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Abstract The beneficial effects of shot peening on fatigue life of mechanical components are well
known. However, there are some reports in the literature that indicate inappropriate shot peening
parameters tend to reduce the fatigue life. It is therefore, the purpose of this study to find a logical
quantitative justification for these observations. Using finite element method, a dynamic elastic-
plastic simulation of shot peening was presented. Effect of shot velocity and size on surface
morphology after shot peening were examined. Fatigue crack initiation life calculation of shot peened
specimens revealed that beneficial effect of shot peening significantly vanishes in the case of high
velocities and bigger shots.
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1. INTRODUCTION

Shot peening is a cold working process in which
small spherical shots with velocities of 20-100 m/s
are fired against a target surface. Modifications
produced in superficial layers of target surface by
shot peening are strain hardening, compressive
residual stresses and surface roughness [1]. There
are many experimental works in the literature that
show using shot penning can lead to increase
fatigue life [1-9]. It is believed this improvement is
mainly due to introduction of compressive residual
stresses in surface and subsurface of treated parts.
When impingement of shots and target occurs, a
plastic zone surrounded by an elastic zone is
created at the contact region. After rebounding
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shots, recovery of elastic zone beside resistance of
plastic zone to further deformation, produces a
distribution of compressive residual stresses in
superficial layers.

Analyses presented by Al-Hassani [10] and Al-
Obaid [11-12] were the first attempts to quantify
depth of plastic zone and distribution of residual
stress in shot peening. However, their analyses
were highly simplified and mainly aimed at
understanding the mechanics of shot peening.
After the experimental study conducted to show
differences between residual stress induced by
static indentation and dynamic impact [13], and
progress in numerical methods and power of
computers, Meguid was the first researcher who
applied finite element method to conduct dynamic
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elastic-plastic analysis of the process, using single
shot [14]. When the mechanism of creation of
residual stress and effect of shot peening
parameters such as initial velocity and shot size on
plastic deformation and residual stress are well
established [15-20], attentions have been focused
on studying complexities of the process such as
strain rate [21] and multiplicity effects [22-24].

Review of the most of the work done in this
area reveals that predicting residual stress has been
the most interested issue. However, as mentioned
above, shot peening also changes the surface
morphology. By increasing surface roughness and
thus producing points of stress concentration, shot
peening may have detrimental effect on fatigue
life. This occurs especially where the shot peening
parameters are not well chosen (large shots, high
velocities and over peening) [3,4,7]. Benediti
utilized two different sizes of shot for shot peening
of the same target [3,4]. His X-Ray diffraction
measurement showed that the bigger shot would be
more beneficial in terms of residual stress
distribution. Nonetheless, fatigue tests did not
indicate any improvement in life of the component.
In addition, experiments carried out by Fathallah
[7] revealed a noticeable deduction of fatigue life
in the case of sever coverage of 1000% against the
standard coverage of 100%.

Using verified finite element method, this study
aims to examine the effect of shot velocity and
shot size on stress concentration produced by shot
peening and find out how fatigue life is affected by
these parameters. A quantitative justification of
reported fall in fatigue life of peened parts has
been presented.

2. FINITE ELEMENT MODEL

2.1. Model Description A three dimensional
model was used to simulate impingement of a
single shot to a target workpiece using a finite
element analysis package. The explicit integration
scheme was used in this research to solve
governing equations by numerical methods. The
major advantage of the explicit solution scheme is
its computation efficiency, because iterative
calculation is not used and the tangent stiffness
matrix is not formed [17].
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Dimensions of workpiece were selected
according to what proposed in the literature to
establish the effect of the boundary [14, 16]. For
impingement of a shot with radius R, the
dimensions of target were considered as follow:
width W=7R, height H=4R and breadth B=5R.
Only a quarter of the shot and target were needed
in this model due to their double symmetry with
respect to the X-Y and Y-Z planes. The model
mesh is shown in Figure 1. Eight noded brick finite
elements were used to discrete the target and the
shot. In addition to the boundary constraints along
the planes of symmetry, the bottom surface of the
target was fixed in all degrees of freedom.

An elastic-plasic material relationship was used
to represent AISI 4340 steel with kinamatic
hardening. Since shot-peening process involves
very  high-localised  strain  rates  during
impingement and rebounding of the jet stream
[21], the Cowper-Symonds material model was
employed for simulation of rate sensitivity of the
material [22]. Despite many pervious researches
[14-18, 21, 23] in which shot has been considers as
a rigid body, in this work linear elastic material
properties was introduced for shot which could be
closer to reality. Therefore, the material properties
of shot were: p (density) = 7800 Kg/m’, E
(elasticity modulus) = 210 GPa, v (Poisson's ratio)
= 0.3. The AISI 4340 steel target plate, as used by
Majzoobi, et al [22], had the following particulars:
p = 7800 kg/m’, E = 210 GPa, v = 0.3, o, (yield
stress) = 1500MPa, H (plasticity modulus) =

Figure 1. Finite element model.
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1600MPa. Coefficients of Cowper-Symonds
equation were also c=2 x 10° and p=3.3.

To model the shot-target interface, contact
nodes with friction coefficient of 0.1 were
introduced on both top surface of the peened target
and exterior curved surface of the shot. After
exerting initial velocities on shot's nodes, model
runs to allow impingement and rebounding occur.
With performing trial runs, size and numbers of
elements, especially in the region of contact were
carefully determined to fulfill convergence criteria.

2.2. Verification of the Model For verification of
the presented model, an experimental investigation
carried out by Frija, et al [18], was simulated by
the procedure described earlier. Shot diameter and
velocity were 0.6 mm and 52 m/s, respectively.
Residual stress in shot peened Ni-based super alloy
Waspaloy was measured by X-ray diffraction
method. Figure 2 shows the experimental results
and those calculated from present study. There is a
good agreement between the two sets of results,
providing some validation for the accuracy of the
present analysis.

3. RESULTS AND DISCUSSION

3.1. Effect of Shot Velocity  Seven different
impact velocities were used: 25, 50, 75, 100, 150,
200 and 300 mm/s. in all analysis shot radius was
considered 0.5 mm. Since deformation of path
defined by Z=0 and Y=4R, after rebounding the
shot is representative of surface morphology after
shot peening, special attention was focused on Y-
direction displacements of nodes along this path.
By extracting these nodal values and plotting them
along the path, shape and dimension of dent
formed after impingement will be seen. Variations
of surface morphology with shot velocity are
shown in Figure 3. The result revealed, with
increasing impact velocities, deeper and bigger
dents form.

3.2. Effect of Shot Radius The influence of shot
radius on the surface morphology of target
workpiece was investigated next. This was done by
fixing initial velocity at 100 m/s for four radiuses
of shot: 0.25 mm, 0.5 mm, Imm and 2 mm.
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Figure 2. Verification of Finite Element Model.
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Figure 3. Effect of Shot velocity on dimple formed.

Variations of surface morphology with shot radius
are shown in Figure 4. This indicates, as expected,
peening with a larger shot, keeping other
parameters unchanged, results in deeper dents.

3.3. Effect of Shot Peening Parameters on Stress
Concentration After presenting the surface
roughness exerted by the shot peening, the nodal
displacements were used to calculate peak to peak
distance, D), and peak to valley height, R, of dents
formed after shot peening. These values were used
to estimate the stress concentration exerted by
surface dimples according to the following
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expression proposed by [25]:

Kt=1+4[iJ “ (1
D

p

Variations of induced stress concentration with
shot velocity and shot radius are shown in Figure 5
and Figure 6, respectively. Results show that
increasing shot velocity and size increase stress
concentration produced by shot peening. Growth
of stress concentration is more pronounced in
higher velocity and bigger shots.

3.4. Fatigue Crack Initiation Life Having in
hand, the surface residual stress and local stress
concentration one can easily calculate fatigue crack
initiation life using the well-known SWT equation
(Equation 2) and Neuber's rule (Equation 3)
simultaneously. It has been assumed the equivalent
strain would be the same as the first principal
strain which is reasonable when a multi-axial state
of stress presents in brittle materials [26].

Or S E=(01) (2N,) + o EQN )™ @)

(KiAS) e 3)

Where S, o, € are nominal stress, local stress and
strain respectively. E, Young modulus, o ;, fatigue
strength coefficient, €, fatigue ductility coefficient,
b, fatigue strength exponent, c, fatigue ductility
exponent are material constants and Ky is the
fatigue notch factor that can be expressed as
following:

a
14+—
r

K =1+

Where “a” is an empirically determined material
constant, r is the notch root radius and K, is the
local stress concentration factor.

It has been assumed that various shot peened
specimens are subjected to cyclic load of 800 MPa
maximum stress and O stress ratio. The calculated
crack initiation life is shown in Figure 7 for
different shot velocities and in Figure 8 for
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Figure 4. Effect of shot radius on dimple formed.
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Figure 5. Effect of shot velocity on stress concentration
induced by shot peening.
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Figure 6. Effect of shot radius on stress concentration induced
by shot peening.
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Figure 8. Effect of Shot Radius on Fatigue Crack Initiation
Life.

different shot radiuses. It can be concluded from
these results that conducting shot peening process
with larger velocities and bigger shots occasion a
significant reduction in fatigue crack initiation life.
All beneficial effects of shot peening have
disappeared in the case of 2 mm shots. It is
because of bigger dents and high stress
concentration that was formed by that size.
Although bigger shots and larger velocities cause
deeper compressed layers and some percentage of
this reduction would recover in the propagation
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phase of life, as far as crack initiation life is the
main concern, which is the case in this study,
larger velocities and bigger shots have detrimental
effects on fatigue life.

4. CONCLUDING REMARKS

Finite element analysis was conducted to simulate
shot peening process. Special attention has been
focused on surface roughness producing after shot
peening. Variations of surface morphology and
induced stress concentration with shot velocity and
shot size indicated using high velocities and big
shots generate detrimental surface roughness that
deteriorate beneficial effects of shot peening.
These detrimental effects would be very noticeable
in the crack initiation phase and must be seriously
considered when crack initiation is the main design
criterion. Calculated fatigue crack initiation life
indicated using big shots could completely offset
expected fatigue life improvement of shot peening.
High velocities could also terminate about 80%
improvement of smaller shot velocities.
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