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Abstract— In today’s scenario, globalization has change face
of industry by introduction of surface treatment process like
shot peening. In addition to this, common problem of failure
of components occurs occasionally. Consequently,
components produces by industry need to redesign or else
prepare alternative design of the same in order to increase
strength. Though, surface treatment processes like shot
peening provides option to industry that uses of the same
component with enhancement of strength. The main
objective of this paper is to expose the scenario about shot
peening process and discusses various parameters of shot
peening machine to increase performance.
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. INTRODUCTION

Automobile and aerospace manufacturing industry is
unwavering to improve components life either by special
coating or else usage of particular process without changing
their design. Collective problem of express crack propagation
occurs in most of such components (like axles, gears,
crankshafts etc.) due to extreme loading circumstances.
Consequently, it is not probable to distinguish crack in
service and components are failed due to catastrophic crack
propagation. Fatigue strength of components should be
enhanced to avoid their failures throughout service. Shot
peening is one of the effective substitute process as detected
by investigators in past few years.

During shot peening process, shots on gear surface
are imparted on specific area at precise angle with exact
velacity to boost fatigue life. Manual controller of nozzle
throughout peening will certainly not produce uniform
strength throughout component structure. Additionally, this
control is challenging to cater the variation of work parts.
Therefore, design of an automated mechanism is essential for
shot peening process.

T. Hong et al. [1] studied computational modelling
of shot peening process, in which the finite element method
is employed to study elastic—plastic dynamic process of shots
impacting on a metallic target. Effects of various shot peening
parameters to be controlled and regulated in order to produce
a more beneficial compressive residual stress distribution
within the target. There are a significant number of
parameters involved in shot peening which need to be
controlled and regulated, which can be categorized into three
groups relating to the shot, the target and the process. The
shot parameters include size, density, shape, impact velocity,
rotary inertia, oblique impact, hardness etc. The target
parameters include geometric and material properties such as
initial yield stress, work hardening characteristics, hardness,
strain-rate dependence etc. The process parameters include
mass flow rate, air pressure, angle of attack, distance between
the nozzle and target surface, peening time etc. The depth of
compressive residual stress zone increased linearly with the
shot diameter and magnitude of surface residual stress
remained almost constant. With increasing shot impact
velocity, the maximum sub-surface residual stress and the

depth of compressive residual stress zone increased
significantly. The impact of the second shot caused a
significant change of the residual stress distribution induced
by the first shot impact, resulting in a significant increase of
the depth of compressive stress zone. However the effect of
further successive impacts was not as significant as that of the
second impact.
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Fig. 1: Influence of incident angle (v =75m/s) [1]

Normal or close to normal impact with &« — 90°
produced most beneficial compressive residual stress within
the target. Fig.1 shows the behaviour surface residual stress,
the maximum sub-surface residual stress and the depth of the
compressive residual stress zone with the incident angle .
Since the normal component of the impact velocity is much
more important than the tangential component for generating
compressive residual stress, the distribution of the normal
impact velocity v with the different angles of attack was
explored further. As experimental data, for 8 = 35° case, a
very high percentage (about 68%) of shots had normal impact
velocity v =43.5 m/s, however this value was much smaller
than the initial velocity v = 75 m/s because of the low angle
of attack. When 0 = 90°, less than 20% of shots retained their
initial velocity on impact, but these shots naturally impacted
with a much higher normal velocity (v = 75 m/s) than that of
the 6 = 35° case. For further clarity, ratios of the kinetic
energy of the shots impacting on the target Eimp, En, ET to
the total kinetic energy of all shots delivered from a nozzle
EO had been calculated. For the case of 6 = 35°, although
95% of the total kinetic energy was available on impacting
the target, only 27% of this total energy was the energy from
normal impact which is a key factor in generating residual
stress. For the case of O = 90°, the shot-shot collisions
dissipated a much larger proportion of the total kinetic energy
(36%), but the remaining 64% was almost normal impact
energy, directly contributing to generating residual stress.
Broadly speaking, the ratio of the normal impact energy to
the total energy En/Eo is probably the best indicator and this
shows that 0 = 67.5° case is the most effective at 58%. It can
be concluded that range of parameters given above are
beneficial for shot peening quality. It will be useful to
effective quality control, by identifying the most significant
parameters which affect the residual stress profile and must
be carefully controlled in shot peening.
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Kirk [2] has analysed the effect of shot impact angle
on peening intensity. This study provided relation of varying
shot impact angle to other shot peening parameters. This
study also examined the validity of two closely-related topics
almen saturation intensity and depth of the indents being
produced with shot impact angle. It was shown that both
depth and intensity vary as sinf1.5 - rather than as simply
sinf1.0, where 0 is shot impact angle. The experiment was
done by dropping ball bearings from known heights onto
inclined flat specimens to get indent shape and depth.
Experiment was done for both, perpendicular impact angle
and oblique impact angle. Circular indent will be produced
by a spherical impacting shot particle for a perpendicular
impact. Volume of this indent is represented by
V=zxd"4/32xD (to a first approximation), where d being the
indent diameter and D the particle diameter. It was
demonstrated that the mechanics of indent formation with
oblique impact are much complicated than those for
perpendicular impact. The particle velocity relative to the
surface is no longer that of the particle itself, indents are no
longer circular in outline, and the proportion of energy lost, 1
— e”2 is not constant, where e is coefficient of restitution
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Fig. 2: Effect of impact angle on indent depth [2]
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Fig. 3: Effect of mean impact angle on almen saturation
intensity N strips, S110 shot [2]
Fig. 2 summarizes measurements involving steel
ball bearings dropped from a fixed height onto aluminium

strip specimens. Indent diameters were measured using a
measuring microscope and converted into depths using the
intersecting chord theorem. The measurements shown in Fig.
2 indicate that the indent/depth impact angle variation differs
significantly from a simple [sin7@0] ~1.0 relationship. The

] ~1.49function, shown together with a simple sine curve.
Fig. 4 illustrates the experimental arrangement employed for
obtaining almen saturation values as a function of impact
angle. This arrangement included a sliding gate to regulate
exposure times, a fixed gun-to-strip distance, D, of 332mm
and an almen strip holder rotatable about an axis at R.
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Fig. 4: Schematic representation of almen strip holder
rotated about point R [2]

Impact angle has been shown to have a significant
effect on indent depth, indent shape and almen saturation
intensity. Both indent depth and almen saturation intensity
have been found to obey a function close to sinf1.5. Fig. 2
illustrates the several differences between predictions based
on a sin0l.0 function as compared with a [sin0]
A1.5function. At high Impact angles two functions have very
similar values. Differences increase with decrease in impact
angle. When 0 = 30° then [sin6] ~1.0 has a value of 0.5 -
implying that 50% of the saturation intensity can be achieved
than the one with perpendicular impacting. The observed
similarity of indent depth and almen saturation intensity
function confirms that they are directly connected. The shape
and size indentations will change during practical peening as
indentations overlap one another and work-hardening occurs.

George et al. [3] attempted optimization of critical
parameters with the use of Taguchi method. The
experimental results obtained confirm the adequacy and
effectiveness of this approach. The Taguchi method is used
to formulate the experimental layout and establish the order
of predominance among the identified critical parameters as
well as predict the optimal setting for each of the process
parameters. The response of the peening intensity when one
process parameter is varied while keeping all others constant
has been studied and established. An approach based on the
Taguchi methodology is used to determine the factor and
interaction effects as well as optimize peening intensity. The
critical process parameters selected for this study are: (a)
work height (distance of the component from the blade edge);
(b) shot flow rate; (c) exposure time; (d) shot size. From the
percent contribution of each factor indicated in the ANOVA
table of experiment it was inferred that work height is the
most predominant factor. The study indicates that the effect
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on the peening intensity, when the parameters are varied
simultaneously, is quite different from that observed when
parameters are varied individually. It is found that peening
intensity increases with respect to work height while it
decreases with respect to shot flow rate. The optimum
peening intensity is obtained by setting work height at 1016
mm, shot flow rate at 95 kg/min, exposure time at 6 min and
shot size at S230. The peening intensity is found to increase
by 32.45% at optimum level. Based on results, it was inferred
that the amount of shot required is comparatively less for
optimum intensity.

Lee at el. [4] conducted experiments and fatigue
analysis study to predict the fatigue life of shot peened gear.
The fatigue life was evaluated depending on the peening
intensity. It was concluded that from A-N (Almen intensity -
Number of fatigue cycles) curve for a bevel gear, the specific
time and velocity corresponding to a maximum fatigue life
were determined. That result shows that the optimal peening
condition is 65m/s of shot ball velocity and 8 minutes of shot
peening time. An error range between experimental and
fatigue analysis data was 20% to 25%. From the investigation
on the life prediction and fatigue characteristics of optimal
peened gear, the following conclusions were drawn:

Optimal peening condition was decided at the 8min
of shot peening time under 65m/s of shot velocity and
improved the fatigue life of peened specimen about 200%.
From the fatigue analysis using real load data, the fatigue
lives of unpenned and peened gear were predicted as
4.64x106 and 1.0x1020 cycles, respectively.

From the experimental and analysis data, the fatigue
life prediction of peened parts is reasonable and the costs for
designing the peened parts can be reduced.

Petit-Renaud [5] developed on shot peening
machine for aerospace and automotive industries to improve
surface characteristics of components. The work described in
this paper examined the effect of a range of process
parameters on the residual stress profiles produced by shot
peening coupons of case carburized 17CrNiMo6 steel. The
process parameters investigated included air pressure, the
mass flow, the impact angle, the distance between the nozzle
and the specimen, the exposure time and the nozzle size.
Using Minitab software regression analyses were performed
on the results obtained from the statistically designed
experiments. It was found that the most significant
parameters were air pressure, the mass flow, the impact angle
and the exposure time. Further important and significant
interactions were also detected between exposure time and air
pressure; nozzle size and mass flow; air pressure and impact
angle; nozzle size and air pressure. The immediate effect of
bombarding high velocity shots onto a metallic target is the
creation of a thin layer of high magnitude compressive
residual stress at or near the metal surface, which is balanced
by a small tensile stress in the deeper core. As it is well
known, most fatigue failures and stress corrosion failures
normally start at or near the surface stressed in tension.
Therefore, by reducing the net tensile stresses at and near the
surface of the component, fatigue crack initiation and stress
corrosion can be delayed, improving the fatigue life of the
component treated.

Il. CONCLUSION

Shot peening process has many process parameters that are to
be controlled. Control of multiple variables manually makes
it complex to get required peening intensity. For designing
the mechanism parameters like stand-off distance between
nozzle and work piece surface, angle of attack and peening
time are critical among all. In case of gears it adds more
complexity to the process. Angle of attack should be
perpendicular to the gear surface. So, nozzle should be
adjusted according to dimension of the gear. The work piece
is to be oriented to get required angle of attack and stand-off
distance. It requires a manipulator that can reorient nozzle as
per the requirement. It will eliminate movement and rotation
of work piece. It demands requirement of automated
mechanism which controls the movement of nozzle and can
make process unattended.
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