Shock Peening on Fracture Region: 

The SEM image of the fracture region of base metal configuration and LASER Shock 

Peened metal during tensile test in various magnification is presented below, 

 

    

 

   

Fig 4.9 SEM images of base metal configuration in different magnification 
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Fig 4.9 and Fig 4.10 shows the Scanning Electron Microscope (SEM) Images of the 

fracture region of the base metal and LSP metal. 

 

4.4  Effect of LASER Shock Peening on Microstructure: 

Microstructure of the ZE41 on the both the base metal and LSP metal is obtained in 

different magnification and compared and found that the Zirconium ions in the base 

metal structure is spread across the grain structure and no inferred with the grain 

boundary of magnesium, whereas in the LSP area the Zirconium is attached to the 

broken grain boundaries of the magnesium grain which in turn creates residual stress 

and increases the hardness of the metal as shown in the  

Fig 4.10 SEM images of Shock Peened metal configuration in different 

magnification 
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Fig 4.11 Microstructure of LSP area in 200x Magnification 

 

 

Fig 4.12 Microstructure of LSP area in 100x Magnification 

 

 

Fig 4.13 Microstructure of LSP area in 50x Magnification 

More compressed 

grains in the LSP 

region 

Zirconium Ions  

Zirconium on grain 

boundaries 
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Fig 4.14 Microstructure of base metal in 200x Magnification 

 

 

Fig 4.15 Microstructure of base metal in 100x Magnification 

 

 

Fig 4.16 Microstructure of base metal in 50x Magnification 
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Comparing Fig 4.13 and Fig 4.16, LSP [Fig 4.13] has more compressed grains in the 

50x magnification and proves that the compressibility stress increase in LSP metal and 

thus increases the hardness and physical properties. 
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CHAPTER 5 

CONCLUSION AND FURTHER WORK 

From the studies done above and the results obtained and comparisons made, it is made 

clear that the LASER Shock Peening is one of the best surface treatments for 

improvising the physical properties. 

As it shown that the tensile properties and microstructure and grain refinement are 

improved in the affected metal rather in the base metal configuration. 

Further the work can be continued by finding the fatigue resistance value for both base 

metal and LASER Shock peening of ZE41 and comparing the value and publishing 

result. Then the corrosion problems can be tested with before and after LASER Shock 

Peening and further microstructure analysis can be done. 

The final conclusion and conclusion are tabulated., 

Table 5.1 Final comparison table 

SI No. Properties Base Metal LSP 

1. Ultimate Tensile Stress 134 (MPa) 168 (MPa) 

2. Ultimate Force 587 N 692 N 

3. Elongation 9.8 % 11.8 % 

4. Hardness 65 78 
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prepared 

  Yes 

Communicated 

effectively with 

teammates 

  Yes 

Did my share of the 

work 

  Yes 

 

 

My greatest strengths as a team member are: 

1. Planning of the work which is to be carried out. 

2. Ensuring stable work flow at any situation. 

The group work skills I plan to work to improve are: 

1. Communicating with team mates much more often. 

 

2. Analyze the availability of facilities before starting the process 
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Sample Self-Evaluation Form for Group Work 

 

Your name: Praveen S 

 

    Seldom  Sometimes  Often  

Contributed good 

ideas 

  Yes 

Listened to and 

respected the ideas 

of others 

  Yes 

Compromised and 

Cooperated 

  Yes 

Took initiative 

where needed 

  Yes 

Came to meetings 

prepared 

  Yes 

Communicated 

effectively with 

teammates 

  Yes 

Did my share of the 

work 

  Yes 

 

My greatest strengths as a team member are: 

1. Planning of the work which is to be carried out. 

2. Ensuring stable work flow at any situation. 

The group work skills I plan to work to improve are: 

1. Communicating with team mates much more often. 

 

2.   Analyse the availability of facilities before starting the process 
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