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ABSTRACT

The present work was to determine the effect of residual stresses produced
during shot peening operation. In order to basically understand the influence of
various shot peening process parameters on the mechanism of residual stress
generation. there is a need to develop numerical models that are capable of
accurately predicting residual stresses produced during shot peening.

Towards this goal. the finite element package ABAQUS 6.9 software
package has been emploved to clarify and for better understanding of the effect
of several key parameters such as shot velocity, shot size, shot material to
determine optimum peening process parameters for fatigue life enhancement. The
geometry of the target plate is assumed to be a deformable plate with 2x2 mm
dimensions. Also. for simplicity, shot is assumed to be fully spherical. discrete
and deformable with a mass positioned at its center. The material models used
was an aeronautical-based Ti6Al-4V & 6061-T6 Aluminium alloys as deformable
plate and Alumina (Al,Os). Cast steel as shot materials.

Situations of single shot impacts were studied: specifically of interest was
the magnitude of the residual stress on the surface, as well as the magnitude of
the maximum compressive residual stress developed beneath the surface of the
target. Other values of interest included the depth of the compressive layer and
the magnitude of the maximum tensile residual stress. The model is first validated
by comparison of residual stress profiles obtained by various simulation
techniques published in the literature. The present work also indicates that the
proposed finite element analysis is capable for investigating the influence of
various parameters on the shot peening process and this process can successfully

be simulated by the finite element package ABAQUS.
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CHAPTER 1
INTRODUCTION



INTRODUCTION

LISHOT PEENING

Shot peening is used in numerous engineering applications. It is a cold-work
process 10 which a stream of spherical shot is blasted against an engineering
component. Fach shot impacts on the target surface. causing plastic deformation.
\fier contact between the shot and the component ceased. a high compressive
residual stress is generated at the surface of the component. Compressive residual
stress in the surface layers of the component greatly improves the fatigue strength.
It is therefore very useful to be able to predict the pattern and magnitude of the
residual stress distribution near the surface after shot peening. Shot peening is a
verny complex process to model numerically. involving dynamic analysis of fast
moving shot impacting on a metallic component which can ofien has complex
geometry. There are a significant number of parameters involved in shot peening
which need to be controlled and regulated in order to produce a more beneficial
compressive residual stress distribution within the component. These parameters
can be categorized into three groups relating to the shot. the component and the
process. The shot parameters include size. density. shape. impact velocity. rotary
inertia. incident angle and hardness. The component parameters include geometry.
initial vield stress. work-hardening characteristics and hardness. The process
parameters include mass flow rate. air pressure, angle of attack. distance between
nozzle and component and percentage coverage. In order to control the resulting
residual stress pattern in peened components, it would be highly beneficial to

establish quantitative relationship between these parameters and residual stress

characteristics.

This section provides a brief description of the shot peening operation
including the many parameters that are involved. Information is also provided
regarding the measurement of peening intensities, as well as, the role that shot
peening plays in the formation of residual stresses in the penned component. Shot
peening is a surface strain hardening process that is used mainly in the manufacture
of mechanical components|1.2].Strain hardening can be described as a process in
which a ductile metal will become harder and stronger as it is plastically deformed.

This process is also referred to as work hardening or cold working since the
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temperature at which it usually takes place is well below the absolute melting
temperature of the material being worked on. In order to explain the fundamental
principle behind strain hardening one must look at the dislocation-dislocation strain
ficld interactions. Cold working causes the dislocation density in the material o
increase resulting in a decrease in the average distance between the dislocations.
The movement of a dislocation is hampered by the presence of other dislocations
because of the repulsive interaction that occurs between them. As a result the stress
required to further deform the ductile metal increases [ 1]. Overall. shot peening has
been proven to markedly improve the fatigue life of a component. 1 his s
accomplished by impinging the surface of the component with many small
spherical shots. Typical shot materials include hardened cast-steel, conditioned cut
wire. glass, or ceramic beads. Shot velocities can range from 45m/s to 125m/s. The
size of the beads can vary from 0.lmm to 2mm in diameter [2]. “After contact
between the shot and the target material has ceased, the elastically stressed region
tends to recover to the fully unloaded state, while the plastically deformed region

sustains some permanent deformation™ [3].

1.2 RESIDUAL STRESSES

The primary focus of this research is to estimate the residual stresses
resulting from shot peening Ti-6Al-4V. It is necessary to first present a brief
background on such subjects as residual stress, shot peening, and fatigue. In this
section a brief description of what residual stresses are and how they are introduced
will be presented. Residual stresses are stresses that remain in a solid material after
the original cause of the stresses has been removed. Residual stress may be
desirable or undesirable. For example, laser peening imparts deep beneficial
compressive residual stresses into metal components such as turbine engine fan
blades. and it is used in toughened glass to allow for large, thin, crack- and scratch
resistant glass displays on smart phones. However, unintended residual stress in a
designed structure may causc it to fail prematurely. “Residual stresses are one of
the most important parameters that characterize the near surface layer of any
mechanical component, which plays a crucial role in controlling its performance
[4]. A residual stress is one that remains in a body even when all external loads
have been removed and is the result of a non-uniform plastic deformation. Such

stresses are generally the result of a previous thermal or mechanical load applied to



the body or of a phase transtormation that occurs within the body itselt [4]. An
example of a thermal load would be one that is applied during a heat treatment

process, while mechanical loading can oceur during finish machining, bending. or
shot peening operations.

1.3 FATIGUE

According to Callister|3]. fatigue can be defined as “failure, at relatively
low stress levels, of structures that are subjected to fluctuating and cyclie stresses.”
Under such cyclical loading conditions components have a tendency to fail at stress
magnitudes that are well below the material's understood tensile or yield strength
for static loading conditions. As the name itself implies fatigue failures tend to
occur over a rather lengthy period of time. As the driving factor behind
approximately 90% of all metallic failures. fatigue is the single largest cause of
failure in metals. Because very little plastic deformation is associated with fatigue
failure it tends to be brittle by nature and is brought on by the generation and
propagation of cracks through the material. At the present time “controversy exists
in the shot peening and fatigue community as to whether the major benefits of shot
peening should be ascribed to the compressive residual stresses or to the micro
structural changes and/or deformation which occur over the same region and
influence crack initiation™[6]. Niku-Lari found that for materials which posses “low
characteristics™ the resulting increase in the endurance limit due to the shot peening
operation is primarily caused by the “superficial strain hardening and the residual
stresses” while for high strength materials the increase in fatigue life has been
found to be caused by the residual stresses[7]. It is widely accepted that
compressive residual stresses improve the overall fatigue life of a component.
however, what is not known is the exact impact that these stresses have[8].Amongst
researchers there seems to be an increased interest in developing models capable of

incorporating residual stress values into fatigue life calculations|6].

“The difficulties in controlling the parameters of the strain hardening operation by
shot peening very often lead its users to treat it only as an extra safety factor,
without taking the residual stresses due to the shot peening into account when
calculating the required dimensions of the part”[7]. In the United States and France
component developers tend to follow the previously stated approach, however, in

England, Germany, China, and Japan engineers take residual stresses due to shot



peening. i the
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Fatigue s the weakening of a material caused by repeatedly applied loads. It
in the progressive and localized structiral damage that occurs when a material 15
subjected 1o cyclic loading, The nominal maximum stress values that cause such
damage may be much less than the strength of the material typically quoted as the
ultimate tensile stress limit, or the yield stress limit

Fatigue occurs when a material is subjected to repeated loading and
unloading, If the loads are above a certain threshold. microscopic cracks will begin
1o form at the stress concentrators such as the surface. persistent slip bands (PSBs).
and grain interfaces. Lventually a crack will reach a critical size. the crack will
propagate suddenly, and the structure will fracture. The shape of the structure will
significantly affect the fatigue life: square holes or sharp corners will lead to
clevated local stresses where fatigue cracks can initiate. Round holes and smooth

transitions or fillets will therefore increase the fatigue strength of the structure.
1.4 TARGET MATERIALS

1.4.1 Ti-6Al-4V

Titanium has become a prominent material in many industries including

aerospace, automotive, biomedical, and many more owing to its above average
strength to weight ratio. Titanium alloys are currently being used to construct
everything from bike frames and tennis rackets to airframes and automotive
components. The most widely used titanium alloy is Ti-6Al-4V or Ti64 as it is
commonly called, which accounts for 45% of total titanium production and can
found in all of the aforementioned industries [8]. As the name suggests this alloy is
comprised of 6-wt% aluminium and 4-wt% vanadium. Due to its wide usage it is
important that as much information as possible be gathered about this particular
alpha-beta alloy, and in particular the effects that the various processing techniques
have on the final properties of the material. ~“Titanium is a material generally
utilized for parts requiring the greatest reliability and therefore the surface
roughness and any damage to the sub-surface layers (including residual stress) must

be controlled”[9]. The main focus of this research will be the residual stresses

formed during shot peening of Ti-6Al-4V.




Fheexistence of the a/fy transtomaton means that i varety of
microstructures and property combinations can be achieved in the alloy through
thermo mechanical processing thus permitting the adaptation o propertics 10
specthic applications. The need (o weld the alloy for certain engine components can
expose the alloy Tocally 10 non-optimum: thermal eycles and it is therefore of
mportance 10 gain - an understanding of the kinetics involved in- the phase
transtormations during heating and cooling. Morcaver. for the purpose of modeling
and computer simulations of heat treatments and welding processes. Quantitative
deseriptions of the transformations are necessary

1.4.2 Aluminium 6061

Aluminium has become a prominent material i acrospace. nuclear
industries have developed a large range of super alloy and heat resistance materials
mnemonics like ceramics and composite materials. With the vast and rapid progress
in science and technology, modern industry has introduced a new generation of
composite materials having low density and very light weight with high strength.
hardness and stiffness to meet the current needs of modern technology and the
challenges against liberalization and global competitiveness in market it has
numerous benefits like formability, weld ability, corrosion resistance and low cost.
Aluminium 6061 is used as matrix material for the fabrication of Al-e-glass-fly ash
hybrid composite material. Some of the mechanical properties have been evaluated
and compared with AI6061 alloy. Significant improvement in tensile properties.
compressive strength and hardness are noticeable as the wt % of the fly ash
increases. The microstructures of the composites were studied to know the
dispersion of the fly ash and e-glass fiber in matrix. It has been observed that
addition of fly ash significantly improves ultimate tensile strength along with
compressive strength and hardness properties as compared with that of unreinforced

matrix.

Annealed 6061 (6061-O temper) has maximum tensile strength no more
than 18,000 psi (125 MPa), and maximum yield strength no more than 8,000 psi
(55 MPa). The material has elongation (stretch before ultimate failure) of 25-30%.
T4 temper 6061 has an ultimate tensile strength of at least 30,000 psi (207 MPa)
and yield strength of at least 16,000 psi (110MPa). It has elongation of 16%. T6

temper



6001 has an ultimate tensile strength of at least 42.000 psi (300MPa) and yicld
strength o at least 35.000 psi (241MPa). More typical values are 45.000 psi
(310MPa) and 40.000 psi (275MPa). respectively. In thicknesses of 0.250 inch
(6.35 mm) or less. it has elongation of 8% or more: in thicker sections. it has
elongation of 10%. T651 temper has similar mechanical properties. The typical
value for thermal conductivity for 6061-T6 at 77°F is around 152 W/m K. A
material data sheet defines the fatigue limit under cyclic load as 14.000 psi
(100MPa) for 500.000.000 completely reversed cycles using a standard RR Moore
test machine and specimen. Note that aluminium does not exhibit a well defined
"knee" on its S-n graph, so there is some debate as to how many cycles equates 10
“infinite life". Also note the actual value of fatigue limit for an application can be

dramatically affected by the conventional de-rating factors of loading, gradient. and

surface finish.

1.5 SHOT MATERIALS
1.5.1 Aluminium oxide

Aluminium is very strong, light, and durable. Aluminium Oxide is a form
of aluminium. Aluminium is an extremely reactive substance so it is scarcely found
in nature. Therefore, it is usually found in the form of Alumina. Alumina is
formed in nature when aluminium reacts with oxygen in moist air to form a thin,
whitish coating on Aluminium metal of Bauxite .Aluminium oxide is a chemical
compound of aluminium and oxygen with the chemical formula Al:Os. It is the
most commonly occurring of several aluminium oxides, and specifically identified
as aluminium(IIl) oxide. It is commonly called alumina, and may also be called al
oxide, Alluminiumoxite, or alundum depending on particular forms or applications.
It commonly occurs in its crystalline polymorphic phase a-AlO;3, in which it
composes the mineral corundum, varieties of which form the precious gemstones
ruby and sapphire. Al2Os is significant in its use to produce aluminium metal, as an
abrasive owing to its hardness, and as a refractory material owing to its high
melting point.

The most common form of crystalline aluminium oxide is known as
corundum, which is the thermodynamically stable form .The oxygen ions nearly
form a hexagonal close-packed structure with aluminium ions filling two-thirds of

7



the octahedral interstices. Tach Al centre s octahedral. In- termsof 1t

envstatlography. corundum adopts a trigonal bravias lattice with a space group of R
3¢ (number 167 in the International Tables). The primitive cell contains WO
formula units of aluminium oxide.

Aluminium oxide also exists in other phases, including the cubic y and

phases. the monoclinic 0 phase. the hexagonal y phase, the orthorhombic k phase

and the & phase that can be tetragonal or orthorhombic .Each has a unique crystal

structure and properties. Cubic y-ALO has important technical applications. I'he
so-called B-ALOy proved to be NaAlOp.Molten aluminium oxide near the
melting temperature is roughly 2/3 tetrahedral (i.e.2/3 of the Al are surrounded by 4
oxygen neighbors), and 1/3 S-coordinated, very little (<5%) octahedral Al-O s
present .Around 80% of the oxygen atoms are shared among three or more Al-O
polyhedral, and the majority of inter-polyhedral connections are corner-sharing.
with the remaining 10-20% being edge-sharing. The breakdown of octahedral upon
melting is accompanied by a relatively large volume increase (~20%), the density

of the liquid close to its melting point is 2.93 g/em’.

1.5.2 Cast steel

Cast steel is a type of metal created by heating iron using a crucible
container. Its creation was due to a revolutionary process invented by an
Englishman, Benjamin Huntsman, in 1751. Cast steel allowed for a more uniform
composition of, and fewer impurities in, steel than any previous manufacturing
process. Since it is made in a crucible, cast steel is often called crucible steel. Steel
is made by combining iron with carbon or other alloys. Iron is a soft metal, so not
ideal for many construction purposes. The creation of steel removes many of the
impurities in iron, which allows steel to be harder and more durable. The better the
steel, the more iron impurities that are removed. Early steel was made by adding
small amounts of carbon to iron. For example, blister steel was made by repeatedly
heating wrought iron and charcoal together in a kiln the charcoal's carbon
transferred to the steel by the process of diffusion. Cast steel was the first type of
steel that allowed alloys to be added to the iron. Prior to this method, manufacturers
had not been able to get steel hot enough to melt. By heating blister steel in a clay
crucible placed directly into a fire, Huntsman allowed the metal to reach up to

2900°F (1600°C). Melting allowed other elements, such as nickel, to be mixed into

8



the metal. thus strengthening the sieel. Over the centuries. improvements in the
crucible process have been made. though the steel is still heated by fire and inside
clay. pot-shaped crucible that can be sealed. Modern cast steel is use in engines and
machines. as well as ship building. It tends to be more expensive than other types of
metals used for similar projects Cast steel has a rough finish. It often has surface
holes created by gas bubbling during the heating process. An clastic metal, this type
of steel is very tough. having four times the tensile strength of cast iron. Tensile
strength is how much pressure, created by pulling, an object can withstand before it
breaks .One concern when using cast steel is whether the surface holes extend into
the interior of the metal. If so. these holes could create weaknesses that affect the

soundness of the steel. Measuring the volume of water that can be poured into the

holes will give a good indication of whether the holes extend far into the metal.

1.6 Abaqus

* Abaqus FEA (formerly ABAQUS) is a software suite for finite element
analysis and computer-aided engineering, originally released in 1978. The name
and logo of this software are based on the abacus calculation tool. The Abaqus
product suite consists of five core software products:

* Abaqus/CAE or "Complete Abaqus Environment" (a backronym with an
obvious root in Computer-Aided Engineering). It is a software application used
for both the modeling and analysis of mechanical components and assemblies
(pre processing) and visualizing the finite element analysis result. A subset of
Abaqus/CAE including only the post-processing module can be launched
independently in the Abaqus/Viewer product.

* Abaqus/Standard, a general-purpose Finite-Element analyzer that employs
implicit integration scheme (traditional).

* Abaqus/Explicit, a special-purpose Finite-Element analyzer that employs
explicit integration scheme to solve highly nonlinear systems with many
complex contacts under transient loads.

¢ Abaqus/CFD, a Computational Fluid Dynamics software application which
provides advanced computational fluid dynamics capabilities with extensive

support for pre-processing and post processing provided in Abaqus/CAE.



‘ / T Y Affected zone

Fig 1.1 Schematic representation of short peening

Depth from Surface

Fig 1.2 Shown here is a typical residual stress profile that would result from a peening
operation
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CHAPTER 2

LITERATURE REVIEW



LITERATURE REVIEW

Ihe shot peening process is significantly complex the system is dynamic

d includes contact mechanics. Study of contact problems of the clastic and
clastic-plastic materials resulting from the loading of circular contact arca of a
sphere with a plane (or more generally between two spheres) was prcwmcd by
Hertz [TT]. Licetal. [12] proposed a simplified analytical model for calculating the
compressive residual stress field due to the shot peening process which cannot take
the velocity of the shot into account and. in addition. depends on empirical
parameters to develop a theoretical model. Hardy et al. [13] was the first to solve
the contact problem of a rigid sphere indenting an elastic—perfect plastic half-space
using the FE method. The first FE analysis of shot peening using the commercial
FE program was presented by Edberg et al. [14]. Meguid et al. [I5] used the
ANASYS computer program and developed a three-dimensional finite element
model of dynamic elasto-plastic analysis, single and twin spherical indentations
using rigid spherical shots and metallic targets. He examined the effects of shot
velocity. size and shape. and target characteristics on residual stress distribution in
the target. Their results indicated that the effects of shot parameters were more
profound than the strain-hardening rate of the target. M. Frija et al. [16] published a
numerical simulation of the shot peening process using a finite element method and
obtained the residual stress, the plastic deformation profiles and the surface
damage. In their model. the shot was supposed to be a rigid sphere. The mechanical
behavior of the subjected material was assumed to be elastic plastic coupled with
damage. using an integrated form of the Lemaitre and Chaboche model [17]. The
shot peening loading was simulated by a static indentation, obtained by an energetic
equivalence with the dynamic impact. Al-Hassam et al. [18] presented a numerical
simulation of single shot impact on a component and examined single shot
impacting with an oblique angle but very limited results were presented and their
results verified the significant role played by non-linear work hardening and strain

rate dependency of the target on residual stress profile and extent of surface

hardening.



Majzoobretall [19] have mvestigated multiple shot impacts and the effect of the

shotveloeity on the residual stress profile by using 1LS-DYNA code. [heir results
showed that. residual stress distribution was highly dependent on impac! velocity

and multiphicity.
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CHAPTER 3
SIMULATION PROCEDURE



o

SIMULATION PROCEDURE
ol

We are ong
v = £ o v e : .
£oing 10 study the compressive residual stress generated due to sh

seening by using - simulati 0C '
f £ b : wlation procedure  The simulation procedure we have adopted 15

ABAQUS Here we are going :
C ¢ are going to compare the different parameters like velocity. S17¢ and
compressive residual stress geners :

I 1dual stress generated by taking Aluminium 60061 and Ti-6A1-4V as target

material and Cast stee - . )
ast steel, Aluminium oxide as shot materials. The simulation procedure
consists of the 7 of stene whi , , ‘ .
number of steps which are discussed below. For the I:xplanation of the
yrocedure we have considere .
procedure we have considered Aluminum6061 as target material and Cast steel as the shot

material.

3.1 CREATING THE MODEL GEOMETRY

« Go to the Start Menu and open Abaqus CAL. Here you will observe a model
tree on the left side of the home screen. Model tree consists of steps involved in
the analysis like Part, Materials, assembly step, job etc. ABAQUS home screen
is shown in figure 3.1

«  As our analysis is shot peening the geometric model of part consists of the two
parts Target and Shot material. For this select the part in the model tree.

«  Enter the name as the target, under the modelling space select axis symmetric,

under the type select the Deformable and under the base feature select the shell

then press continue then draw a rectangle with required dimensions. Thus target

part has been completed

«  The same procedure has been adopted for the design of the shot. Initially the

selected size of the shot is 425um as shown in figure 3.2

3.2 DEFINING MATERIAL PROPERTIES

+ Next step in the procedure is defining the material properties for this select the

materials in the model tree. As show
the materials here we had taken Aluminium 6061 as target

n in the figure 3.3 assign the required

properties for

material and cast steel as target material.

. Plasticity parameters here we have taken are Johnson-Cook parameters .The

Johnson-Cook parameters and mechanical properties we have taken are given

in the below table 3.1 and table 3.2



Next we have 1o give the material properties of the cast steel Plasticity and

3]: ONCT e et ot o . . ]
plasticity properties ol cast steel are given in the below table 3.3 and table 3.4.

3.3 CREATING SECTIONS AND SECTION ASSIGNMENT

In this step the sections must be created and the materials to the section are
assigned. For this select the section dialogue box name as the section-1 for the
target material and section -2 for the shot material. After that materials are
assigned for the sections assignment as shown in figure 3.4

Now the solid section has been created, it can be assigned to the geometry for
this select the section assignment and assign the section-1 and section-2 as

shown in the figure 3.5

3.4 ASSEMBLY

In this we have to do the assembly of the target and shot for this first Instances
must be created for target and shot. Then by using the translate instance
assembly of the target and part done as shown in figure 3.6.

After the assembly the meshing is done as shown in the figure 3.7. After that

the type of the elements must be selected.

3.5 CREATING A STEP

The step is where the user defines the different fields like velocities,
interactions and boundary conditions. In the step there are two stages initial and
impact .First interactions are created. In the interactions the selected method is
Dynamic explicit, surface-surface-contact (Explicit) and give mechanical
method as penalty contact type.

In the first step as we are going to vary the velocities select the velocities in the
predefined fields as vi=0 and v2=25m/s as shown in the below figure3. 8.

In the impact field select the field output what we required as stress and strains
etc. Then apply the boundary conditions as UI=0 and UR3=0.Applying of

boundary conditions are shown in the figure 3.9



3.0 CREATING JOB

3--

_ N
YO OO M
LIRRLS Q0 M

1 e (s N IS, . .
SUDE created for the analyvsis as shown in the fioure3. 10, The name

wiheobwe have oiven N . . . :
ofthe jobwe have given is shot then submit the job for the analysis.

RESULTS

Ihe results of the residual stresses are taken in the X-axis. X direction in this
the shot didn’t show any eftect on the target material the deformable shape of
the target material is as shown in the figure.

Same procedure is adopted with different velocities like 23m/s. 43m/s. 65m/s.

SSmsand 1053m s.

3.8 CHANGING THE SHOT SIZE AND SHOT MATERIAL

By using the same procedure what we have explained above we most change the size
of the shot as 225um. 425 um. 625 pm. 825 um and 1025 pm. Then the values of the
residual stress are tabulated until we get the constant stress values. Then by changing
the shot material as Al»o: by taking 65m/s as velocity and 425 um as shot size. The

mechanical properties we have considered for Al-osare given in the below table.

3.9 CHANGING THE TARGET MATERIAL

Now we changed the target material as Ti-6Al-4V and the shot material is cast
steel the mechanical properties of the Ti-6Al-4V are given in the below table
OThen in the predefined fields we had changed the velocity of the shot as
25m/s, 45m/s. 65m/s. 85m/s, and 105m/s. Then the residual stress values are
tabulated.

Then the model is done by changing the size of the shot as 225um, 425 um, 625
pum, 825 um, 1025 pm.

After that we have changed the shot material i.e., we had taken Al.0; as the shot
material and the simulation procedure is repeated. Thus we had done the
simulation procedure for shot peening by changing the different target and shot

materials and we had tabulated the residual stress generated by shot peening.



3.10 TABLES

Property
" Density

" Young's Modulus
" Poisson’s Ratio

————

Table 3.2 Johnson-cook Parameters of Aluminium 6061

B Ta

' Material

70

\ \ m Melting | Transition Temperature
| (MPa)  (MPa) |
1 | Tempera (K) 3
| ture (K) ‘
| Aluminium 6061 324 | 114 | 042 | 134 | 853 298 |
Table 3.3 Mechanical Properties of Cast Steel
Property Values Units
- ]
Density 7638 Kg/m’ i
Young's Modulus 200 GPa N J—w
|
Poisson’s Ratio 0.256 R ]
|
Table 3.4 Johnson-cook Parameters of Cast Steel
Material | A (MPa) & B(MPa) | n m Melting Transition
Temperature | Temperature
(K) (K)
L —Ts |
Cast Steel | 792 510 0.014 1.03 L 1793 298




Table 3

lechanical Properties of A0

[ ‘poi_\;\on's Ratio

“property Values Units
I [)cn\'it,\ 3840 ' l\’j_'/lll;
"’\"6111151'5 Modulus 300 ‘ GPa
do 021 |
| -
|

Table 3.6 Johnson-cook Parameters of ALLO3

“aerial | AMP) [ BOMPO T Meling | Transition
| Temperature | Temperatur¢ |
| ‘ ]
| | K) (K) ;
S
TALOs | 880 450 064 06 [2298 298 :
L —— — L ]

Table 3.7 Mechanical Properties of Ti-6Al-4V
| Property Values Units — ]
i 443 3
Density 30 Kg/m |
Young's Modulus 114 GPa J
| Poisson’s Ratio 0.324 - !
|
Table 3.8 Johnson-cook Parameters for Ti-6Al-4V

i Material A (MPa) | B(MPa) | n m Melting Transition
: Temperature | Temperature |
\’
(K) (K) ‘
| Ti6AI-4V | 1098 1092 0.93 1.1 1878 298 |

I
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4 & Edit Materiat

Name  Alunminum 6061

Description

'Ednt...
Matenal Behaviors
TR TN A AT biipdoe s TS -
Denuty = —— R Ty i ’:‘ 2
Elastn
Inelastic Meat Fraction
Plasthc
General  Mechanical  Thermal  Qther Del
elete

Conductivity
Type lsotropic -
Use temperature- dependent data
Number of field vanables: 0"
Data ‘

Cuorndudtivity
1 0 |

OK { Can:el }

Category  Type
P T I Homogeneous

£l v Create..

G I.zed plane strain
;eln o Matenal: Cast steel
n
seam -U ena
S Ml Plane stress/strain thickness:

Other 1 Cancel

Continue...

Figure 3.4 Creating Sections
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Region
Region: (Picked) |Edit Regioﬁ |
Section

Sectian: Section-1

H |Create...|

Note: List contains only sections

applicable to the selected regions.
Type: Sohd, Homogeneous
Material: Cast steel

Thickness

Assignment: @ From section From geometry

| Cancel |

Figure 3.5 Section assignment

Instance Type
Dependent (mesh cn part)
© Independent (mesh on instance)

Note: To change 2 Dependent instances |
mesh you must edrt its part « mesh

Luto-offset from other instances

Cancel

Figure 3.6 Creating instances and assembly of shot and target
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v Curvature control

Mavimum deviation factor (0 O«<hil<10) 01

[Approvmate number of elements per circle: §)

Minimum cize factor (as a fraction of element size)

@ Use default (0.1) Specify (0.0 < min < 1.0)

Set Creation

Create set with name Edge Seeds-1

aK Apply Defaults Cancel

Figure 3.7 Meshing of materials

o Ty
“reate Predefined Field o S | Edit Predefined Field
Cre
| Name:  Predefined Field-1
Name
Intial - Type  Velocity
Step Inta
Step: Initial
“ategor Types for Selected Step Fegion: (Picked) Edit Region...
Cat y y
RpEIReeE ) Distnbution: Uniform - Create...
Hardemn;
Defintion: Translational only -
Other
Ve 0
V2 -4.5E-007
0
J
Continue... Cancel Ok Cancel

Figure 3.8 Creating predefined field
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pr—
£dit Boundary Condition l-’.ﬂ‘
Name BC-1

Type Symmetry Antisymmetry/Encastre
Step: impact fD)l'ldfhl( Exphicit)

Region (Picked) Edit Region...

@ XSYMM (Ul = URZ = UR3 = 0
ySYMM (U2 = URL = UR3 = 0)
ZSYMM (U3 = URL = UR2 = 0)
KASYMM (U2 = U3 = URL = 0; Abaqus/Standard only)
YASYMM (UL = U3 = UR2 = 0; Abaqus/Standard only)
ZASYMM (U1 = U2 = UR3 = 0; Abaqus/Standard only)
PINNED (UL = U2=U3=0)
ENCASTREU1=U2=U3=URl = UR2=UR3 = 0)

oK Cancel

Figure 3.9 Applying boundary conditions

£ .‘C reate Job

Beatass

$ Name: shof

Source: Medel

Cancel

Continue...

Figure 3.10 creating job
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RESULTS AND DISCUSSIONS

[ he results of the various parameters like §jse ‘
¢ velocity and residual stress

AJuminium6061 and Ti-6A1-4y 4 {

of the arget and ALO.cast steel as shot

(crials are discussed below
matet

1 RESULTS AND DISCUSSIONS FOR Ti.AL 4y

4 1.1 E’TL‘N of VCIOCit_\'

The velocity comparison graph for the Ti-6A1-4V as tareet material and. st

as the shot material is shown in the below figure 4.

steel

Form the above graph we can conclude that as the velocity of the shot increases

the depth of the maximum compressive residual stress increases. magnitude of

the compressive residual stress and depth of the compressive residual stress has
been increased.

. The figure 4.2 shows deformations occurred duc to the change in the velocities
of the shot.

. Figure 4.3 is graph of maximum magnitude of the compressive residual stress
(MPa) and velocity m/s we can conclude that with the increase in the velocity
the magnitude of the compressive residual stress varies polynomial.

. From the figure 4.4 a graph is drawn for depth of maximum compressive
residual stress and velocity of shot .From this we can conclude that the depth of
maximum compressive residual stress increases linearly with the increasing the
velocity.

+ The above graph figure 4.5 is drawn for the Depth of compressive residual
stress and the velocity. This graph has given the linear relationship. That is as

the velocity increases the depth of the compressive residual stress increases
4.1.2Effect of shot size
+ In the above column we have studied the effect of velocity of the shot on the
target material now we are going to study the effect of the size on the target

material

* Figure 4.6 shows the deformation of target materials by varying the shot

materials.
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e sraph figure 4.7 is shot size comparison
‘ H Yy 3
graph which iy ¢y

‘ awn s for the
and the depypy of the

mpr‘u‘\»‘i‘c residual stress

co0 , .
N arget fro i Py

at the depth of compre 2 om this we can

. ¢ th Tve .
conclud SSIve residy

'd‘ \ll‘c\\' . "
o residual s < depth of mq
pressive residual stress and (he " | maximum

C(\ln 1‘gr\illlglc ”t. 1h

; C compressive residus
ress has been increased. | ive residual
[N
C . 4.8 is the graph drawn for (he )
JFigure 4. | N for the Maximum magnitude of )
L ‘ .- compressive
dual stress and shot size. As the shot sire b p

nmL,nitudc of the compressive residual stress fy

IC\I ae 3 oy .
as increased the maximum

as also been increased linearly.

I'he above graph figure 4.9 is drawn for the sho size (um) and the depth of th
s ¢ depth of the

compressive residual stress. As the size of shot has been increased depth of th
:d depth of the

wmprcssivc residual stress also increased linearly

413 Effect of shot materials

. The next result we had studied is by taking Ti-6A1-4V as the target material

cast steel and Al>O; as the shot materials.

. Figure 4.10 is a bar graph drawn between shot materials and depth of
compressive residual. From this graph we can conclude that the depth of

compressive residual stress is more for the Al2O; than the cast steel shot
material

. Figure 4.11is a bar chart drawn for the shot materials and the depth of the
maximum compressive residual stress. Depth of maximum compressive stress
is more for the alumina than the cast steel because alumina is the harder
material than the cast steel.

+ Figure 4.12 is the next results we had plotted, is a bar chart against shot
material and Maximum magnitude of compressive residual stress. From this we

had observed that alumina has the more magnitude of compressive residual

stress than the cast steel.

42 RESULTS AND DISCUSSIONS FOR ALUMINIUM6061

4.2.1 Effect of velocity

* Up to now we have discussed the results of Ti-6al-4V and cast steel as the

target and shot materials now we are going to discuss the results of

Aluminium6061 and cast steel as target and shot materials.
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4.2.2 Effect of shot size

materials.

Figure 4.17 shows the comparison of different shot
is studied for the targ

€ 825 um after that
the curve will follow the irregular shape.

Figure 4.18 is a graph drawn between shot size and maximum magnitude of
compressive residual stress. From this We can conclude that as shot size
increases maximum magnitude of compressive residual stress also increases
parabolic.

From the graph figure 4.19 is drawn for depth of maximum compressive
residual stress and the shot size .From this as the shot size increases depth of
maximum compressive stress also increases polynomial.

Figure 4.20 is a graph drawn between the shot size and depth of compressive

residual stress .As the shot size is increased depth of compressive residual stress
also increases.
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Figure 4.1 Veloaity companison for Ti-6Al-4v as target material and cast steel as

shot matenal
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Figure 4.2 Compressions of different velocities
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Target naterial: Ti-6Al-4v
Shot material: Cast steel
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Figure 4.5 Comparison of velocity and depth of compressive residual stress

Figure 4.6 Effect of different shot sizes
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Figure 4.7 Comparison of different shot sizes by taking Ti-6Al-4V as target

material and cast steel as shot material
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Figure 4.8 Comparison of shot size and maximum magnitude of compressive

residual stress
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Target material: Ti-6Al4v
Shot material: Cast steel
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Figure 4.9 Comparison of shot size and depth of compressive residual stress
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Figure 4,10 Comparison of shot materials and depth of compressive residual stress
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VELOCITY COMPARISON
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Figure 4.14 Comparison of velocities by taking Al6061 as a target material and cast
steel as a shot material
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Figure 4.15 Comparison of velocity of shot and depth of compressive residual
stress for al6061
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CONCLUSIONS

1 he results of tl |
: § ¢ simulati
", I ulation showed that an increase in shot velocity and
shot siz7¢e ﬂI'ECIV increas .
(= - c CS ) |
. . ases the magnitude and dcplh of the residual stress
ield created in both the target materials
ary.
The cnelratin i
p n dept ; 0SS]
| . Ph of compressive residual stress increases with an
increase m shot veloci i
t vel City and shot size in both the target materials

Hardness of sh ial i .
ot material is one of the important parameter we observed. by

fixed the all s i
parameters like target material. shot velocity & shot size.

except the sh ial. T .
p shot material. The shot material of higher hardness given higher

magnitude and depth of residual stress.

The magnitu :
gnitude of surface compressive residual stress increases with an

ine . N .
rease in shot size in both the target materials. Whereas shot velocity is

not a significant parameter for surface compressive residual stress.
train hardening of

Using A0z as a shot material results in a faster rate of s
f the

steel shot. The overall depth o

target materials when compared to
d as a shot material

compressive layer is greater when AlLO3 is use

compared to steel.

magnitude of compressive residual stress is @

The generation maximum
s it is a linear function of shot

polynomial function of shot velocity. Where a

size.
nite element analysis 18

icates that the proposed fi
nce of various parameter
be simulated by the

The present work also ind
s on the

useful for the investigation of the influe
ing process. This pro

ABAQUS.

shot peen cess can successfully

finite element package
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FUTURE SCOPE

In this present work. effect of some shot peening process parameters 0
residual stress is inquired. The future research can try to find the effect of other shot
peening Process parameters like coefficient of friction between the shot and target
material. attack angle. multiplicity of shot. etc. b

1“&“ ) rn st 8 >y g f N .
Ihere is no practical experiment work done in this thesis work. In the

rescarch. several  shoot peening experiments are highly required. and 1t 15
o adjust the

future

necessary to compare the simulation result with the experiment results t

model setting. also adjust the coefficient of empirical equations.
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