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Abstract— In this experimental work, thin film of copper 

coating were prepared from the Copper Sulphate bath with 

the aid of Electrolyte Deposition process over a cold rolled 

mild steel plate and mild steel round rod substrate. In this 

experimental process different parameters such as voltage, 

agitation speed and time of deposition were considered. 

Electrolyte deposition done before and after the shot peening 

process. After the electrolyte process the shot peening were 

done on the electrolyte deposition specimens and normal mild 

steel specimens. Fatigue test was conducted by the R R 

Moore bending test instrument under the pay load of 150 kg. 

Tensile test was conducted by using Universal Testing 

Machine. The micro hardness of the specimens were 

examined in the Vickers micro hardness tester under the pay 

load of 2 kgf. The surface morphologies of the specimens 

were investigated with Scanning Electron Microscopic 

analyzer. The surface roughness of the specimens were 

examined by the Tally Surf Gauge instrument. 

Keywords: Mild Steel, Copper Coating, Electrolyte 

Deposition, Shot Peening, Fatigue Test, Tensile Test, Micro 
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I. INTRODUCTION TO COATING PROCESS 

Coating is one of the mechanical technology used to covering 

the surface of the object. The main aim of applying the 

coating is decorative applications, functional application or 

for the both applications. The functional applications of the 

coating technology is for changing the surface properties and 

mechanical properties of the object. The surface properties 

are adhesion, corrosion resistance, wear resistance, 

wettability, reduce the temperature of the material and 

coating material improve the surface finishing of the object. 

Surface hardness of material is proportional to surface 

finishing of material. The surface finishing of the object 

increase the surface hardness of the object decreased. 

Properties of material is also depends on coating, physical 

properties are thermal expression and conductivity and the 

mechanical properties are strength, young’s modulus, yield 

strength, creep and fatigue  

A. Different Types of Coating Technologies 

 Hot dipping  

 Thermal spraying  

 Physical vapour deposition  

 Chemical vapour deposition  

 Electro less plating 

 Chemical science and chemical deposition  

 Electroplating 

B. Electroplating  

Electroplating is one of the strong coating technology used to 

deposit the thin layer of coating metal over the base metal 

with the help of electric current. Corrosion resistance, coating 

adhesion inner tension, hardness, and abrasion resistance are 

the main properties of electro deposition process. Among 

these other properties can be varied by considering the 

process parameters like voltage, temperature, time, agitation 

speed, components concentration, electrolyte Ph value, 

electrolyte additives and current density. Compared to the all 

other technics in the coating technology the electroplating 

technology or electroplating deposition could be versatile 

vasoconstrictor method. In electroplating technology the 

deposition of the coating material in an exceedingly single 

step while not going any secondary treatment. Electroplating 

is done to accomplish the following   

 To protect the metal against corrosion  

 To give shiny appearance  

 To replace worn out materials  

C. Principle of Electroplating  

The fundamental laws of the electroplating are based on 

Faraday’s two laws 

1) Faraday’s first law states that 

“The amount of substance liberated or deposition on the 

electrode is proportional to the amount of electricity passed” 

2) Faraday’s second law states that 

“If same magnitude of electricity is passed through different 

electrolyte then the amount of substance liberated on the 

respective electrodes one in the ratio of their equivalent 

weight” 

The elements of the electroplating technology are 

the positive and negative terminals these terminals are 

connected to the adjustable direct current. This is the source 

of power the direct current power supply is required at very 

low voltage. The power required for the electroplating 

deposition is very small (100 to 200 A at 10 to 12 v). 

The positive terminal of the power supply is 

connected to anode, the anode is generally composed of the 

deposition material. A negative terminals of the power supply 

is connected to cathode, cathode is the component on which 

intend to deposit the metal.  Container containing 

approximate dissolved metal bearings salts and the correct 

.term for this .solution is the electrolyte. 

The required electrolyte solutions is filled in the 

container and the electrodes are .immersed in the electrolyte 

solution. Before immersion of the electrodes the object is 

cleaned if the object is not cleaned, polished and degreased 

the deposition term may not be well adherent to the base 

metal. The both anode and cathode electrodes are connected 

to the DC power supply and the circuit is completed. 

Required amount of direct current (DC) is supplied to the 

electro deposition setup through the completed circuit, which 

causes the metal ions dissolved from the anode and entering 

in to electrolyte solution. Metal ions already present in the 

solution is provided by the dissolved salt, migrate towards the 

cathode (work piece) the dissolved electrons deposited on the 

base metal as pure metal again. 
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D. Benefits of Electroplating 

Electroplating is one of the common methodology of plating 

one metal over the base metal. This is process done for 

various purpose, one most common purpose for imparting 

corrosion and decorative appearance. Rather than corrosion 

resistance there is numbers of advantages of the process. The 

coated surface of non-corrosive material protecting the 

original material. Electroplating can also improves the 

mechanical properties of the original material. This is cheaper 

coating method compared to the all other. 

II. METHODOLOGY 

 
Fig. 1: Methodology flow chart 

A. Shot Peening 

Introduction to the Shot Peening: Fatigue of metallic material  

Fatigue failure is most common failure occurred in the 

metallic material due to the cyclic loading. Regimes of 

fatigue crake propagation: 

Generally fatigue growth obtained in three stages 

one is fatigue crack growth, first stage is by shear mechanism 

on grains. The crack orientation is approximately 45°  to 

stress axis. Grain size is larger than plastic zone in initial 

stage. In second stage stress drives the crack propagation. 

This stage converted into third one when the stress intensity 

of the crack tipo reaches the required value of unstable crack. 

The third one is tearing mechanism, dominated and the .crack 

branches from the main .crack path. The high cycle fatigue 

.in this stage .represents an insignificant proportion of the 

failure follows very rapidly. Compressive residual stress is 

introduced to increase the .fatigue resistance on the .material 

surface  

The three modes of fractures related to crack surface 

displacements  

Mode 1 = Tensile operating mode  

Mode 2 = in plane sliding or shearing mode 

Mode 3 = Tearing or anti plane shear mode 

B. Definition of shot peening  

It is the effective mechanical surface treatment process, and 

also a cold working process used to proceed a compressive 

residual stress on the surface layer and modifying the 

respective mechanical properties of the metals and 

composites. 

C. Brief history  

The common mechanical pre stressing methods are coining, 

hammering, rolling & stress peening among these hammering 

is the oldest working process. Shot peening is also technical 

process started earliarly in 1920’s. 

The contribution of the Almen in the development 

the shot peening producers play a very important role. Almen 

strip becomes a most common and standard method .for 

specifying required peening .intensity .that a component 

.should receive .and an important tool in.process control. 

D. Mechanism of Shot Peening  

Shots are generally made by high carbon steel, stainless .steel, 

iron, and glass .or ceramics beads and the shot are generally 

depends on the material. These shot .purposely impacted to 

strike the surface of a work piece material. Either compressed 

air or centrifugal forces are used to accelerate the shot 

particles in the chamber. Shot particles velocity is around 10-

50 m/s for the material aluminium. The kinetic energy of the 

stream is directly related to the particles impact. The constant 

pressure between the work piece and shot varies with .time of 

kinetic .energy is transferred to the .work piece .surface 

during the .impact phase & returned .to the .shot in the 

rebound phase. The sum of stream kinetic .energy .Wi and 

retuning kinetic .energy Wr is the total .energy stored in the 

.material. 

 
Fig. 2: Shot peening surface, nozzle and spherical ball 

Wα=Wp+Wd 

Wd = Energy dissipated during the impact  

The impact efficiency is defined as K, Impact energy 

is .the ratio of energy dissipated during the contact .to the 

energy transmitted to the work piece material. 

All the process is under dynamic conditions, the shot 

velocity up to 200 m/s. at the impact moment. When particles 

impacted on the surface dimple is formed on .the surface and 

plastic deformation obtained on .the surface of the work piece 

material. The surface fibre of the work piece must be yielded 

in tension during impact momentary rise of temperature on 

the surface due to the transformation of kinetic energy, it is 

only affected on the plastic zone on the surface fibre (strain 

rates in the range of 4 x104 / s). after the rebounds .of shot 

surface  fibres try to regains .its original shape and size of the 

surface but, the elastic zone and .plastic zone does not allow 

to .regains its original shape and size of the surface.  

 



Study of Surface Mechanical Properties of Electrodeposited, Shot Peened Copper Coating on Mild Steel Substrate 

 (IJSRD/Vol. 7/Issue 06/2019/120) 

 

 All rights reserved by www.ijsrd.com 545 

 
Fig. 3: Shot peened surface 

The plastic deformed zone obtained at some part of 

elastic zone of total surface area. The compressive stress on 

the thin surface region, with residual tensile stress is 

distributed throughout inner region of the surface.   

 
Fig. 4: Impact mechanism 

The heart of the mechanism is shot impact on work 

piece surface which absorbs the kinetic energy of shot & there 

is local plastic yielding deformation on the surface layer of 

work piece. 

 
Fig. 5: Stress layer after impact 

After the shot peening operation surface area of the 

work piece becomes plastically deformed zone. This area is 

permanently deformed with uniform compressive stress on 

the surface layer. 

E. Shot Peening Control Parameters 

There are six parameters considered for .shot peening process 

condition  

Shot peening media  

Incidence angle  

Saturation 

 Intensity 

 Coverage 

 Velocity  

F. Shot peening media 

Shot peening media is the most common factor considering 

in the shot peening producer. Cast steel shot is widely used in 

the shot peening and this media is directly depends on the 

work piece material and intensity required for operation. For 

the better surface finish on the work piece glass and ceramics 

beads are used but operational cost is more compared to the 

other media. The shape and size of the shot peening media is 

mainly considered factor in terms of increasing fatigue 

resistance. 

G. Angle of Incidence 

The permanent angle of incidence is formed in .between the 

directions of project on the work piece surface. The induction 

obtained .by normal shots impact (typically 900) is higher 

than the shot projected with in an .angle of incidence. 

H. Saturation condition 

It is used .to describe the dents accumulation on the Almen 

strip surface. The condition of saturation is attained 

when.doubling the exposure time, does not lead.to an increase 

more than. 10% in Almen strip surface and .height. The 

saturation condition is represented by T, typically there are 

three conditions .measurement of exposure time, and they are 

0.5T, 2T and 4T point obtained. Height of the 2T condition is 

.less than. 10% different from arc height of T condition then 

this point is defined as the valid .saturation condition. 

I. Intensity  

Intensity is the factor used to refer the amount .of kinetic. 

.energy transformed by a .given shot .particle to the work 

piece material. Almen strip process is used to determine the 

intensity before and after the peening operation. The degree 

of curvature is proportional to the intensity of the kinetic 

energy in .the shot stream and represent process 

effectiveness. 

J. Coverage  

The proportion .of the exposed. .surface which has .been 

impacted in given peening time is expressed .in percentage. 

It also .measures the uniformity of .residual .stress in the 

surface.  

K. Velocity  

Velocity is the most .impact factor consider in shot peening, 

it is the main characteristic of impact. Based on this factor 

intensity .of the kinetic energy transformed to work piece 

surface. Velocity .measurement have been a major abstracted 

to the accuracy of the shot peening .process, a velocity is 

parameter has not been considered for process control. 

L. Shot peening Effect on Fatigue  

Shot peening is the material surface treatment (heat 

treatment) process to reduce crack propagation & common 

method for fatigue .resistance improvisations.  Process of 

shot peening varies the surface and sub-surface length .of 

work piece material .essential due to the homogeneous plastic 

deformation over the surface region caused .by fluctuating 

force.  Important changes in the peened material surface are 

residual stress.  Topography & hardness are the key factor for 

fatigue improvement. 
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III. MATERIAL SELECTION AND EXPERIMENTATION 

PROCEDURE 

Every engineering materials fails according to the mechanical 

property, strength and application of the materials. In this 

experimental work we conducted the different mechanical 

test to know the comparison of mechanical property by 

coating the copper on the mild steel. The details of the 

selection of materials is discussed. 

The Materials used in the. Experimental Work are:- 

 Mild. Steel [Low. Carbon. Steel] 

 Copper  

 Copper sulphate 

 Sulphuric acid 

 Potassium sulphate 

A. Mild Steel [Low Carbon Steel]: 

The 2mm thickness mild steel plate is used, it is composition 

of iron with some min percentage of. Carbon, and the mild 

steel plate is initially tempered. This plate is also known as 

plain. Carbon Steel or low carbon steel. Density of the Mild. 

Steel plate is approximately 7.85 g/cm3 and the young’s 

modulus is 200 GPA. The Mild Steel [Low Carbon Steel] is 

the most common materials used in many industrial and 

commercial applications, advantages of MS price is low, 

availability of the material as well as good mechanical 

properties compared to the other materials. The tensile 

strength of the mild steel is low, with the help of carbonizing 

process surface hardness of the mild steel is increased and 

fatigue strength is increased by increasing the residual 

stresses in the material. 

B. Composition of Mild Steel [Low Carbon Steel] 

The MS contains 0.05%  to 0.25% of Carbon, the composition 

of the mild steel is 98.60% iron(Fe) [ density of iron 7.874 

g/cm3, young’s modules and shear modules is 211 GPa and 

84 GPa and possion’s ratio is 0.29], 0.156% of Manganese 

(Mn) [density of Mn is 7.21 g/cm3, young’s modules 198 

GPa], and 0.312% of Silicon (Si) [density of Si is 2.32 g/cm3, 

young’s modules and shear modules is 130-180 GPa and 21-

80 GPa , passion’s ratio 0.064-0.28]. Low carbon steel 

contains less carbon compared to other materials and easier 

to cold form and easy to handle. Cold rolled steel gives a 

variety of mechanical properties, including easy formability, 

smooth & clean surface, used in the automobile industries, 

furniture and many other commercial products. 

Low carbon steel 

Element Percentage +/- 

Fe 98.60 0.46 

Mn 0.156 0.030 

Si 0.312 0.080 

Cu 0.05 0.010 

Table 1: Composition of mild steel 

C. Copper 

The Copper material. is soft, malleable and ductile metal with 

high thermal and electrical conductivity, copper has pinkish 

orange colour. The properties of the copper are:- 

Copper symbol = Cu 

Standard Atomic. Weight = 63.546 

Atomic number = 29 

Melting. Point = 1357.77 K 

Boiling. Point = 2835 K 

Density = 8960 Kg/m3 

Yung’s modules = 10-128 GPa  

Shear modules = 48 GPa 

Passion’s ratio = 0.34 

Composition of Copper 

Element Percentage +/- 

Zn 0.139 0.033 

Cu 99.42 0.55 

Si 0.269 0.094 

Table 2: Composition of copper 

Copper contains 0.139% of Zinc (Zn), 0.269% of 

Silicon (Si) and mainly 99.42% of copper (Cu). The 

important applications of the copper are electrical wires 

(60%), roofing plumbing. (20%) and industrial machineries. 

(15%). Also in decorative art, bacteriostatic agents, 

fungicianes and wood preservations. 

D. Copper sulphate: 

Copper sulphate is used for preparing the electrolyte solution 

in this experiment work, copper sulphate is also called as 

cupric sulphate. The chemical properties are:- 

Chemical formula = CuSo4    

Copper sulphate is blue in the color  

Density = 2286 Kg/m3 

Crystalline structure = orthorhombic  

Composition of the copper sulphate is commonly about 98% 

of pure copper sulphate, 39.81% of copper and 60.19% of 

sulphate by mass. 

E. Experimental Procedure  

The complete experimental work is subdivided into the three 

cases:- 

 Electroplating 

 Shot peening 

 Mechanical testing 

1) Electroplating  

Electroplating is the procedure conducted to plating the 

copper on the mild steel specimen [low carbon steel]. The 

equipment’s used in the electroplating procedure are:- 

 DC source  

 Magnetic stirrer setup 

 Magnetic stirrer bit 

 Ph. meter  

 Copper plate  

 Mild steel specimen 

 Electrolyte solution 

 Cleaning agent [acetone] 

Electroplating creates a sacrificial coating on the 

specimen that avoided the underlying steel from rust. This is 

the one surface treatment procedure to improve the 

mechanical property. 

 Preparation of specimen  

 Experimental arrangement 

 Preparation of electrolyte solution and setup 

a) Preparation of specimen: 

The two types of specimen used to conduct the mechanical 

test, mild steel round rod of 12mm specimen for conducting 

fatigue test and tensile test and mild steel plate are used to 
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conduct micro hardness test, surface roughness tests and 

scanning electron microscope analysis. 

Initially cut the sheet metal and round specimen for 

the required shape and size. The round rod is machined for 

the required shape and size in the machine shop in the lathe 

machine. The size of the specimen for the Fatigue Test 

[according to ASTM standards] (Fig 5.3) 

Overall length = 226 mm 

Outer diameter [fixture dia] = 12mm 

Gauge dia = 8mm 

Gauge length = 96mm 

The size of the specimen for tensile specimen (Fig 5.4) 

Overall length = 200mm 

Outer dia [fixture dia] = 12mm 

Gauge dia = 8mm 

Gauge length = 100mm 

Cut the sheet metal of the size 14mm x 5mm, Clean 

the prepared specimens with the help of emery paper of small 

grain size for finishing purpose. After the finishing of the 

specimen wash the specimen with tap water and de-ionized 

water. Clean the moisture content with the help of clean 

cotton cloth. 

 
Fig. 6: Fatigue test specimen diagram 

 
Fig. 7: Tensile test specimen diagram 

b) Preparation of Electroplating Solution: 

Electrolyte solution is one of the main factor consider in the 

electroplating process. In this present work we prepared the 

electrolyte solution for the amount of 600ml. 60g of copper 

sulphate, 0.75g sulphuric acid, 0.18g of potassium sulphate 

and small amount of theourea is used as a brightener. The 

weighed amount of materials are taken in the beaker, 600ml 

of water is poured in the beaker and stirrer the electrolyte 

solution continuously with the help of the glass stirrer. 

c) Deposition Process: 

After the preparation of the specimen and electrolyte solution 

make the experimental setups. Magnetic stirrer is also called 

as magnetic mixer. The device used to rotate the electrolyte 

solution fill in the beaker with the help of magnetic bar. 

Magnetic stir bar is placed in the electrolyte solution which 

provides the stirring action. Direct current power supply is 

used provide the current to the deposition process, It is helps 

to maintained the required voltage. The prepared electrolyte 

solution is taken in the beaker, the beaker is placed on the 

magnetic stirrer. The copper and the specimen are connected 

to the DC power supply system through connecting wires and 

the both copper and specimen is immersed in the electrolyte 

beaker. The positive terminal of the power supply anode is 

connected to the copper and the negative terminal of the 

power supply cathode is connected to specimen. The 

complete experimental setup is as shown in the figure. 

 
Fig. 8: Complete Electro Plating set up 

After the final setup the required current is supplied 

at the required voltage and stir bar is rotates at the required 

speed in the electrolyte solution at specified time. After the 

time of deposition disconnect the connection and check the 

deposition of copper. Record the deposition parameters 

similarly repeat the experimental process for the different 

speed, time and the voltage. 

TRIAL NO V S T 

1 0.3 250 25 

2 0.3 350 25 

3 0.3 450 25 

4 0.3 250 20 

5 0.3 350 20 

6 0.3 450 20 

7 0.3 250 15 

8 0.3 350 15 

9 0.3 450 15 

10 0.6 250 25 

11 0.6 350 25 

12 0.6 450 25 

13 0.6 250 20 

14 0.6 350 20 

15 0.6 450 20 

16 0.6 250 15 

17 0.6 350 15 

18 0.6 450 15 

19 0.9 250 25 

20 0.9 350 25 
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21 0.9 450 25 

22 0.9 250 20 

23 0.9 350 20 

24 0.9 450 20 

25 0.9 250 15 

26 0.9 350 15 

27 0.9 450 15 

Table 3: List of parameters maintained in the Electro Platin 

Electro plated-shot peened-Electro plated specimens 

(Round rod) 

TRIAL NO V S T 

01 0.3 450 25 

02 0.6 450 25 

03 0.9 450 25 

Shot peened-electroplated specimens 

04 0.3 450 25 

05 0.6 450 25 

06 0.9 450 25 

Table 4: Electroplating process parameters list in Fatigue 

Test specimen 

Electro plated-shot peened-Electro plated specimens 

TRIAL NO V S T 

01 0.3 450 25 

02 0.6 450 25 

03 0.9 450 25 

Shot peened-electro plated specimens 

04 0.3 450 25 

05 0.6 450 25 

06 0.9 450 25 

Table 5: Electroplating process parameters list in Tensile 

Test specimen 

F. Shot Peening 

After the preparation of the specimen and electroplating 

process we conducted the shot peening process to improve 

some mechanical properties. This process done with the help 

of surface shot finishers Bangalore. The testing chamber of 

peening machine is as shown in the Fig 5.8. The prepared 

specimens and electroplated specimens are placed in the heat 

chamber and set the required parameter like blasting time, 

voltage, blasting wheel rpm in the control panel. Very small 

diameter aluminium ball used to impeach the specimens with 

high speed. 

 
Fig. 9: Shot peening chamber and power box 

G. Mechanical Tests: 

The following tests are conducted in this present work:- 

 Fatigue Test  

 Tensile Test  

 Micro Hardness Test   

 Surface Roughness Test 

1) Fatigue Test: 

In this work the Fatigue test is conducted to study the 

behavior of the four different category of specimens when 

subjected to different stress levels still their failure. 

Endurance limit and number of cycles before failure of four 

different category specimens were determined. R R Moore 

bending testing machine is shown in  

 
Fig. 10: Fatigue. Testing machine 

The machine consists of three main units such as 

spindle heads with drive, cycles counter and loading 

mechanisms. The main function of the spindle head with 

drive is to hold the testing specimens and transmitting the 

testing load to the specimen. The spindle head hold the testing 

specimens with the help of the grippers and also the spindle 

head is connected to the electric motor through the belt and 

as well as the one iron rod. Electric motor is used to rotate the 

spindle at a speed of 4200 rpm. The loading mechanism is 

one of the important unit in the fatigue test. It is used provides 

the required amount bending moment to the specimens during 

the testing. The loading system is balanced by means of a 

counter balance. The testing load is transmitted to the spindle 

head by two links and the specimen will be acted upon by a 

constant bending moment for its entire length. The entire 

arrangement will give repeatedly alternating bending stress 

applied to the specimens. 

2) Tensile Test 

It is one of the basic test for engineering materials, and it 

gives an important .information about material and its 

respective .properties. These properties can be used for. 

design consideration and .engineering analysis structure and 

for .developing new materials .that better suit a 

.corresponding use and its operational condition. 

 
Fig. 11: Tensile testing machine 
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Initially measure the diameter of the specimen at the 

several sector with the help of micrometer to obtain the mean 

value, measure the overall length and gauge length. After the 

initial observation fixed the specimen to the universal testing 

machine by using suitable fixtures. Fix the dial indicator to 

the machine and adjust the reading to zero. Set the load dial 

of the machine to suitable range. Apply the load at slow speed 

and make simultaneous observation of load F and dial 

indicator reading. When an increment of load leads to 

disproportion extension indicates the yield point (YP) and 

record that point value. Continue to load the specimen taking 

the tension by means of graduated scale. At the certain load 

the specimen is fractured, record the yield point, ultimate 

point, and load at fracture. 

3) Micro Hardness Test: 

It is a mechanical test for determining material properties 

which are used in engineering design, analysis. of structures, 

and materials development. The principal purpose of the 

hardness test is to determine the suitability of a material for a 

given application, or the particular treatment to which the 

material has been subjected. The ease with which the 

hardness test can be made has made it the most common 

method of Inspection for metals and. alloys. Hardness is 

defined as the resistance of a material to permanent 

deformation such as indentation, wear, abrasion, scratch. 

Principally, the importance of hardness testing has to do with 

the relationship between hardness and other properties of 

material. 

Micro hardness of the material is determined by the 

depth or area of the indentation. The indentation is obtained 

during load applied on the specimen. Elastic defamation 

devolved in a specimen when the specimen loaded during the 

testing. The applied load caused the indentation and this 

indentation is directly proportional to the plastic deformation. 

The energy absorbed during the indentation is used to 

produce the plastic deformation and rest of energy increases 

the surface free energy. 

Initially turn on the instrument with power switch on 

the right side near the back side of the instrument. Place the 

specimen on the round base with facing testing surface 

towards the indenter. Now select the amount of load and 

testing time on the digital screen, the loading system is 

operated by the mechanism called motorizing automatic 

loading and unloading. (2kg of load is selected with the time 

duration of 10 second). Then press the start switch and the 

indenting sequence will start on the surface of the specimen. 

The indenter size and depth is the parameter used to 

determine the hardness value. Take the measurement of first 

and second diagonal of indentation D1 and D2 respectively 

on the surface of the specimen using eye piece. Measured 

diagonal dimensions D1, D2 and hardness value is displayed 

on the digital screen. The indentation measured in µm. 

 
Fig. 12: Micro hardness machine & Micro hardness machine 

display 

4) Surface. Roughness test: 

Surface. Roughness is one of the important property play an 

important role in determining how a real object with interact 

with its working environment condition. Roughness surface 

usually wear faster and have higher friction coefficient 

compared to the smooth surface. A roughness value can either 

calculated on a profile .line or on a surface. The profile 

roughness parameters Ra, Rq, Ry and Rz are common, the 

area .roughness. Parameters Sa, Sq, Sy and Sz parameters 

gives significant values. 

The surface roughness test was carried out using the 

Tally surf instrument. This instrument uses electronics for 

magnification of the stylus movement and for analysis of the 

profile. In this instrument, the armature is provided in the 

stylus arm. When the stylus changes its position, the air gap 

is varied and the current flowing through the armature coils 

is modulated. This is fed to the amplifier and further recorded 

for analysis. With appropriate electronic circuit, the 

roughness is directly quantified. This instrument finds wide 

application in industries because of its simplicity, easiness 

and direct measurement of the surface measurement of the 

surface roughness. 

IV. RESULTES AND DISCUSSION  

This all experimental work was conducted to describe and 

compare the mechanical properties values such as fatigue test 

values, tensile test values, micro hardness values and surface. 

Roughness values of normal Mild. Steel specimen, 

electroplated shot. Peened specimen, shot peened 

electroplated specimen and only shot. Peened specimen. 

Complete exploration of results and effect of process 

parameters of all cases are summarized in the following 

section. 

Specimen cases are:  

 Normal mild steel plate and normal mild steel round rod 

 Only shot peened specimen 

 Electro plated shot peened specimen  

 Shot peened electroplated specimen 

A. Composition Analysis by Analyzer  

With the help of Thermo Scientific NitonXL12 analyzer 

machine the composition of all four type of specimens. This 

composition analysis is done before and after electroplating 

process and as well as before and after shot peening process. 
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Fig. 13: Composition Image 

B. Fatigue Test Results: 

In this work fatigue test is conducted in R R Moore fatigue 

test equipment to determine the number of cycles to failure. 

150 Kg load applied to the specimen during the rotating 

condition to the specimen. 

 
Fig. 14: Fatigue test results 

According to the above values the shot peened 

specimen runs more number of cycles (64905) compared to 

the other specimens. Shot peened electro plated specimens 

run loss number of cycles. 

C. Tensile Test Results: 

In this project work 12mm round rod is used to conduct to the 

tensile test to determine the yield stress, ultimate tensile 

stress, breaking stress, young’s modulus and strain with help 

of the universal testing machine. Initial observation and 

formula is listed below  

Diameter of the specimens: 12mm 

Gauge dia: 8mm 

Area: A=
πd

2

4  = A=
π8

2

4  =50.26 mm2 

Yield stress (σy) = Fy/AO N/mm2 

Ultimate stress (σu) = Fmax/Ao N/mm2 

Breaking stress (σb) = Fb/Ao N/mm2 

D. Normal Mild Steel Specimen 

Trail 

no 

Load in 

N 

Deformation in 

mm 

Stress in 

N/mm2 

01 5000 1.2 99.48 

02 10000 1.65 198.96 

03 15000 2.05 298.44 

04 20000 2.40 397.93 

05 25000 2.80 497.41 

06 
27000 

(Yp) 
3.25 537.20 

07 28000 4.05 557.10 

08 30000 4.80 596.89 

09 32000 5.50 636.67 

10 34000 6.10 676.48 

11 36000 7.20 716.27 

12 38000 8.48 756.06 

13 40000 10.5 795.86 

14 
41000 

(Ul) 
13.10 815.75 

15 35000 15.38 696.37 

16 
30000 

(BP) 
16.45 596.98 

Table 6: Normal specimen Tensile test results 

 Yield point = 27000, yield stress (σy) = 27000/50.26 = 

537.20 N/mm2 

 Ultimate point = 41000, ultimate tensile stress (σu) = 

41000/50.26 = 815.75 N/mm2 

 Breaking point = 30000, breaking stress (σb) = 

30000/50.26 = 596.89 N/mm2 

E. Shot Peened Specimen 

Trail 

no 

Load in 

N 

Deformation in 

mm 

Stress in 

N/mm2 

01 5000 0.65 99.48 

02 10000 1.30 198.96 

03 15000 1.70 298.44 

04 20000 2.20 397.93 

05 25000 2.50 497.41 

06 30000 3.80 596.89 

07 
35000 

(Yp) 
5.40 696.37 

08 40000 7.90 795.86 

09 43000 10.70 855.55 

10 
49000 

(Ul) 
21 974.93 

11 40000 22 795.86 

12 
35000 

(Bp) 
23 696.37 

Table 7: Shot peened specimen Tensile test results 

 Yield point = 35000, yield stress (σy) = 35000/50.26 = 

696.37 N/mm2 

 Ultimate point = 49000, ultimate tensile stress (σu) = 

49000/50.26 = 974.93 N/mm2 

 Breaking point = 35000, breaking stress (σb) = 

35000/50.26 = 696.37 N/mm2 

 Electro Plated-Shot Peened-Electroplated specimen 
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1) Voltage = 0.3, rpm = 450, time = 25 sec 

Trail 

no 

Load in 

N 

Deformation in 

mm 

Stress in 

N/mm2 

01 5000 0.35 99.48 

02 10000 0.55 198.96 

03 15000 0.35 298.44 

04 20000 1.30 397.93 

05 25000 1.70 497.41 

06 30000 2.30 596.89 

07 
34000 

(Yp) 
3.50 676.48 

08 40000 5.35 795.86 

09 45000 9 895.34 

10 47000 11 935.13 

11 
48000 

(Ul) 
13 955.03 

12 45000 17 895.34 

13 
40000 

(Bp) 
18 795.86 

Table 8: Electro plated shot peened specimen 1 Tensile test 

results 

 Yield point = 34000, yield stress (σy) = 34000/50.26 = 

676.48 N/mm2 

 Ultimate point = 48000, ultimate tensile stress (σu) = 

48000/50.26 = 955.03N/mm2 

 Breaking point = 40000, breaking stress (σb) = 

40000/50.26 = 795.86 N/mm2 

2) Voltage = 0.6, rpm = 450, time = 25 sec 

Trail 

no 

Load in 

N 

Deformation in 

mm 

Stress in 

N/mm2 

01 5000 0.50 99.48 

02 10000 1.10 198.96 

03 15000 1.45 298.44 

04 20000 1.90 397.93 

05 25000 2.20 497.41 

06 
30000 

(Yp) 
3.20 596.89 

07 35000 5.40 696.37 

08 38000 8 756.06 

09 40000 9 795.86 

10 
42000 

(Ul) 
13 835.65 

11 
40000 

(Bp) 
14 795.86 

Table 9: Electro plated shot peened specimen 2 Tensile test 

results 

 Yield point = 30000, yield stress (σy) = 30000/50.26 = 

596.89 N/mm2 

 Ultimate point = 42000, ultimate tensile stress (σu) = 

42000/50.26 = 835.65 N/mm2 

 Breaking point = 40000, breaking stress (σb) = 

40000/50.26 = 795.86 N/mm2 

3) Voltage = 0.9, rpm = 450, time = 25 sec 

Trail 

no 

Load in 

N 

Deformation in 

mm 

Stress in 

N/mm2 

01 5000 0.70 99.48 

02 10000 1.10 198.96 

03 15000 1.60 298.44 

04 20000 1.90 397.93 

05 25000 2.35 497.41 

06 
28000 

(Yp) 
3.55 557.10 

07 30000 4.60 596.89 

08 35000 5.90 696.37 

09 38000 8 756.06 

10 40000 9 795.86 

11 
42000 

(Ul) 
13 835.65 

12 40000 15 795.86 

13 
35000 

(Bp) 
17 696.37 

Table 10: Electro plated shot peened specimen 3 Tensile test 

results 

 Yield point = 28000, yield stress (σy) = 28000/50.26 = 

557.10 N/mm2 

 Ultimate point = 42000, ultimate tensile stress (σu) = 

42000/50.26 = 835.65 N/mm2 

 Breaking point = 35000, breaking stress (σb) = 

35000/50.26 = 696.37 N/mm2 

F. Shot Peened – Electroplated specimens 

1) Voltage = 0.3, rpm = 450, time = 25 sec 

Trail 

no 

Load in 

N 

Deformation in 

mm 

Stress in 

N/mm2 

01 5000 0.85 99.48 

02 10000 1.35 198.96 

03 15000 1.85 298.44 

04 20000 2.20 397.93 

05 25000 2.65 497.41 

06 30000 2.95 596.89 

07 
35000 

(Yp) 
3.60 696.37 

08 32000 4.05 636.67 

09 40000 5.30 795.86 

10 42000 7 835.65 

11 44000 10 875.44 

12 
45000 

(Ul) 
13 895.34 

13 
40000 

(Bp) 
14 795.86 

Table 11: Shot peened electro plated specimen 1 Tensile test 

results 

 Yield point = 35000, yield stress (σy) = 35000/50.26 = 

696.37 N/mm2 

 Ultimate point = 45000, ultimate tensile stress (σu) = 

45000/50.26 = 895.34 N/mm2 

 Breaking point = 40000, breaking stress (σb) = 

40000/50.26 = 795.86 N/mm2 

2) Voltage = 0.6, rpm = 450, time = 25 sec 

Trail 

no 

Load in 

N 

Deformation in 

mm 

Stress in 

N/mm2 

01 5000 0.45 99.48 

02 10000 0.95 198.96 

03 15000 1.30 298.44 

04 20000 1.70 397.93 

05 25000 1.95 497.41 

06 27000 2.55 537.20 
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07 
28000 

(Yp) 
3.55 557.10 

08 30000 4.50 596.89 

09 35000 7 696.37 

10 38000 8 756.06 

11 
40000 

(Ul) 
13 795.86 

12 
35000 

(Bp) 
16 696.37 

Table 12: Shot peened electro plated specimen 2 Tensile test 

results 

 Yield point = 28000, yield stress (σy) = 28000/50.26 = 

557.10 N/mm2 

 Ultimate point = 40000, ultimate tensile stress (σu) = 

40000/50.26 = 795.86 N/mm2 

 Breaking point = 35000, breaking stress (σb) = 

35000/50.26 = 696.37 N/mm2 

3) Voltage = 0.9, rpm = 450, time = 25 sec 

Trail 

no 

Load in 

N 

Deformation in 

mm 

Stress in 

N/mm2 

01 5000 0.75 99.48 

02 10000 1.60 198.96 

03 15000 2.05 298.44 

04 20000 2.50 397.93 

05 25000 2.90 497.41 

06 30000 3.35 596.89 

07 
31000 

(Yp) 
4.10 616.79 

08 35000 5.70 696.37 

09 40000 7 795.86 

10 42000 8 835.65 

11 44000 10 875.44 

12 
45000 

(Ul) 
13 895.34 

13 40000 17 795.86 

14 
35000 

(Bp) 
18 696.37 

Table 13: Shot peened electro plated specimen 3 Tensile test 

results 

 Yield point = 31000, yield stress (σy) = 31000/50.26 = 

616.79 N/mm2 

 Ultimate point = 45000, ultimate tensile stress (σu) = 

45000/50.26 = 895.34 N/mm2 

 Breaking point = 35000, breaking stress (σb) = 

35000/50.26 = 696.37 N/mm2 

In the tensile test, the shot peened specimen has the 

highest ultimate tensile stress compared to all other cases of 

specimen. Normal mild steel specimen ultimate stress is 

815.75 N/mm2 and shot peened specimen ultimate stress is 

974.93 N/mm2. In electro plated shot peened electroplated 

specimens, the specimen 1(V=0.3, rpm=450, T=25) has the 

highest ultimate stress (955.03 N/mm2). In the shot peened 

electro plated specimens, specimen 1(V=0.3, rpm=450, 

T=25) and specimen 3(V=0.9, rpm=450, T=25) has the same 

ultimate stress (895.34 N/mm2). 

G. Surface. Roughness Test. Results: 

This test is conducted to known the surface characteristics of 

different cases specimens with different parameters such as 

voltage, agitation speed and electroplating time. This test is 

carried out on the Tally surf gauge, the Ra, Ry and Rz values 

are noted down. 

Electro plated – shot peened-Electroplated specimen 

TRIAL 

NO 

V 

 
S T 

Tested surface roughness 

value in µm 

Average 

roughness 

Maximum 

height 

Ra Ry Rz 

1 0.3 250 25 5.99 26.62 26.62 

2 0.3 350 25 4.80 24.01 24.01 

3 0.3 450 25 0.82 5.62 5.62 

4 0.3 250 20 1.55 9.84 9.84 

5 0.3 350 20 0.87 6.34 6.34 

6 0.3 450 20 1.20 7.25 7.25 

7 0.3 250 15 1.51 10.43 10.43 

8 0.3 350 15 3.54 18.62 18.62 

9 0.3 450 15 2.11 23.19 23.19 

10 0.6 250 25 1.14 8.0 8.0 

11 0.6 350 25 0.80 5.35 5.35 

12 0.6 450 25 1.20 7.87 7.87 

13 0.6 250 20 1.03 7.30 7.30 

14 0.6 350 20 0.98 6.80 6.80 

15 0.6 450 20 4.17 21.72 21.72 

16 0.6 250 15 3.43 21.52 21.52 

17 0.6 350 15 1.22 6.62 6.62 

18 0.6 450 15 0.97 6.71 6.71 

19 0.9 250 25 0.93 6.30 6.30 

20 0.9 350 25 1.02 6.23 6.23 

21 0.9 450 25 1.07 6.74 6.74 

22 0.9 250 20 1.16 7.02 7.02 

23 0.9 350 20 1.07 8.22 8.22 

24 0.9 450 20 1.03 8.11 8.11 

25 0.9 250 15 4.62 22.40 22.40 

26 0.9 350 15 1.16 7.37 7.37 

27 0.9 450 15 1.08 6.62 6.62 

Normal specimen 1.14 7.99 7.99 

Shot peened 5 25.54 25.54 

Shot peened electro 

plated 
6.18 28 28 

Table 14: Surface roughness results 

On seeing the values of surface roughness and 

maximum height values (Ry and Rz) we found out that 

surface roughness varies in some specimens. By seeing the 

above table we conclude that shot peened electro plated 

specimen, specimen 1, shot peened specimen, specimen 

2,9,25,15 and 16 having higher surface roughness value and 

deposition of copper is also high respectively compare to the 

other specimen. The reaming all specimen having normal 

surface roughness value and deposition of copper. 

H. Micro Hardness Test Results: 

The results of micro hardness value are tabulated below and 

the micro hardness test was conducted on the Wilson’s 

Vickers’s micro hardness tester machine at the load of 2kgf 

for the time duration of 10 seconds. 

Electro plated – shot peened-Electro plated specimens 

TRIAL 

NO 

CONTROL 

PARAMETRES 

Micro hardness 

values 
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V S T  

1 0.3 250 25 181.15 

2 0.3 350 25 260.35 

3 0.3 450 25 287.51 

4 0.3 250 20 240.01 

5 0.3 350 20 251.11 

6 0.3 450 20 267.55 

7 0.3 250 15 219.37 

8 0.3 350 15 222.16 

9 0.3 450 15 230.63 

10 0.6 250 25 290.82 

11 0.6 350 25 298.18 

12 0.6 450 25 309.91 

13 0.6 250 20 267.73 

14 0.6 350 20 271.81 

15 0.6 450 20 279.14 

16 0.6 250 15 295..23 

17 0.6 350 15 304.23 

18 0.6 450 15 311.61 

19 0.9 250 25 274.50 

20 0.9 350 25 276.71 

21 0.9 450 25 281.13 

22 0.9 250 20 300.36 

23 0.9 350 20 304.61 

24 0.9 450 20 309.10 

25 0.9 250 15 276.61 

26 0.9 350 15 281.21 

27 0.9 450 15 284.92 

Shot peened – electroplated specimens 

01 0.3 450 25 301.22 

02 0.6 450 25 292.5 

03 0.9 450 25 230.83 

Normal mild steel specimen 133.91 

Shot peened specimen 239.32 

Table 15: Micro hardness results 

According to all the above results, the micro 

hardness value of the normal mild specimen is less compared 

to the all the other cases. The specimen 18 having the higher 

micro hardness value the electro plated shot peened case and 

specimen 1 in the shot peened electro plated case having the 

higher micro hardness value.   

V. CONCLUSION 

The followings can be established from the experimental and 

analysis studies on copper coating on Mild Steel specimens 

by Electroplating followed by with or without Shot Peening 

of the specimens. 

 Various mechanical tests were conducted to evaluate 

required mechanical properties. The Fatigue test 

conducted, results in the Shot Peened Mild Steel 

specimens runs for higher number of cycles before 

failure compared to other type of specimens. It is 

observed that Shot Peened Electroplated Mild Steel 

specimens run for lesser number of cycles before failure 

from the Fatigue test. 

 From the Tensile test of all type specimens, Shot Peened 

Mild Steel specimens has maximum values of ultimate 

and yield point tensile stress compared to other types of 

specimens. The Shot Peened specimen has ultimate 

stress 974.93 N/mm2 and yield point stress 696.37 

N/mm2 respectively. In case of Electroplated Shot 

Peened specimens the maximum ultimate tensile stress is 

955.03 N/mm2 for the parameters combination (V=0.3, 

rpm=450, T=25). In Shot Peened Electroplated 

specimens the corresponding maximum ultimate tensile 

stress was 895.34 N/mm2 for the same parameters 

combination. 

 The mass of deposition, coating thickness and average 

Surface Roughness are examined with the help of Tally 

Surf instrument. The average Surface Roughness value 

of Shot Peened Electroplated specimens is higher 

compared to other specimens type. The specimens 2, 9, 

15, 16 and 25 have higher Surface Roughness and 

deposition of copper.  

 From the results of Micro Hardness test of all specimens 

type, it is observed that the Electroplated Shot peened 

specimen (specimen number 18) has the highest Micro 

Hardness value 311.61. We’re has normal Mild steel 

specimen has corresponding value 133.01. Remaining 

two types of specimens has intermediate value of Micro 

Hardness. 
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