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Abstract:

Shot peening is a surface enhancement
technique that has been utilized in various
industries for many decades. This review article
aims to provide a comprehensive overview of the
historical development and evolution of shot
peening. Starting from its origins, we explore the
early applications of shot peening and its
significance in improving material properties and
component performance. The article further
discusses the advancements in shot peening
technology and the various parameters that have
been refined over time to optimize its effectiveness.
The evolution of shot peening processes and
equipment is examined, along with a focus on how
modern research has expanded its applications into
new industries and novel materials. Through a
comprehensive analysis of historical records and
technical literature, this review offers valuable
insights into the continuous progress of shot
peening and its remarkable journey from a
rudimentary process to a sophisticated surface
treatment technique.
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I. Introduction

A. Definition and significance of shot peening as
a surface enhancement process

(Foucher, T., & Gibson, W. (2003). Shot
peening is a surface enhancement process that
involves bombarding the surface of a workpiece
with small, spherical media, commonly known as
"shots," at high velocities. The impact of these
shots induces beneficial compressive residual
stresses in the material, leading to improved fatigue
life, strength, and performance. This mechanical
surface treatment method is widely used to enhance
the durability and reliability of critical components
in various industries, including aerospace,
automotive, and manufacturing. The significance
of shot peening lies in its ability to mitigate material
fatigue and stress-related failures, thereby
extending the lifespan of components subjected to
cyclic loading. By inducing compressive stresses
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and microstructural changes, shot peening offers a
cost-effective and efficient solution for enhancing
the mechanical properties of materials, making it a
critical surface treatment method in modern
engineering.

B. Purpose and objectives of the review article

The purpose of a this review article on
"Historical Development and Evolution of Shot
Peening” is to provide a comprehensive and in-
depth overview of the origins, early applications,
and the evolution of shot peening over time. This
review aims to gather and synthesize existing
literature, research, and historical information
related to shot peening to create a valuable resource
for researchers, engineers, and practitioners in the
field. By systematically analyzing the historical
context and technological advancements, the
review article seeks to shed light on the significant
milestones and breakthroughs that have shaped shot
peening into a critical surface enhancement
process.

The main objectives of the review article are:

1. Historical Exploration: To trace the origins
of shot peening back to its early use in the aviation
industry and examine how the technique has
evolved since its inception.

2. Technology Advancements: To highlight
the advancements in shot peening equipment,
machinery, and processes over the years, and to
discuss how these improvements have contributed
to its widespread application across various
industries.

3. Diverse Applications: To explore the
diverse range of industrial applications where shot
peening has been employed, including aerospace,
automotive, manufacturing, oil and gas, power
generation, and medical devices.

4. Impact and Significance: To assess the
impact of shot peening on improving material
properties, enhancing component durability, and
extending the lifespan of critical parts subjected to
cyclic loading.
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5. Challenges and Future Prospects: To
identify the current challenges and limitations in
shot peening implementation and to propose
potential areas for further research and
development in the field.

I1. Early Origins of Shot Peening

(Foucher, T., & Gibson, W. (2003). The
early origins of shot peening can be traced back to
the early 20th century, particularly during the
advent of aviation. As aircraft components were
subjected to repeated cyclic loading, material
fatigue became a significant concern for the
aerospace industry. In response to this challenge,
Max B. Basserman, a German engineer, is credited
with pioneering one of the earliest shot peening
processes in 1928. Basserman recognized the
potential benefits of using small spherical particles,
known as "shots,” to enhance material properties,
especially in components subjected to cyclic
loading. These early applications in the aviation
industry marked the beginning of shot peening as a
surface enhancement process, eventually leading to
its widespread use in various industries today

A. Recognition of material fatigue challenges in

early 20th-century aviation

(Horan, E., Fitzpatrick, D., & Byrne, G. (2012)
In the early 20th century, the rapid development of
aviation brought about a crucial need for improved
aircraft performance and safety. However, early
aircraft designs faced significant challenges due to
material fatigue. Aircraft components experienced
repeated stress cycles during flight, leading to the
deterioration of materials and potential structural
failures. Recognizing the urgency to address this
issue, engineers and researchers in the aviation
industry began to explore solutions to enhance the
fatigue life of critical components. This recognition
of material fatigue challenges in early aviation
played a pivotal role in the development and
eventual adoption of shot peening as a surface
enhancement process to improve the durability and
reliability of aircraft components
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B. Max B. Basserman's pioneering shot peening

process (1928)

Initial applications in the aerospace industry to

improve fatigue life

(Foucher, T., & Gibson, W. (2003). In 1928,

Max B. Basserman, a pioneering German engineer,
made a significant contribution to the development
of shot peening by patenting one of the earliest shot
peening  processes. Basserman's innovative
technique involved bombarding the surface of
materials with small, spherical particles, known as
"shots,” at high velocities. This process induced
beneficial compressive residual stresses in the
material, enhancing its resistance to fatigue and
stress-related failures. The aerospace industry
quickly recognized the potential of Basserman's
shot peening process to address the challenges of
material fatigue in early aviation. As a result, shot
peening found its initial applications in the
aerospace sector to improve the fatigue life of
critical aircraft components, such as landing gears,
engine parts, and wings. These early applications of
shot peening in the aviation industry marked the
beginning of its widespread use as a surface
enhancement process in various industries

I11. Advancements in Shot Peening Technology

Advancements in shot peening technology
have played a crucial role in transforming the
surface enhancement process into a sophisticated
and efficient technique. Over the years, shot
peening equipment and machinery have evolved
significantly to achieve higher precision and
productivity. The introduction of airblast machines,
wheel machines, and robotic shot peening systems
has revolutionized the process, allowing for more
controlled and consistent peening operations.
Additionally, a deeper understanding of shot-
material interactions, supported by materials
science research and computational modeling, has
enabled engineers to optimize shot peening
parameters and tailor the treatment to specific
material and component requirements. The
establishment of industry standards and guidelines,
such as SAE AMS2430 and 1SO 9001, has further
ensured the consistent quality and reliability of shot
peening treatments across various sectors. These
advancements have solidified shot peening as a
Copyrights @Kalahari Journals

critical surface treatment method, offering
improved material properties, extended component
lifespan, and enhanced performance in a wide range
of industrial applications.

A. Evolution of shot peening equipment
and machinery

1. Airblast machines

(Lee, J.,, & Bae, K. (2001). Airblast
machines are a type of shot peening equipment that
plays a significant role in the surface enhancement
process. These machines utilize compressed air to
propel small spherical particles, known as "shots,"
onto the surface of a workpiece. The impact of the
shots induces compressive residual stresses, which
enhance the material's fatigue resistance and
performance. Airblast machines come in various
configurations, such as manual or automated
systems, allowing for precise control over the
peening process. They are widely used in industries
like aerospace, automotive, and manufacturing,
where critical components require improved
durability and reliability. The efficiency and
versatility of airblast machines have contributed to
the widespread adoption of shot peening as a cost-
effective and efficient surface treatment method

2. Wheel machines

(Foucher, T., & Gibson, W. (2003).
Wheel machines are another type of shot peening
equipment commonly used in the surface
enhancement process. These machines feature a
rotating wheel that propels the small spherical
particles, or shots, onto the workpiece's surface.
The wheel's rotation allows for continuous and
controlled peening, ensuring uniform coverage and
consistent compressive residual stresses. Wheel
machines are often preferred for high-volume
production and large-scale applications due to their
efficiency and productivity. They find extensive
use in industries such as automotive,
manufacturing, and aerospace, where components
require enhanced fatigue resistance and improved
mechanical properties. The versatility and
reliability of wheel machines have made them an
integral part of shot peening processes across
diverse industrial sectors
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3. Robotic shot peening systems

(Boucher, M. A., & Kirk, T. (2018). Robotic shot
peening  systems represent a significant
advancement in the shot peening process,
combining automation and precision to achieve
optimal surface enhancement results. These
systems utilize robotic arms equipped with peening
nozzles to precisely control the movement and
positioning of shots on the workpiece's surface. The
robotic control ensures consistent coverage and
accurate targeting of critical areas, resulting in
improved fatigue resistance and performance of
components. Robotic shot peening systems offer
several advantages, such as reduced operator
fatigue, increased repeatability, and the ability to
handle complex geometries. These systems find
applications in  industries  with intricate
components, such as aerospace, automotive, and
medical devices, where precise and controlled shot
peening is crucial

B. Understanding shot-material interactions

1. Materials science research and insights

(Wang, J., & He, Y. (2007). Materials science
research and insights have played a pivotal role in
advancing the understanding and optimization of
shot peening processes. Through extensive
studies, researchers have gained valuable insights

into the underlying mechanisms of shot-material 1.

interactions during peening. Computational
modeling and simulations have been employed to
analyze the effects of various peening parameters
on material properties, such as residual stress
distribution and microstructural changes. These
insights have allowed engineers to tailor shot
peening treatments to specific materials and
components, optimizing their fatigue resistance
and performance. Additionally, materials science
research has contributed to the development of

new shot materials with enhanced properties,2

further expanding the capabilities of shot peening
as a surface enhancement process

2. Computational modeling and simulations

(Wang, J., & He, Y. (2007). Computational
modeling and simulations have become powerful
tools in the field of shot peening, enabling
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researchers and engineers to gain valuable insights
into the complex dynamics of the process.
Through these advanced techniques, the behavior
of shots impacting the material surface can be
analyzed and optimized for specific applications.
Finite element modeling (FEM) is commonly
employed to simulate the peening process and
predict the resulting residual stress distribution
and material response. These simulations help in
understanding how different shot peening
parameters, such as shot size, velocity, and
coverage, influence the material's mechanical
properties and fatigue behavior. By utilizing
computational modeling and  simulations,
researchers can effectively design shot peening
treatments that maximize the desired compressive
stresses while minimizing potential risks of
material damage. This approach has led to
significant advancements in shot peening
technology and has further enhanced the precision
and efficiency of the process

C. Standardization and industry guidelines
Standardization and industry guidelines play a
crucial role in ensuring the consistent quality and
reliability of shot peening processes across
different sectors. Two prominent standards are
widely recognized in the shot peening industry:

SAE AMS2430: This standard, developed by the
Society of Automotive Engineers (SAE), provides
detailed requirements and guidelines for the shot
peening of metal parts. It covers aspects such as
shot material specifications, peening intensity,
coverage, and control of process parameters.
Compliance with SAE AMS2430 ensures that shot
peening treatments meet rigorous industry
standards and deliver the desired material
properties and performance.

ISO 9001: As part of the International
Organization for Standardization (ISO) series, 1ISO
9001 outlines requirements for a quality
management system (QMS) that organizations
must follow to ensure consistent and reliable
processes and services. Implementing 1SO 9001 in
shot peening facilities helps establish a systematic
approach to process control, documentation, and
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continuous improvement, ultimately leading to
enhanced customer satisfaction and confidence in
the shot peening services.

IV. Diverse Industrial Applications of Shot
Peening

A. Aerospace industry applications

1. Enhancing fatigue resistance in aircraft
components

(Boucher, M. A., & Kirk, T. (2018). Enhancing
fatigue resistance in aircraft components is a
critical application of shot peening in the
aerospace industry. Aircraft components, such as
landing gears, engine parts, and wings, are
subjected to cyclic loading during flight, which
can lead to material fatigue and failure. Shot
peening induces compressive residual stresses on
the component's surface, effectively counteracting
the tensile stresses caused by cyclic loading. This
compressive stress helps to inhibit crack initiation
and propagation, enhancing the material's fatigue
life. Research and practical applications have
shown that shot peening can significantly increase
the fatigue strength and durability of aircraft
components, contributing to improved safety and

reliability in aviation

2. Extending the service life of landing gears,
engine parts, and wings

(Boucher, M. A., & Kirk, T. (2018). Extending the
service life of landing gears, engine parts, and
wings is a crucial objective in the aerospace
industry, and shot peening has proven to be an
effective technique in achieving this goal.
Research and practical applications have shown
that shot peening introduces beneficial
compressive residual stresses on the surface of
these critical aircraft components, which
significantly improves their fatigue resistance and
resistance to stress-related failures. This process
helps to mitigate crack initiation and propagation,
thereby enhancing the components' durability and
extending their operational lifespan. Studies have
demonstrated that shot peening can extend the
service life of landing gears, engine parts, and
wings, reducing the frequency of maintenance and
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replacement, and ultimately contributing to
improved safety and reliability in aviation

B. Automotive industry applications
Improving engine components, suspension
systems, and transmission gears

(Lee, J., & Bae, K. (2001). Improving engine
components, suspension systems, and
transmission gears is a key application of shot
peening in the automotive industry. These critical
components are subjected to high stresses and
wear during operation, leading to potential fatigue
failure. Shot peening is used to introduce
compressive residual stresses on the surface of
engine parts, suspension components, and
transmission gears, enhancing their fatigue
resistance and mechanical properties. Research
has shown that shot peening significantly
improves the fatigue strength of these
components, extending their service life and
reducing the risk of failure. By implementing shot
peening in automotive manufacturing,
manufacturers can enhance the durability and
reliability of engine components, suspension
systems, and transmission gears, contributing to
improved vehicle performance and safety

C. Manufacturing and heavy machinery
applications

(Lee, J., & Bae, K. (2001). Manufacturing and
heavy machinery applications are prominent areas
where shot peening has found widespread use.
Shot peening is employed to improve the fatigue
resistance and strength of various industrial
components subjected to high cyclic loading and
wear. Gears, springs, shafts, and other critical
parts in heavy machinery are susceptible to fatigue
failure due to repeated stresses during operation.
By applying shot peening, compressive residual
stresses are induced on the component's surface,
increasing its resistance to fatigue and stress-
related failures. Research and practical
implementations have shown that shot peening
enhances the mechanical properties of these
components, leading to increased reliability and
extended service life in manufacturing and heavy
machinery sectors
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1. Strengthening gears, springs, and shafts

(Lee, J., & Bae, K. (2001). Shot peening plays a
significant role in strengthening gears, springs,
and shafts in various industrial applications.
Gears, springs, and shafts are critical components
in machinery and equipment, often subjected to
high cyclic loads and wear. Shot peening
introduces  beneficial compressive residual
stresses on the surface of these components,
effectively counteracting the tensile stresses
induced during operation. This process enhances
the fatigue resistance and mechanical properties of
gears, springs, and shafts, reducing the risk of
fatigue failure and extending their service life.
Research and practical implementations have
demonstrated that shot peening is an effective
surface enhancement technique for strengthening
these components, contributing to improved
reliability and performance in various industries

2. Enhancing resistance to fatigue, wear, and
stress-related failures

(Foucher, T., & Gibson, W. (2003). Enhancing
resistance to fatigue, wear, and stress-related
failures is a fundamental objective of shot peening
in various industries. Shot peening introduces
compressive residual stresses on the surface of
components, which improve their resistance to
cyclic loading and fatigue. Additionally, this
surface treatment technique creates a hardened
layer that enhances the component's wear
resistance, reducing the risk of surface damage and
wear-related failures. The compressive stresses
induced by shot peening also help counteract
tensile stresses during operation, minimizing the
potential for stress-related failures. The combined
effects of enhanced fatigue resistance, improved
wear resistance, and reduced stress-related failures
make shot peening a valuable surface
enhancement method in industries such as
aerospace, automotive, manufacturing, and more

D. Shot peening in other industries

1.Shot peening has found valuable applications in
other industries beyond aerospace and automotive,
providing enhanced material properties and improved
performance in diverse sectors.
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2 Oil and Gas: In the oil and gas industry, critical
components like drill pipes, valves, and wellheads
are exposed to harsh and corrosive environments.
Shot peening is used to improve the fatigue
resistance and corrosion resistance of these
components, ensuring their reliability and
longevity in demanding oil and gas operations
(Zhang, S., & Zhu, S. (2009).

3 Power Generation: Shot peening is applied to
components in power generation equipment,
including turbines and steam valves. By enhancing
the fatigue resistance and durability of these parts,
shot peening contributes to the overall efficiency
and reliability of power generation systems,
ensuring stable and continuous operation
(Boucher, M. A., & Kirk, T. (2018).

4 Medical Devices: Shot peening is used in the
medical device industry to enhance the fatigue
resistance and biocompatibility of implants and
prosthetics. By improving the mechanical
properties of medical components, shot peening
contributes to the longevity and performance of
medical devices, ensuring their suitability for
long-term use in patients (Suh, Y. S., Moon, J., &
Kang, D. H. (2016).

In these industries, shot peening has
proven to be a reliable and effective surface
enhancement process, extending the lifespan and
improving the performance of critical components
in challenging and demanding environments.

V. Key Milestones in Shot Peening Evolution

A. Major breakthroughs and innovations in shot
peening technology:

(Lee, J., & Bae, K. (2001).Throughout its
evolution, shot peening has witnessed several
major breakthroughs and technological
innovations. One significant advancement was the
development of airblast machines, which allowed
for more controlled and efficient shot peening
operations. Additionally, the introduction of wheel
machines and robotic shot peening systems further
improved precision and repeatability in the peening
process. These advancements revolutionized shot
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peening, making it a more widely adopted and
versatile surface enhancement technique

B. Notable research findings and contributions
to the field:

(Wang, J., & He, Y. (2007). Research
efforts have led to valuable insights into the
mechanisms of shot peening and its effects on
material properties. Computational modeling and
simulations have played a crucial role in analyzing
shot-material interactions and optimizing shot
peening parameters. Notably, research studies have
revealed the importance of shot size, velocity, and
coverage in determining the resulting residual
stresses and material responses. These findings
have contributed to the development of customized
shot peening treatments for specific materials and
components

C. Technological advancements driving shot
peening's broader adoption:

“The standardization of shot peening processes and
the establishment of industry guidelines, such as
SAE AMS2430 and ISO 9001, have been
instrumental in promoting shot peening's broader
adoption across various industries. These standards
ensure consistent quality, process control, and
reliability in shot peening treatments. Additionally,
advancements in materials science research have
contributed to the development of new shot
materials with enhanced properties, further
expanding shot peening's application range and
driving its adoption in different sectors (ISO 9001.:
Quality Management Systems - Requirements).

VI. Impact and Significance of Shot Peening
Evolution

A.lmproving  material and
performance:

(Lee, J., & Bae, K. (2001).The evolution of shot
peening has had a significant impact on improving
material properties and performance in various
industries. By inducing beneficial compressive
residual stresses on the surface of components,
shot peening enhances their fatigue resistance,
wear resistance, and overall ~mechanical

properties. This leads to improved durability and
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properties

performance of critical parts in aerospace,
automotive, and manufacturing sectors.

B. Extending the lifespan of critical
components:

(Boucher, M. A., & Kirk, T. (2018). One of the
key contributions of shot peening evolution is its
ability to extend the lifespan of critical
components. By mitigating the effects of cyclic
loading and reducing the risk of fatigue failure,
shot peening prolongs the operational life of
components, such as landing gears, engine parts,
and transmission gears in aerospace and
automotive applications. This extension of service
life results in reduced maintenance costs and
increased equipment reliability.

C. Enhancing safety and reliability in various
industries:

(Zhang, S., & Zhu, S. (2009). The evolution of
shot peening has had a profound impact on
enhancing safety and reliability in various
industries. By strengthening critical components
and reducing the risk of fatigue, wear, and stress-
related failures, shot peening has contributed to
improved safety standards in aerospace, oil and
gas, power generation, and other sectors. The
enhanced performance and reliability of
components have resulted in safer and more
efficient operations in these industries.

VII1. Challenges and Limitations

D. Residual stress management and control:
(Zhang, S., & Zhu, S. (2009). One of the
significant challenges in shot peening is the
management and control of residual stresses
induced on the component's surface. While
compressive residual stresses are beneficial in
enhancing fatigue resistance, improper control or
excessive residual stresses can lead to surface
deformation, distortion, or even cracking.
Achieving the desired residual stress distribution
requires careful optimization of shot peening
parameters, such as shot size, velocity, coverage,
and peening angle. Ensuring uniform and
controlled residual stress profiles remains a critical
consideration in shot peening applications.
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E. Surface and subsurface integrity
considerations:

(Suh, Y. S., Moon, J., & Kang, D. H. (2016). Shot
peening can introduce surface roughness and alter
the subsurface microstructure of components. In
certain cases, excessive peening may lead to work
hardening or residual tensile stresses near the
surface, affecting the component's overall
integrity. Surface quality and subsurface damage
must be carefully assessed to prevent potential
issues with corrosion, crack initiation, or reduced
fatigue life. Proper control of shot peening
parameters and post-peening surface treatments
are essential to maintain the desired surface and
subsurface.

F. Environmental and economic factors:
(Zhang, S., & Zhu, S. (2009).While shot peening
offers significant benefits in enhancing material
properties and extending component lifespan,
there are environmental and economic
considerations to address. Shot peening generates
waste materials in the form of used shots and dust,
which require appropriate disposal or recycling
methods. Moreover, the high-energy consumption
of shot peening processes can have economic
implications, particularly in large-scale industrial
applications. Balancing the environmental impact
and cost-effectiveness of shot peening remains an
ongoing challenge, and research efforts focus on
optimizing shot peening techniques to reduce
waste and energy consumption.

VIIl. Future Directions and Research

Opportunities

G.Potential areas for further development
and improvement:

(Wang, J., & He, Y. (2007).The future of shot
peening lies in advancing the understanding of
shot-material interactions and optimizing the
peening process further. Research can focus on
developing advanced computational models and
simulations to predict the residual stress
distribution more accurately. Additionally,
investigating novel shot materials and exploring
innovative shot peening techniques, such as laser
peening or ultrasonic peening, offer opportunities
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to enhance the effectiveness and versatility of the

H.Exploring novel applications and
industries for shot peening:

(Foucher, T., & Gibson, W. (2003). The
application of shot peening can be expanded to
new industries and components that can benefit
from enhanced material properties and improved
performance. Exploring shot peening in additive
manufacturing, composites, and biomaterials
could open up new opportunities for surface
enhancement in emerging technologies and
sectors.

I. Addressing challenges and barriers in shot
peening implementation:

(Zhang, S., & Zhu, S. (2009). Efforts to address
challenges in shot peening implementation can
focus on refining process control and surface
quality  assessments.  Developing in-situ
monitoring techniques and sensors to ensure
consistent and reliable peening results could
enhance process optimization and reduce the risk
of over-peening or under-peening. Moreover,
research into eco-friendly shot peening methods
and recycling used shots can contribute to
minimizing environmental impacts and reducing
waste generation.

By exploring these future directions
and research opportunities, shot peening can
continue to evolve as a reliable and essential
surface enhancement process, offering benefits
across a wide range of industries and applications.

IX. Conclusion

A. Recapitulation of the historical
development and evolution of shot peening:
Shot peening has a rich and
fascinating history that can be traced back to the
early 20th century. It originated as a response to
the challenges of material fatigue faced in the
aviation industry. Over the years, significant
advancements and breakthroughs have been made
in shot peening technology, from the introduction
of airblast machines to the development of wheel
machines and robotic shot peening systems.
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Research in materials science has provided
valuable insights into shot-material interactions,
leading to optimized peening parameters and
enhanced material properties. Standardization and
industry guidelines have further ensured the
consistent quality and reliability of shot peening
treatments.

B. Key takeaways on the significance and
impact of the technique:

Shot peening has emerged as a critical surface
enhancement process with diverse industrial
applications. By introducing  beneficial
compressive residual stresses, shot peening
improves the fatigue resistance, wear resistance,
and mechanical properties of critical components.
It extends the service life of aircraft components,
automotive parts, and machinery, reducing
maintenance costs and enhancing safety and
reliability in various industries. Shot peening's
evolution has resulted in better process control,
precision, and efficiency, making it an
indispensable technique in modern engineering.

C. Closing remarks on the future outlook of

shot peening as a critical surface treatment
method:
As shot peening continues to evolve, there are
promising  future  directions for  further
development and improvement. Advanced
computational modeling, exploration of novel shot
materials, and research into emerging applications
offer opportunities for continued enhancement and
versatility. Addressing challenges related to
residual stress control, surface integrity, and
environmental impact will be essential for the
sustainable and eco-friendly implementation of
shot peening. With ongoing research and
innovation, shot peening is poised to remain a
crucial surface treatment method, contributing to
the advancement of materials engineering and the
reliability of critical components in various
industries.
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