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[17 Serhii Plokhy — Chernobyl: History of a Nuclear Catastrophe
Basic Books, 2018.

[2] Journal of Radiological Protection — Articles on Chernobyl
Peer-reviewed papers on radiation effects and safety.

[3]1 TAEA — Chernobyl Reports (1986-1991)

Official reports by the International Atomic Energy Agency.

[4] UNSCEAR - 2000 Report

UN Scientific Committee on the Effects of Atomic Radiation.

[5] Declassified Soviet Archives — KGB & Communist Party
Documents

Post-1991 documents on the Chernoby! disaster.
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[5] Wikipedia — en.wikipedia.org

[6] Inspenet — inspenet.com
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Third Industrial Revolution — Digital Era
(from the 1970s onwards)

The introduction of computers in industry, develop-
ment of CAM/CAD systems, CNC machines, and indus-
trial automation.

(Page 7 - Figure 1)

Fourth Industrial Revolution — Smart and
Digital Manufacturing (Industry 4.0)

The advent of Internet of Things (IoT), artificial intel-
ligence, big data, and augmented reality in production
processes. This era enables digital manufacturing and
harnessing Al for greater productivity.

(Page 7 - Figure 2)
(Page 7 - Figure 3)

Comparison with Solid Design and Heat &
Fluid Branches

Solid Design Branch: Focuses on the design and anal-
ysis of parts, with a stronger emphasis on theory and an-
alytical work.

Heat and Fluid Branch: Focuses on thermal and fluid
systems; mostly involves modeling and energy analysis.

Manufacturing and Production Branch: Focuses on
physical manufacturing and production processes but in-
tegrates both theoretical and practical knowledge; in oth-
er words, it is the realization of a designed product into
practice through control of production methods, manu-
facturing processes, and optimization.

(Page 7 - Figure 4)

Advantages:

v/ Wide and diverse job market

+/ Combination of theoretical knowledge and practical
skills

+/ Opportunities to work on diverse projects

+/ Possibility of continuing education and specializa-
tion in modern fields

v/ Key role in improving productivity and reducing
costs

Challenges:

+/ Requires practical experience and presence in in-
dustrial environments

+/ Physical work and harsh working conditions de-
manding strong physical fitness for many practical tasks

Quarterly Journal Issue 2 Spring 202

+/ Time pressure and responsibility for rapid prob-

lem-solving in production
+/ Need for continuous updating of knowledge
+/ Coordination with various teams

Purpose of Establishing the Manufacturing
and Production Branch in Universities

The Manufacturing and Production branch, as a spe-
cialized field within Mechanical Engineering, was estab-
lished to provide skilled human resources for industrial
and production processes. In recent years, admission to
this branch was usually through choosing Mechanical
Engineering with a Manufacturing and Production focus
at the undergraduate level, while graduate-level studies
allowed specialization in this branch.

However, over the past 4 to 5 years (depending on uni-
versity policies), Manufacturing and Production has been
offered as an independent undergraduate major with a
separate program code, in addition to its availability as a
master’s specialization. This branch strives to bridge the
gap between engineering design and industrial manufac-
turing, training individuals who possess both a technical
understanding of manufacturing processes and the ability
to analyze, optimize, and implement them in industry.

Educational Objectives of Universities:

P Teaching the principles of manufacturing process de-
sign

P Training specialists in working with traditional ma-
chine tools and CNC machines

P Teaching engineering software for manufacturing and
industrial design

P Establishing connections with industry and conduct-
ing industrial and field projects

P Learning quality control and geometric and dimen-
sional tolerancing

» Preparing students for entry into advanced
production systems
Main and Specialized Courses of the Manu-
facturing and Production Branch

During their studies, students in the Manufacturing
and Production branch become familiar with a set of spe-
cialized and practical courses that provide the essential
scientific and skill foundations needed for entering the
industry.

Basic and Preliminary Courses:
P Statics and Strength of Materials
P Thermodynamics and Heat Transfer

(1

liable and up-to-date sources and under the esteemed academic

\

his article has been compiled and prepared with reliance on re-

guidance of Dr. Vahid Pouyafar, a distinguished faculty member
of the University of Tabriz. His invaluable insights and construc-
tive contributions have played a significant role in enriching the

scientific content and enhancing the overall quality of this work.

Dr. Vahid Pouyafar

Faculty Member of the University of Tabriz

.

The Manufacturing and Production branch is one of
the main specializations within Mechanical Engineering
that focuses on the study, analysis, and design of manu-
facturing processes for industrial parts and products. This
branch places special emphasis on production technolo-
gies, optimization methods in manufacturing, machining,
and the design of production systems. It establishes the

relationship between production parameters and the final
part.

Manufacturing and Production plays a vital role in the
industrial supply chain, aiming to improve quality, reduce
costs, and enhance the efficiency of production process-
es. According to experts, Manufacturing and Production
is considered an interdisciplinary field where graduates
become specialized engineers responsible for selecting
the best manufacturing methods, designing production
processes, and optimizing production lines.

To put it more tangibly, this branch serves as a bridge
between engineering design and industrial manufactur-
ing—a link between the design engineer and the final
product.

While Manufacturing and Production is a recognized
engineering discipline, unfortunately in recent years the
establishment of applied science centers, technical and
vocational schools, and private institutions has led to
training operators as part of the industrial manufacturing
workforce under the name of Manufacturing Engineer-
ing. This situation harms the reputation of the discipline.
Hopefully, the Ministry of Science and the Educational

\ All Pourmohaiﬁﬁ; iﬁmamiyeh

: .:\‘," . B.Sc. student in Mechanical Engineering,
W University of Tabriz

Testing Organization will find solutions to address this

issue.

History

Manufacturing and Production, as a key branch of Me-
chanical Engineering, has deep roots in human history.
From the time humans made primitive tools by hand and
stone, through the Industrial Revolution, to the present
day with advanced technologies such as 3D printing and
smart manufacturing, the evolution of this field has al-
ways contributed to the progress of human civilization.

In ancient civilizations like Egypt, Greece, and China,
the manufacturing of tools and more complex structures
such as chariots, mechanical presses, and basic power
transmission systems gradually developed.

First Industrial Revolution (18th century)

This period marked the beginning of significant trans-
formation in industrial production. The invention of the
steam engine by James Watt and the rise of factories initi-
ated mass production. Early machine tools like lathes and
milling machines were developed and parts standardiza-
tion began.

Second Industrial Revolution (late 19th and
early 20th centuries)

The growth of electricity, steel production, internal
combustion engines, and new technologies expanded
industries. Henry Ford revolutionized mass production
with the assembly line in his automobile factory.

World Wars and Advances in Metallurgy and
Machining

The two World Wars increased the demand for mass
production of precise weapons and equipment, which led
to the development of automated machine tools and more
accurate technologies.
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we introduce the subfields of Manufacturing and Produc-
tion in which students and faculty members of the Uni-
versity of Tabriz are engaged at the postgraduate level as
well as in their research activities:

Machining:

Machining is one of the fundamental and oldest meth-
ods in manufacturing processes, in which the workpiece
is shaped and formed by means of a cutting tool until the
desired dimensions and geometry are achieved. This pro-
cess is based on the removal of material from the surface
of the workpiece. In general, machining can be divided
into two categories: traditional machining (such as turn-
ing, grinding, etc.) and advanced machining (such as
EDM, USM, etc.). Machining itself involves various pro-
cesses, which will be further discussed in the following
sections.

Welding:

Welding is one of the most important processes for the
permanent joining of metals and certain plastics, in which
two or more parts are fused together by means of heat,
pressure, or a combination of both. The resulting weld
can achieve a strength equal to or even greater than that
of the base metal. Welding itself includes several sub-
fields and applications, such as: arc welding, resistance
welding, underwater welding (discussed in detail in later
sections), gas welding, solid-state welding, and advanced
methods (laser, electron beam, etc.).

Casting:

Casting is one of the oldest and most widely used meth-
ods for producing metal components. In this process,
molten metal is poured into a mold and, after solidifica-
tion, takes the shape of the mold cavity. This technique
makes it possible to manufacture large and heavy parts.

Casting methods include sand casting, die casting, in-
vestment casting, centrifugal casting, shell molding, con-
tinuous casting, vacuum casting, and others.

Forming:

Forming is a process in which the workpiece is shaped
into the desired geometry and dimensions without mate-
rial removal (unlike machining), but rather through the
application of force. This deformation generally occurs
in the plastic state of the metal (permanent deformation).
According to the principle of mass conservation, the mass
of the material does not change during the process, while
the strength of the metal increases after deformation, of-
ten resulting in cold working.

In general, forming processes are divided into two
main categories: bulk deformation processes and sheet
metal forming processes. More specifically:
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Bulk deformation processes: rolling, forging, extru-
sion, and drawing, etc.

Sheet metal forming processes: bending, shearing,
deep drawing, roll forming, hydroforming, etc.

3D Printing:

Three-dimensional (3D) printing is an additive man-
ufacturing process, meaning that instead of material re-
moval or melting and casting, the part is built layer by
layer. A 3D model of the part is first created using CAD
(Computer-Aided Design) software, and then the printer
fabricates it using various materials. This technique en-
ables the production of complex geometries that are dif-
ficult or even impossible to achieve through traditional
manufacturing methods.

Key advantages of 3D printing include rapid prototyp-
ing, minimal material consumption, and high flexibility
in design modification.

Coating:

Coating refers to the application of a protective or
decorative layer on the surface of a workpiece (metallic,
polymeric, ceramic, etc.) to enhance surface properties
such as resistance to corrosion, wear, heat, or even for
aesthetic purposes. The main objectives of coating in-
clude: increasing corrosion resistance, improving wear
resistance, enhancing appearance, and imparting specific
properties such as conductivity or friction control. These
improvements contribute to longer service life, better ap-
pearance, and the possibility of combining multiple func-
tional properties in a single component.

Coating processes can be categorized into: mechanical
and chemical coatings, physical vapor deposition, thermal
coating, and specialized coatings including nanocoatings.

Destructive Testing:

Destructive testing refers to experiments in which a
specimen is subjected to loads or conditions that ulti-
mately cause permanent deformation or fracture. Conse-
quently, the tested part cannot be used afterward. These
tests are employed to evaluate the mechanical, physical,
and metallurgical properties of materials.

Some of the most important destructive tests include:
tensile testing, hardness testing, impact testing, bending,
fatigue, creep, hardenability, and metallography.

The subfields of Manufacturing and Production dis-
cussed above represent key and practical areas within this
discipline; however, this does not imply that the field is
limited solely to these areas. Accordingly, faculty mem-
bers and students at the University of Tabriz also engage
in research and activities in other areas, providing signif-
icant contributions to the academic and scientific com-
munity.

P Fluid Mechanics
P Engineering Mathematics and Differential Equations

Core Specialized Courses:
P Machining Technology
» Machine Tools
P Advanced Manufacturing Methods
P Casting
P Design of Molds, Jigs, and Fixtures
» Heat Treatment
» CAD/CAM Systems
» CNC Programming
P Quality Control and Metrology
P Production Planning and Control
P Industrial Automation and Robotics

Practical and Workshop Courses:

» Machining and Machine Tools Workshops

P Quality Control and Metallurgy Laboratory

P Internships in Various Industries

P Practical Projects and Design of Molds and Produc-
tion Processes

Hard and Soft Skills Required for Students

Manufacturing and Production engineering requires, in
addition to technical and specialized knowledge, a set of
both hard and soft skills.

Hard Skills:
P Proficiency in engineering and design software (CAD,
CAM, ANSYS, etc.)
P Ability to program and operate CNC machines
P Knowledge of manufacturing processes and materials
P Quality control and measurement
P Production planning and project management

(Page 8 - Figure 5)

Soft Skills:
P Teamwork ability
P Problem-solving and analytical thinking
P Creativity and innovation
P Communication and report writing skills
P Flexibility and continuous learning

Research and Innovation Areas in Manufac-
turing and Production

This field is dynamic and continuously evolving, bene-
fiting from new technologies and research.

et a6 ((fﬁ?

¥ /36

Key Research Areas:
P Additive Manufacturing (3D Printing)
P Advanced Machining and Precision Processes
P Industrial Automation and Robotics
P Advanced Materials and Metallurgy
P Intelligent and Digital Production Systems
P Green and Sustainable Manufacturing
P Design for Assembly and Manufacturing (DFA/DFM)

Job Market and Career Opportunities for
Graduates

Graduates of this field have a wide range of job oppor-
tunities in diverse industries.

Main Sectors:

Automotive Industry / Aerospace Industry / Oil, Gas,
and Petrochemical Industry / Defense and Military Indus-
try / Medical Industry / Manufacturing Plants and Work-
shops / Design and Engineering Companies

(Page 9 - Figure 6)
(Page 9 - Figure 7)

Common Jobs:

Process Engineer / Production Engineer / Quality Con-
trol Engineer / Production Planner / Production Line
Manager / CNC Specialist and Machine Programmer /
Mold and Tool Design Specialist / Consultant and Re-
searcher

Considering the rapid growth and advancement in the
modern industrial sector, this specialization is no excep-
tion and is expected to follow these key trends:

Key Trends:

Smart Manufacturing and Smart Factories / Additive
Manufacturing and 3D Printing / Advanced Automation
and Robotics / New Materials Technologies and Nano-
technology / Sustainable and Environmentally Friend-
ly Manufacturing / Artificial Intelligence and Machine
Learning

Engineers in this field must continuously update their
knowledge and skills to actively participate in these trans-
formations.

Subfields of the Manufacturing and Produc-
tion Engineering:

As mentioned in previous texts, Manufacturing and
Production is one of the main fields of Mechanical Engi-
neering, which itself encompasses several subfields and
scientific areas related to this discipline. In this section,
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Introduction to Manufacturing Processes

Manufacturing processes are the beating heart of indus-

try and production engineering. Understanding these pro-
cesses—from traditional machining to modern methods
such as additive manufacturing—is essential for the de-
sign, fabrication, and optimization of industrial products.
In this text, we will take a comprehensive and categorized
look at various production methods.

1. Machining

Machining is a subtractive process in which the desired
shape is achieved by removing portions from a larger
workpiece. This material removal is usually done in the
form of chip cutting. Most machining methods offer high
precision and are applicable to a wide range of engineer-
ing materials. Nowadays, most machining operations are
performed using CNC/CAM systems and CAD files.

(Page 10 - Figure 8)

Various Machining Operations
The widespread use of machining in industry has led
to the development of a variety of processes. Below are
some of the most common machining operations:
e Milling and Turning: For creating flat surfaces,
grooves, or cylindrical parts.

(Page 10 - Figure 9)

* Drilling and Boring: For creating or refining holes
with greater accuracy.

* Planing: For flattening surfaces or creating grooves
simultaneously.
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(Page 11 - Figure 10)

Also, methods such as laser cutting, plasma, waterjet,
gas fuel, and Electrical Discharge Machining (EDM)
exist that perform cutting or shaping operations without
direct contact with the workpiece and are used for hard
materials or complex shapes.

Advantages of Machining:
High precision, ability to process various materials,
consistent quality, automation capability.

Disadvantages of Machining:
High initial cost, need for skilled operators, relatively
high material waste.

Machining is widely used in most industries. One of the
most important applications of machining is the manufac-
turing of industrial molds, which require high precision
and proper surface quality. It is also used as a secondary
operation to improve surface smoothness and accuracy.

2. Casting

Casting is an ancient manufacturing process in which
various molten materials are poured into a mold with the
desired shape and, after cooling, solidify into the intended
form. Manufacturers use casting to produce complex and
precise parts. Despite requiring an initial investment, this
process reduces production time and operational costs
and simplifies assembly—essentially, the part comes out

In conclusion, it is worth noting that faculty members
and students are not, and will not be, confined to the
aforementioned subfields; the scope of each academic
professional’s activities in both science and practice ex-
tends far beyond these descriptions.

Active Faculty Members in the Manufactur-
ing and Production Engineering

Dr. Vahid Pouyafar

Areas of Expertise:
. Forming Section
. Coating Section
. Semi-Solid Metallurgy
Section

N

RN 710

Academic Rank: Assistant Professor

Dr. Mommad Zadshkov-
ian

Areas of Expertise:
. Cold and Hot Forming &
Plastic Deformation Section

Academic Rank: Associate Professor

Dr. Mohammadreza
Shabgard

Areas of Expertise:
. Electrophysical Section
(EDM, LBM, EBM, etc.)

Academic Rank: Professor
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Dr. Karim Sheleshnejad

Areas of Expertise:

« Polymer Section

“
ml l Academic Rank: Professor

Dr. Maqsoud Shalvandi

Areas of Expertise:
« Machining and Ultrasonic
Section
. Coating Section

Academic Rank: Assistant Professor

Dr. Mehran Mah-
boubkhah

Areas of Expertise:
« 3D Printing Section

Academic Rank: Professor

Dr. Amir Mostafapour Asl

Areas of Expertise:
. Welding Section
. Coating Section

« Non-Destructive Testing

Section

Academic Rank: Professor
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* Difficulty controlling tolerances and springback ef-
fects
» Limitations in shaping very thick parts

The forming process is widely used in many industries
such as automotive, aerospace, and electronic parts man-
ufacturing due to its production speed and waste reduc-
tion.

4. Powder Metallurgy

Powder metallurgy is a manufacturing process in
which powdered metals are converted into solid parts un-
der pressure and heat. Due to its relative simplicity, re-
duced waste, and high capability for mass production, it
has found a special place in various industries.

(Page 13 - Figure 20)

The powder metallurgy process can be divided into
four main stages:

e Powder Production: Metal powder is produced by
grinding, crushing, or atomization.

* Mixing: Additives such as lubricants or binders are
added to the powder.

e Compaction: The powder mixture is shaped under
high pressure in a mold.

* Sintering: The compacted piece is heated at high
temperature (below melting point) so that the parti-
cles bond together.

Advantages of Powder Metallurgy:

* High efficiency with waste less than 3%

* Precise control of mechanical and physical proper-
ties

* Production of complex and precise parts without
need for machining

* Reduced need for secondary operations after produc-
tion

 Suitable for mass production with full automation
capability

Disadvantages of Powder Metallurgy:
* Size limitation of parts (usually less than 20 kg)
* Costly for low-volume production
* Non-uniform density in parts, which may affect me-
chanical properties

Powder metallurgy is used in manufacturing bearings,
gears, and small parts in the automotive industry, as well
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as producing precise, lightweight, and economical parts
in aerospace and medical industries.

5. Molding (Casting/Forming by Mold)

Molding is one of the shaping methods in which the
raw material is directed into a mold under pressure and
takes the desired shape and dimensions.

(Page 13 - Figure 21)

The variety in mold design has made this process a
convergence point of industry and creativity, enabling the
production of diverse and special shapes.

Depending on the type of part and its application, a
wide range of materials can be used in this method. How-
ever, due to the ease of the process, low cost, and high va-
riety, molding is primarily used for polymeric and plastic
materials.

Injection molding has various methods, some of which
are:

* Injection Molding: The molten material is injected

into the mold under high pressure; suitable for mass
production of complex and precise parts.

(Page 14 - Figure 21)

* Reaction Injection Molding: Reactive liquid mate-
rials are injected into the mold and harden after reac-
tion; suitable for lightweight and durable parts.

* Blow Molding: Specifically used for manufacturing
hollow parts such as bottles; the final shape is formed
by blowing air into the heated material.

(Page 14 - Figure 22)

* Compression Molding: The heated material is
placed in the mold and shaped by applying pressure;
suitable for simple and bulky parts at low cost.

(Page 14 - Figure 23)

Differences between Casting and Molding

In the manufacturing world, the terms “casting” and
“molding” are sometimes used interchangeably, but in
reality, these are two distinct processes with different ex-
ecution principles and applications. The table below out-
lines some key differences between these two methods:

of the mold ready-made. Therefore, it is suitable for mass
production.

(Page 11 - Figure 11)

Types of Casting
Technical sources describe around 14 main types of
casting. The most popular ones include:
e Sand Casting: Uses compacted sand molds; inex-
pensive and widely used, though surface quality is
moderate.

(Page 11 - Figure 12)

e Investment Casting (Lost Wax): Uses ceramic
molds with wax patterns; offers high precision and
detail.

(Page 11 - Figure 13)

¢ Die Casting: Injects molten metal into a metal mold
under high pressure; suitable for mass production
and precise parts.

* Centrifugal Casting: Suitable for hollow parts; pro-
duces more uniform structures with higher strength.

* Lost Foam Casting: Uses foam patterns that evap-
orate upon contact with molten metal; simplifies
molding without needing pattern removal.

(Page 12 - Figure 14)

Advantages of Casting
* Ability to create complex shapes and both large and
small parts
* High strength due to controlled solidification pro-
cesses
+ Partial recyclability of waste material

Disadvantages of Casting
* High cost and time required for making permanent
molds
* Low surface quality in some methods
* Possibility of internal defects such as porosity or gas
entrapment

Casting is used in various industries that require the pro-
duction of bulky, complex, or specially shaped parts. This
method, due to its capability to produce the part in a sin-
gle step, is also a suitable option for mass production with
savings in assembly time.
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3. Forming

Forming is one of the main manufacturing processes
in which the raw material is shaped into the desired form
under the influence of forces such as pressure, tension,
or bending, without adding or removing material. This
process creates plastic deformation in the material and is
mainly applied to metal sheets and ductile materials.

(Page 12 - Figure 15)

Due to low waste production, high efficiency, and im-
proved mechanical properties of the part, forming plays
an important role in various industries.

Forming has different types according to industrial
needs; some of them include:

* Forging: Applying intense pressure (usually hot) to

produce strong parts with a uniform structure.

(Page 12 - Figure 16)

e Extrusion: Forcing material through a die to produce
uniform cross-sections; commonly used in making
aluminum profiles.

(Page 12 - Figure 17)

* Rolling: Reducing thickness and increasing length
of a part by passing it between rollers; used widely
in steel sheet production.

(Page 12 - Figure 18)

* Indentation: Creating a permanent mark or shape by
pressing a shaped or pointed tool; used for hardening
or marking.

(Page 12 - Figure 19)

Advantages of Forming:
* Increased strength and grain refinement of the struc-
ture
* Much less waste compared to machining
 Suitable for high-speed mass production
» Ability to produce parts with complex geometries
without machining

Disadvantages of Forming:
* High cost of initial equipment (presses, dies, etc.)
* Limitations in formability of certain materials
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* Adhesives: Chemical bonding without damaging the
parts; suitable for certain materials.

* Nuts, bolts, and washers: Mechanical fastening that
can be disassembled; washers prevent damage and
loosening.

Joining methods are selected based on the type of ma-
terial, intended application, and operating conditions. In
many industrial products, a combination of these methods
is used to achieve strength, stability, and ease of repair.

Ultimately, various manufacturing methods, each with
their own advantages and limitations, hold an import-
ant place in industry. Correct selection based on product
type, production volume, and required precision direct-
ly affects the final quality and cost. With technological
advancements, combining these methods and leveraging
innovations has enabled the production of more complex
and highly precise parts.

But the question remains: how are products with ex-
tremely high precision and complexity, such as precision
spheres, manufactured?
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In industry, molding is used to produce components
such as high heat-resistant engine parts, lightweight and
durable components, and other engineered products.

6. Additive Manufacturing

Additive manufacturing technology, or 3D printing, is a
process contrary to machining, which adds material layer
by layer. Due to its efficiency and lower cost compared to
many traditional manufacturing methods, it is commonly
used for prototyping or limited-scale production.

(Page 14 - Figure 24)

In this process, first a three-dimensional digital model
is designed. Then, the model is divided into thin layers,
and the printer deposits the raw material layer by layer
on top of each other to create the final shape of the part.
At the end, the part is separated from the build platform.

Additive manufacturing has various types, some of
which are mentioned below:

* Binder Jetting: Bonding powder particles with a
liquid adhesive; suitable for lightweight and colored
parts.

* Directed Energy Deposition: Melting metal wire or
powder with a focused energy source; used for re-
pairing metal parts.

e Material Extrusion: Melting and layering plastic
filament; the most common method in home 3D
printers.
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* Sheet Lamination: Layer-by-layer bonding of thin
sheets using adhesive, heat, or vibration; applicable
for metal, plastic, or composites.

* Powder Bed Fusion: Melting powder with laser or
electron beam; for producing precise metal or poly-

mer parts.

Advantages of Additive Manufacturing:

 Fast and low-cost prototyping

* Very low waste production

» Lower energy consumption compared to traditional
methods

* More environmentally friendly

» Capability to create parts with complex and unique
shapes

Disadvantages of Additive Manufacturing:
* Limited variety of raw materials
» Relatively high cost for materials and equipment
* Low speed in mass production

In industry, additive manufacturing is used to produce
complex, lightweight, custom parts and prototypes in
fields such as aerospace, medical, automotive, and engi-
neering.

7. Joining Processes

Direct manufacturing of complex products is both tech-
nically challenging and economically costly. Under such
circumstances, producing smaller parts and joining them
together is considered a logical and common solution.

(Page 15 - Figure 25)

In manufacturing, the joining process refers to assem-
bling two or more parts to form an integrated structure.
Joints are generally classified into two categories: tempo-
rary and permanent.

* Temporary joints allow parts to be separated with-

out damage.

* Permanent joints cause damage to parts upon sep-

aration.

Some common joining methods used in industry are as
follows:

* Welding: Joining metals by local melting and some-

times using a filler material.

* Riveting: Mechanical fastening with rivets; rivet

heads include flat, round, countersunk, and button

types.



the neutron moderator rods) to increase the reactor’s out-
put.

Although some operators expressed concerns about the
dangers of this action, organizational pressure and direct
orders forced them to comply. As a result, at 12:54 a.m.,
the thermal power of Reactor No. 4 reached 700 mega-
watts, and the test goal appeared to be achieved — but
instability continued.

(Page 17 - Figure 27)

At 1:23 a.m., steam pressure in the reactor core sud-
denly rose, and the system exited a stable state. To restore
conditions, staff attempted to insert the control rods via
the emergency shutdown system, known as AZ-5. But
instead of immediately reducing power, the poorly de-
signed rods and delayed system response caused further
instability.

Moments later, a massive explosion tore through the
reactor. It hurled the 1,200-ton reactor lid into the air and
released vast quantities of radioactive materials into the
atmosphere. In the control room, staff initially thought it
was an ordinary explosion and did not realize the cata-
strophic nature of the event.

Radiation detectors showed a reading of 3.6 roentgen,
the maximum capacity of those devices. Staff were un-
aware that the actual radiation levels were far beyond
that. The reactor had completely disintegrated, and mas-
sive volumes of toxic gases, uranium particles, graphite,
radioactive isotopes, and heavy-element-laden dust were
being released into the air — a silent and deadly process.

At 2:00 a.m., operators noticed flames atop Reactor
No. 4 and immediately reported it to the fire brigade and
on-site emergency teams. The flames shooting skyward
from the reactor roof indicated a disaster whose full scale
was still unclear.

Anatoly Dyatlov, the engineering deputy and night-
shift supervisor, became extremely alarmed. Even a mi-
nor malfunction could jeopardize the political goals and
honors he and Viktor Bryukhanov expected. However,
neither of them realized that the event would not only end
their careers but change their lives forever.

At 2:40 a.m., Bryukhanov learned of the severity of the
situation. As the news reached senior Communist Party
and Soviet government officials, an emergency commis-
sion was formed to assess the situation and quickly dis-
patched to Chernobyl to inspect the plant firsthand.

By 6:15 a.m., most senior managers, local officials, and
commission members had arrived at the power plant to
receive preliminary reports. A technical expert was as-
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signed to measure radiation levels near the reactor with
more accurate instruments.

His report shocked everyone: the precise instruments
revealed a radiation level not of 3.6 roentgen, but about
15,000 roentgen per hour — a level far beyond lethal for
humans. In some areas, the radiation surpassed that of Hi-
roshima’s atomic bombing.

The technician, who had gone to the site without ade-
quate safety equipment, soon showed symptoms of acute
radiation syndrome — including tongue swelling, skin
burns, and neurological symptoms — and died a few
hours later. His body was so contaminated that it could
not be removed from the site for a long time.

At the same time, Bryukhanov, hoping to downplay the
emergency and reduce panic at the central government
level, sent a false report to Moscow, claiming radiation
levels were “minor,” around 3.6 roentgen. This led the
commission members to enter the area unprepared, and
the initial containment response was slow and disorga-
nized.

Despite the commission’s presence, no effective re-
sponse was initiated, and the responsibility for contain-
ment fell to the plant workers. At least 174 staff members
who were present at the plant during the explosion felt
personally responsible for what had happened.

Many believed that the coolant system pipes had ex-
ploded and that the reactor’s core temperature was ris-
ing dangerously. Fully aware of the deadly radiation and
their likely deaths, they continued working — knowing
the nearby city of Pripyat, home to their families, was at
risk from a silent disaster.

Driven by this sense of duty, many voluntarily tried to
open the manual valves of the emergency cooling sys-
tems to reduce reactor temperature. However, the reactor
no longer had a clear or stable structure; internal destruc-
tion had rendered the term “reactor” itself inadequate.

The commission knew that the piping systems had been
completely destroyed under thick concrete and a mass of
radioactive contamination. Anyone who approached the
reactor received a fatal dose of radiation and usually died
within hours from symptoms like severe tongue swelling,
burns, and organ failure.

On April 27, 1986, authorities finally ordered the evac-
uation of Pripyat after realizing the scale of the catastro-
phe and fearing mounting casualties. Over 1,000 buses
were sent to the city, whose residents were still unaware
of the tragedy unfolding just 3 km from their homes. Au-
thorities restricted information to prevent public panic
and control the narrative.
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The Chernobyl Nuclear Power Plant was located near
the city of Pripyat, in an area called Chernobyl — a
small town that was once considered one of the symbols
of progress and modern life in the Soviet Union.

Pripyat had a population of about 44,000, most of
whom were workers, engineers, scientists, laborers, and
other staff employed at the Chernobyl plant or its as-
sociated institutions. Like many of the Soviet Union’s
planned cities, Pripyat was equipped with full urban
infrastructure including schools, hospitals, restaurants,
shops, government offices, and recreational centers, and
was seen as an industrial socialist utopia.

But after the nuclear disaster on April 26, 1986, the
city’s social and economic life came to a complete halt.
Residents were evacuated only a few hours after the ex-
plosion, and since then, no one has ever been permitted
to return permanently. Pripyat, once full of light and life,
became a deserted and silent city.

(Page 16 - Figure 26)

Today, more than three decades after that catastrophic
incident, the area has turned into a habitat for birds, wild
dogs, and some small creatures. No trace of human life
remains — except for silent signs of the past — because
the essential factor for sustained life, biological safety,
has been lost in the region for centuries.

The Story of an Engineering Disaster

Arya Eghbal Ansaroodi
B.Sc. student in Mechanical Engineering,
University of Tabriz

The Chernobyl disaster, considered the world’s worst
non-military nuclear accident, occurred in the early
hours of April 26, 1986 — on a night when residents
of the region were peacefully asleep, unaware that they
would soon be forced to abandon their homes forever.
The incident began at exactly 12:04 a.m.

At the time, workers at the Chernobyl power plant
were conducting a test to assess the performance of the
control rods in Reactor No. 4 and to examine the ability
to generate electricity under certain reactor conditions,
especially at around 700 megawatts of thermal power.
This test was part of a program ordered by high-ranking
Soviet officials and was designed to evaluate the plant’s
safety and emergency operation capacity.

The test was overseen by plant director Viktor
Bryukhanov, the founder and chief executive of the fa-
cility. A successful result was expected to bring praise to
the management and technical team. The test was direct-
ly supervised by Anatoly Dyatlov, the chief of reactor
testing.

At that hour, plant workers reported that the reactor’s
power level was not increasing and remained very low.
However, under orders from Bryukhanov — who was
under pressure from higher authorities and eager to pres-
ent the test as successful — it was decided to extensively
withdraw the reactor’s control rods (or more precisely,
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reactor. However, this promise was never fulfilled. .;é. the radioactive particles already absorbed into their bod- teered — knowing full well that flying over the reactor
The miners, without any proper masks or protective The Liquidators even killed animals such as dogs, cats, .0. ies, were exposed to high radiation doses in the first days. might cost them their lives. Their mission: to drop 80
suits, began working and dug a tunnel 104 meters long, and other small creatures found in the area, burying their i% | They were told they would leave town “just for a few kg bags of sand, clay, boron, and dolomite from about
12 meters deep, and about 30 meters in width and height. corpses in special locations, as the risk of radioactive iy | days” and return soon — a promise never fulfilled. 100 meters above the destroyed reactor. Due to radiation,
After more than a month of grueling work, the project contamination spreading through them was very high. g] In the following days, all residential areas within a 30 each pilot could only make one flight and drop one bag.
was completed, but no cooling system was ever installed. After about eight weeks of nonstop effort, the Liqui- l%. km radius of the plant — including dozens of towns and Tens of soldiers and support personnel also assisted in
Instead, the tunnel was filled with concrete to prevent fur- dators moved operations into the core of the reactor to .5:. villages — were evacuated and designated as part of a loading and preparing the bags in helicopters. On the first
ther radioactive seepage into the ground and to contain contain the contamination at its root. At this stage, dis- lg. “forbidden zone.” Around 130,000 people were perma- day alone, 110 flights were made; by the third day, over
part of the contamination. Unfortunately, about a quarter tinctions between military rank or social status no longer .3 nently displaced. An additional 30,000 hectares of agri- 300 flights per day. In total, over 4,000 sorties were flown
of these miners died before reaching the age of 40. Radi- mattered — from commanders to reserve soldiers and .g. cultural land, forests, and settlements in Ukraine and Be- in the first few days — a heroic effort at great personal
ation levels outside the tunnel were approximately 300 the youngest volunteers, all worked hand in hand to save ,gl larus were put under permanent quarantine. cost.
times higher than inside, and workers could not remain in more lives. .. ’ | Photographer and journalist Igor Kostin of Novosti
this deadly environment for more than a few hours. No individual could remain in the power plant zone for N newspaper flew over Chernobyl several times in a heli- (Page 19 - Figure 29)
Today, only limited information exists about the fate more than six minutes at a time due to the extremely high “j . copter and took pictures of the site. Upon developing the
of the three named miners, and the fate of the remaining radiation levels exceeding human tolerance. All opera- .;3 . photos, he discovered most of them were dark and blurry However, the main concern of the scientists and engi-
9,997 remains unknown. About 18 days after the disaster, tions were meticulously planned and scheduled. All ma- ig. — the intense radiation had burned through the emulsion neers on site was not only airborne radiation, but also the
Soviet officials — deeply concerned and alarmed by the chinery and equipment were shielded with metal covers .a. of his analog film, evidence of the extreme radiation lev- rising temperature of the molten core and the possibili-
magnitude of the catastrophe — were forced to inform and lead layers for radiation protection, and many devic- . w. els in those first hours. ty of it penetrating the lower layers of the ground. If the
the public in order to prevent further casualties. A senior es were controlled remotely — yet humans still played a .8. Still, the Soviet government did not issue broad or trans- radioactive molten materials — including approximately
official announced on a television program that this was vital role in operating and guiding them. After about 12 ig. parent communication. Only a small corner of a Pravda 195 kilograms of uranium and other compounds — had
the first time nuclear energy, previously seen as a force weeks, all equipment and machinery were fully armored l‘;'. newspaper mentioned the incident in a downplayed tone, reached the underground water reservoirs or the cooling
for development and regional prosperity, had become a and fortified. ,'é] claiming “the situation is under control.” Meanwhile, ra- pools beneath the reactor, contact with water could have
serious threat not only to the Soviet Union but to the en- The ultimate goal of these efforts was to construct a .w. dioactive clouds containing isotopes like cesium-137, io- caused a massive thermal explosion, estimated to be thou-
tire world. massive concrete structure that would effectively prevent N dine-131, and strontium-90 moved west and south toward sands of times more powerful than the bombing of Hiro-
0 u » >
Following the disaster, the Soviet Union mobilized an radioactive material from escaping the plant and thus lim- .gi Europe. Rainfall in areas like southern France deposited shima. Such an explosion could have rendered not only
extensive human force to carry out decontamination and it the spread of contamination. .3. these materials onto pastures and ecosystems. the Chernobyl region but also an area covering several
containment operations. Nikolai Katanov was appoint- At the same time, a conference was held in Vienna with .gl At that time, Valery Legasov, a prominent chemist and thousand square kilometers uninhabitable for centuries.
ed as the commander of the ground forces, estimated at the participation of leaders from countries affected by . ON senior scientific advisor to the commission, presented a To prevent this catastrophic scenario, it was decided to
more than 500,000 people. Their primary mission was to the nuclear crisis. The conference was chaired by Hans ,’a. frank report to authorities on the third night, urging im- quickly drain the water from the cooling pools below the
remove approximately 300,000 cubic meters of soil con- Blix, and Valery Legasov represented the Soviet Union. . \". mediate action to contain the crisis. That same night, he reactor. In a courageous and unprecedented operation,
taminated with radioactive material. These individuals, Legasov attempted to transparently present the facts and i/ . . convened an emergency meeting with scientists to devise three power plant employees — Alexei Ananenko, Valery
who volunteered with extraordinary motivation to protect causes of the disaster, but failed to substantiate his claims IE' : solutions. Bezpalov, and Boris Baranov — voluntarily entered the
their homeland, began working often without sufficient due to the lack of official documents and evidence. Soviet g. contaminated sections to manually open the water drain
protective equipment or proper safety suits. officials also strongly obstructed the dissemination of his .a. (Page 19 - Figure 28) valves. These divers, with minimal protective gear and in
According to Igor Kostin, a reporter from Novosti statements and reports to the public. .‘(‘l an environment heavily contaminated with lethal radia-
News Agency: “We were all engaged in extremely dif- Eventually, the Liquidators — thousands of whom died ‘ 8. One early suggestion was to dump large quantities of tion, successfully carried out the operation. Ultimately,
ficult tasks. We had to repeatedly wash our hands and in the process — succeeded in building the massive con- :g. lead into the reactor core, as lead absorbs ionizing ra- the water beneath the concrete layer of the reactor was
bodies; we took showers about seven times a day. We crete wall known as the “Sarcophagus” over Reactor No. Wt diation. However, Legasov rejected this, warning that drained, preventing a much larger disaster.
.o e )
continuously scrubbed our hands with rough sponges and 4 of the Chernobyl power plant, thus taking a crucial step < ;g] contact between lead and the water beneath the reactor However, the incident did not end there, as the molten
strong soaps before eating. The conditions were extreme- toward containing the disaster. Ig could raise temperatures and trigger a second, even larger and radioactive materials never fully cooled or became
ly harsh. The multi-layered, heavy suits were exhausting, The Chernobyl disaster became one of the greatest and .'. explosion — one potentially more devastating than the harmless and continued to penetrate the deeper layers of
and we were all under immense physical pressure.” most severe civilian nuclear catastrophes in world histo- .O' first and capable of affecting vast parts of the USSR and the ground — a situation even more dangerous than di-
These individuals, most of whom were selected from ry, whose effects continued to impact the lives of millions .§| Eastern Europe. rect contact with water. For this reason, on May 12, 1986,
reserve forces, later became known as the “Liquidators.” long after its occurrence. Valery Legasov, a prominent .gl Instead, Legasov chose a mixture of sand, clay, boron, all skilled and volunteer miners from across the Soviet
They gradually adapted to the radioactive environment; scientist and advisor to the disaster investigation com- =1 and dolomite, which could better control temperatures, Union were summoned to Chernobyl to take part in this
masks. wou.ld become soak.ed with moisture arlld make mission, spent years trying to e>%p.ose the main causes.of ’g. not react with water, and halt chain reactions.“This plan “batt'le.” On M.ay 13, about 10,000 min.ers, fully awar.e of
breathing difficult, so over time many stopped using them the tragedy. One of the most critical factors was the in- . : \ launched what later became known as the “Battle of the risks of their work and almost certain of death, arrived
and continued the cleanup side by side. stallation of new control rods during initial reactor tests, i» - Chernobyl” — a battle not against a visible enemy but in the area. They had been told that a tunnel must be dug
ordered by officials — particularly Viktor Bryukhanov. '19'. against an invisible, silent, and deadly force.
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Introduction
4 I

Welding is one of the most important methods for joining metals and is widely used across various industries. In
this process, metals are fused together through the application of heat. However, with the advancement of science
and technology, the need to develop welding technologies capable of operating in non-standard environments—such
as underwater settings—gradually emerged.

Underwater welding is one of the most complex and specialized branches of welding science, encompassing a
combination of technical skills and diving knowledge. It is recognized not only as a technical skill but also as an art,
requiring high precision, the ability to make quick decisions in critical situations, and strong physical and mental
endurance.

Many people assume that welding underwater is impossible or bizarre, as welding is generally associated with
fire and flame. However, welding is fundamentally based on electric arc, not flame. In dry environments, the arc is
formed through the ionization of air; whereas underwater, the electric arc is created by the ionization of water vapor
around the electrode and the workpiece. Therefore, although initiating an arc and performing welding underwater is
technically challenging, it is entirely feasible and logical.
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This action placed excessive pressure on the reactor, lead-
ing to unauthorized increases in water circulation and
temperature, ultimately causing loss of reactor control.

However, Legasov was never able to publicly and con-
clusively prove these facts. Due to his opposition to the
official narrative and his efforts to expose the authorities’
lies, he was placed under house arrest, and many of the
documents he had compiled were confiscated and cen-
sored. Ultimately, Legasov, under psychological pressure
and tormented by his scientific and moral responsibilities,
committed suicide in 1988, on the second anniversary of
the disaster (1927-1988).

Years later, medical and scientific studies revealed
that cancer rates in affected areas had increased up to 50
times. Additionally, the birth of infants with genetic ab-
normalities and structural changes in the DNA of many
residents in Belarus, Ukraine, Russia, France, and sev-
eral other countries stood as testimony to the vast and
deep-reaching impact of the Chernobyl disaster — effects
that still persist across generations.
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Emergence of Advanced Technologies (1980 to
Present)

In recent decades, technological advancements have
significantly improved the quality and safety of under-
water welding. The development of remotely operated
vehicles (ROVs) and automated welding systems has
revolutionized the industry. These technologies reduce
the risks associated with human presence in hazardous
underwater environments and enable operations at much
greater depths.

Moreover, advances in water-resistant electrode manu-
facturing and the implementation of new techniques such
as underwater laser welding have enhanced weld qual-
ity and operational efficiency. Non-destructive testing
(NDT) methods like ultrasonic and radiographic inspec-
tions have also been developed to provide more accurate
assessments of underwater weld quality.

(Page 27 - Figure 33)

Role of Standards and International Organi-
zations

With the growing applications of underwater welding,
international organizations such as the American Welding
Society (AWS) and the American Society of Mechanical
Engineers (ASME) began drafting specialized standards
for this field. These standards include detailed guidelines
for equipment, techniques, safety, and welder training.

Underwater Welding in Iran

In Iran, with the development of the oil and gas indus-
try in the Persian Gulf, the need for underwater weld-
ing increased. This technology was introduced into the
country in the 1970s and was initially used for repairing
offshore platforms and marine facilities. In the following
years, with the training of specialized human resources
and the adoption of advanced equipment, Iran was able to
make significant progress in this field. Today, underwater
welding in Iran is used for oil-related projects, pipeline
repairs, pier construction, marine civil engineering oper-
ations, and even military applications. The country has
achieved a relative level of self-sufficiency in this area.

Applications of Underwater Welding
Underwater welding is a key technology in marine
and offshore industries, playing a vital role in the main-
tenance, repair, and construction of various underwater
structures. Due to its ability to function in challenging en-
vironments, it is used in a wide range of projects—from
major industrial operations to military missions and res-
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cue operations. This section explores the diverse applica-
tions of underwater welding in various industries.
1. Offshore Oil and Gas Industry:

One of the most significant application areas of under-
water welding is the oil and gas industry. Many offshore
installations—such as oil platforms, gas pipelines, and
underwater terminals—are exposed to harsh environ-
mental conditions and require constant maintenance and
repairs. Offshore platforms, built for extracting oil and
gas at sea, are vulnerable to corrosion and structural dam-
age due to continuous contact with saltwater. Underwater
welding is used to repair supports, joints, and reinforce
the structure of these platforms. Additionally, underwater
pipelines require precise welding for connecting new sec-
tions or repairing damaged parts.

2. Shipping and Marine Transportation Indus-
try:

In the shipping industry, underwater welding is an es-
sential tool for the maintenance and repair of ships, sub-
marines, and other marine vessels. Damage caused by
collisions, corrosion, or structural cracks in the hull can
be repaired underwater without removing the ship from
water. Propellers and drive shafts, which often get dam-
aged by wear or impact, are also repaired in place and
underwater. Military and research submarines require pe-
riodic maintenance, much of which is performed directly
underwater.

(Page 28 - Figure 34)

3. Marine and Coastal Infrastructure:

Vital infrastructure such as bridges, docks, dams, and
offshore wind turbine bases are in direct contact with wa-
ter and require ongoing maintenance. The columns and
bases of bridges constructed over water need periodic re-
inforcement and repair due to water flow and corrosion.
Large dams and water management facilities also require
underwater welding to prevent leaks or structural dam-
age. Marine docks, used for mooring ships, often expe-
rience damage due to mechanical pressure and environ-
mental conditions.

(Page 28 - Figure 35)

4. Military and Defense Industries:

Naval forces around the world use underwater weld-
ing for emergency repairs and special operations. During
wartime or emergencies, underwater welding can quickly
return damaged ships to operational condition. It is also
used for recovering sunken equipment or repairing dam-

Due to its unpredictable and complex environment,
underwater welding requires special equipment, specif-
ic methods, and strict safety standards. Factors such as
water pressure, low temperature, strong currents, limited
visibility, and the presence of hazardous gases can all af-
fect weld quality and operator safety. Additionally, un-
derwater welding includes various methods, each with its
own unique applications and techniques.

Underwater welders must not only possess advanced
welding skills but also be skilled divers. They must be
capable of working under harsh conditions, managing
stress, and making rapid decisions in emergencies. This
combination of abilities makes underwater welding one
of the highest-paying—and simultaneously, most danger-
ous—jobs in the technical industries.

(Page 26 - Figure 31)

In this issue of the magazine, we aim to thoroughly
explore the various aspects of underwater welding: from
its history and technological evolution to its different
methods, applications, advantages and disadvantages,
future outlook, and even job opportunities and potential
incomes. The objective is to provide a comprehensive
understanding of this specialized field and highlight its
importance in today’s world.

History of Underwater Welding

The history of underwater welding dates back to the
era of industrial advancement and the growing need for
maintenance and repair of marine structures. While the
concept of joining metals using heat and welding dates
to ancient times, the application of this technique in un-
derwater environments is a relatively modern develop-
ment that began in the early 20th century. The technology
emerged as a response to the need for quick and efficient
repairs in aquatic environments—especially in military,
maritime, and oil and gas industries.

(Page 26 - Figure 32)

Before Technological Advancement (Pre-20th
Century)

Before the development of electric welding technol-
ogy, underwater repairs were mainly carried out using
mechanical methods such as riveting and bolting. At that
time, divers used primitive methods to repair ship hulls
and other marine structures. The technical limitations and
lack of appropriate technology for creating an electric
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arc underwater hindered the progress of these types of

repairs.

Early Developments (Early 20th Century)

The first real steps toward underwater welding were
taken in the early 1900s. Advances in arc welding tech-
niques used in dry environments motivated engineers to
explore methods for adapting this technology for under-
water use.

In the 1930s, the Russian Navy emerged as a pioneer
in this field. Thanks to the work of Konstantin Khrenov,
the first successful underwater welding experiments were
conducted. During this period, Russian engineers man-
aged to perform manual arc welding using special elec-
trodes in shallow water environments. This achievement
marked the beginning of broader development in other
countries.

Role of World War II in the Advancement of
Underwater Welding

World War II played a key role in the rapid develop-
ment of underwater welding technology. During the war,
the urgent need to repair damaged warships, submarines,
and marine facilities drove nations involved in the con-
flict to rapidly seek innovative solutions for enhancing
marine repair efficiency.

The U.S. Navy and the British Royal Navy made sig-
nificant investments in developing advanced underwa-
ter welding equipment. Trained welders who were also
skilled divers played a vital role in maintaining and re-
storing naval fleets. During this time, new methods such
as dry welding—where pressure chambers are used to
create a dry environment underwater—were developed.

Post-War Developments and the Modern Era
(1950—1980)

After World War 11, interest in underwater welding ex-
panded beyond the military sector into civilian industries
such as offshore oil and gas, shipping, and infrastructure
construction. The discovery of offshore oil fields in deep
waters and the need to build and maintain marine oil plat-
forms in the 1950s and 1960s served as major drivers for
further technological development.

In the 1960s, significant progress was made in dry weld-
ing techniques. The use of advanced pressure chambers
allowed welders to operate at greater depths and under
high pressures while achieving high-quality welds. These
advancements increased confidence in weld quality and
reduced the risks associated with underwater operations.
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electrode provides high precision and control, making it
suitable for fine or sensitive work.
Applications:
* Military and defense components
* Thin or delicate metals
* Situations requiring high weld quality
Disadvantages:
* Slower process
* Requires high skill and expensive tools

d. Flux-Cored Arc Welding (FCAW Wet):

Uses a flux-cored wire, which produces shielding gas
and slag during welding to protect the weld pool. Often
used for shallow depths or specific structures.

Applications:

* Repairs on offshore platform elements

* Heavy structures in shallow waters

* Difficult-to-reach areas
Advantages:

* Faster than other methods

» More resistant to arc instability from water
Disadvantages:

* Lower precision and weld quality

* Continuous wire feeding is difficult underwater

* Needs special equipment

2. Dry Welding:

In dry welding, a waterproof chamber (dry habitat) is
placed around the welding site. Water is pumped out of
the chamber, and gas—usually a helium-oxygen mix-
ture—is introduced to create a controlled dry environ-
ment. Standard welding techniques used on land can then
be performed inside the chamber.

Advantages of Dry Welding:

* Higher Weld Quality: No water interference; welds
are cleaner and less prone to defects.

» Greater Safety: Less risk of electric shock due to a
dry and pressurized environment.

* Greater Durability: Reduced corrosion and im-
proved weld strength.

Disadvantages of Dry Welding:

» High Cost: Requires complex and expensive equip-
ment

* Time-Consuming: Setting up the chamber and
clearing the water takes time

* Depth Limitations: Difficult and costly to imple-
ment at very deep levels
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Types of Dry Welding:

a. Welding Habitat (Dry Chamber Welding):

The most common dry welding method. A large water-
proof chamber (metal or plastic) is installed over the weld
area and pressurized. The welder enters the chamber, and
standard welding is performed.

Applications:

* Building and repairing oil platforms
* Underwater bridge columns
» Large marine structures

b. Hyperbaric Dry Welding:

Similar to habitat welding, but performed at very high
pressure and extreme depths. The inside and outside
pressures are equalized, and the welder must use special
breathing gear due to unbreathable gas mixtures.

Applications:

* Deep-sea pipeline repairs
* Critical submarine repairs
» Military and deep salvage operations

(Page 30 - Figure 37)

¢. Spot Dry Welding:

A miniature chamber is used to isolate and dry only the
welding spot. The welder works from outside the cham-
ber with their hands and tools inserted into the dry area.

Applications:

* Localized repairs on pipes

» Emergency or space-limited welding tasks
Advantages:

* More flexible and cost-effective

* Faster setup than full chambers

Disadvantages:

* Only suitable for small-scale or spot welding

(Page 31 - Figure 38)

Careers and Income in Underwater Welding

Various professions play a role in the underwa-
ter welding process, including: underwater welder,
welding inspector, marine project engineer, diving
equipment technician, and more. However, the un-
derwater welder holds the most central and critical
role in the process.

The income of an underwater welder depends on
several factors such as experience, skill level, project
type, working conditions, and certifications. Never-

aged structures during special missions. Some classified
military facilities—such as underwater radar stations or
sensors—are constructed using underwater welding tech-
niques.

5. Rescue and Recovery Operations:

Underwater welding plays an important role in marine
rescue operations and the recovery of sunken or damaged
vessels. It is used to cut or join different parts of sunken
ships during rescue operations. Equipment such as car-
go containers or heavy machinery that has fallen into the
water can be stabilized and recovered through welding.
Temporary buoyancy systems used for stabilizing or lift-
ing large structures during rescue missions also utilize
this technology.

(Page 28 - Figure 36)

6. Marine Renewable Energy:

With the growth of the renewable energy sector, un-
derwater welding plays a key role in the construction
and maintenance of marine energy production facilities.
The bases of offshore wind turbines require corrosion-
and pressure-resistant welding. Power plants that har-
ness wave or tidal energy often need underwater repairs.
Subsea power cables and energy transmission systems
require regular maintenance using underwater welding.

7. Scientific Research and Underwater Explora-
tion:

Underwater welding is also used in research and
underwater exploration projects. Marine research sta-
tions, used for studying marine life or environmental
conditions, require the welding of robust structures.
In the exploration of ancient sunken ships, welding
can be used to stabilize historical structures. Welding
is also used to install or repair underwater sensors,
cameras, and environmental monitoring equipment.

Types of Underwater Welding

Underwater welding is carried out using two main
methods: wet welding and dry welding. The choice
of method depends on factors such as the type of
project, water depth, environmental conditions, and
the level of precision required. Below is a detailed
explanation of both approaches.

1. Wet Welding:

In wet welding, the welding process is performed di-
rectly in the water. The diver equipped with special diving
gear reaches the welding site and uses special waterproof
electrodes designed for underwater use. The electric arc
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created between the electrode and the metal surface melts
the metal and forms the weld joint.
Advantages of Wet Welding:
* High Speed: No need to install complex equipment
on site; welding can be performed quickly.
* Lower Cost: The required equipment is generally
less expensive than for dry welding.
* Easy Access: Can be conducted at various depths
without the need for pressurized chambers.
Disadvantages of Wet Welding:
* Lower Weld Quality: Water cools the weld too
quickly, increasing the risk of internal cracks.
* Lower Safety: Welders are exposed to risks such
as electric shock, poor visibility, and high water pres-
sure.
* Faster Corrosion: Direct exposure to water in-
creases the risk of rust on the weld.

Common Types of Wet Welding:
a. Shielded Metal Arc Welding (SMAW Wet):

The most widely used wet welding method. Similar
to standard manual arc welding (stick welding), but em-
ploys special waterproof electrodes. This method is sim-
ple, cost-effective, and suitable for various depths. How-
ever, it produces lower-quality welds and poses a higher
risk of electric shock.

Applications:

* Ship hull repair

* Welding components of piers and offshore plat-
forms

» Repairing underwater oil and gas pipelines

b. Gas Metal Arc Welding (GMAW Wet):

Similar to MIG welding, this technique is used less
frequently but provides better quality welds. A shielding
gas—usually argon—is supplied to protect the arc.

Advantages:

* Better weld quality and more stable weld pool than
SMAW Wet
Disadvantages:
* Requires expensive equipment
* Limited in deep or high-current waters
Applications:
* Specialized repairs with better visibility
* High-quality welding of submerged pipeline sec-
tions
¢. Gas Tungsten Arc Welding (GTAW Wet):

Also similar to TIG welding, but performed underwater

using special equipment. The non-consumable tungsten
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* High-resolution cameras
* Ultrasonic sensors
* Underwater Lidars

...are playing an increasingly vital role in evaluating the
quality of underwater welds.

These tools can detect flaws before and after welding,
significantly reducing the need for manual inspection and
improving the overall efficiency and accuracy of under-
water construction and repair work.

Conclusion

Underwater welding is a highly specialized and
vital profession within the marine and offshore in-
dustries. Despite its environmental and safety chal-
lenges, it plays an essential role in the construction
and maintenance of underwater structures.

With the continued development of technologies and
the growing need for underwater infrastructure, the im-
portance of this profession is increasing. It is expected
that the advancement of new technologies will drive this
field toward safer, more precise, and more efficient en-
vironments, creating new opportunities for employment
and industrial growth.
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theless, due to the difficulty and danger of this pro-
fession, the salary is generally high. The average
annual salary of an underwater welder worldwide is
estimated to be between $40,000 and $60,000. How-
ever, for highly skilled welders working on critical
or high-risk projects, the income can reach up to
$300,000 per year.

Training and Specialized Certifications

Given the high-risk nature of underwater welding,
specialized training programs are organized by pro-
fessional organizations related to the marine indus-
tries, and participants are awarded certificates and
professional licenses. These certifications are often
the most important factor in verifying a welder’s
skill and securing employment from potential em-
ployers.

The process of obtaining these certifications typically
follows this path:

First, one must complete basic commercial diving
training, then enroll in underwater welding courses, and
finally, pass theoretical and practical exams (focused on
safety standards and technical knowledge). Upon suc-
cessful completion, candidates are awarded a profession-
al certificate. These certificates generally require renewal
or recertification every 2 to 3 years, which is possible
through continuing education or refresher courses.

(Page 31 - Figure 39)

Underwater welders must attend industrial diving
and underwater welding programs held at national or
international accredited institutions.

Examples of such reputable centers include:

* Commercial Diving Academy (CDA) in the U.S.

* INPP in France

* Professional Diving Schools Association (PDSA)
in Europe

Some of the most recognized international certifica-
tions in this field are:

* IMCA (International Marine Contractors Associa-
tion)

» ADCI (Association of Diving Contractors Interna-
tional)

* CSWIP (Certification Scheme for Welding and In-
spection Personnel)

* HSE Commercial Diver Certificate (UK Health &
Safety Executive)

These certifications cover areas such as industri-
al diving skills, underwater safety protocols, emer-
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gency procedures, underwater welding, and weld
inspection techniques.

Technologies and the Future of Underwater
Welding

Underwater welding is one of the critical and
in-demand professions in marine industries, offshore
oil and gas, and coastal infrastructure. However, ad-
vances in technology and the need to reduce human
risk have led to significant changes in this field in re-
cent years, and it is predicted that fundamental trans-
formations will occur in the coming decades.

1. Use of Robots and Automated Systems (ROVs
and AUV5s)

One of the most significant upcoming changes is the
partial replacement of human underwater welders with
remotely operated vehicles (ROVs) and autonomous un-
derwater vehicles (AUVs). These robots can operate at
greater depths and in hazardous environments, perform-
ing tasks such as welding, cutting, or inspection with high
precision—without human presence.

These technologies help:

» Reduce risks to divers and welders
» Improve weld quality at extreme depths
* Save time and reduce project costs

However, in many projects, human welders will still be
essential, especially for tasks requiring creativity, on-the-
spot judgment, and real-time decision-making.

(Page 32 - Figure 39)

2. Development of Advanced Welding Technol-
ogies
New underwater welding methods such as underwater
laser welding and friction welding are under development
and testing.
These techniques aim to:
* Improve weld quality
* Reduce spark splatter and the production of harm-
ful gases
» Enhance feasibility in challenging environments
Furthermore, gas-shielded welding techniques are
being optimized for deeper underwater applications, in-
creasing their range and reliability.

3. Growth of Intelligent Non-Destructive Testing
(NDT)
Alongside robotic advances, intelligent inspection
tools such as:
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CloudNC has introduced an extension called Assist CAM, which RV SN SRS
uses artificial intelligence to automatically design toolpaths for CNC ISR e e IRGTET 1
machines. This technology can make decisions within minutes—tasks
Stelg connhected with us on social media that previously required hours of manual programming by experienced
engineers. As a result, this extension reduces programming time by up

to 80% and enables even novice users to machine complex parts with
little experience. Experts consider this a significant step toward reduc-
ing reliance on specialized labor and increasing production speed, be-
lieving the technology could transform industries such as aerospace,
automotive, medical equipment, and robotics

. MIT scientists have developed a window-like device that can extract
Water from Air: A Break- o ] ) )
through for Arid Regions clean drinking water from the air, even in the driest places on Earth—
such as Death Valley in the U.S. The system operates without solar
energy or batteries, relying solely on temperature differences between
day and night. It consists of a vapor-absorbing surface and a vapor-re-
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can supply a family’s water needs in areas with no stable water infra-
structure. This innovation marks a major step forward in energy and
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environmental engineering, promising a new generation of portable,
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infrastructure-independent water supply systems.

Researchers at the University of Chicago have unveiled a new tech- — -
Revolution in Prosthetics:

Real Touch Sensation via
through a brain-computer interface (BCI). By precisely stimulating spe-  Q=LEEe ] Tl g 1

nology that restores real touch sensation to users of prosthetic hands

cific regions of the brain, the system enables users to perceive the shape
and motion of objects, significantly improving their quality of life. Early
q& Q ® @ clinical trials show that participants were able to identify different ob-
jects and gain high motor accuracy within a short time.This advance-
ment heralds a new era of smarter and more natural prosthetics, bridging

the gap between artificial limbs and real human touch.
Insect-Sized Innovation: The

World's Smallest Wireless
Flying Robot

Researchers at the Department of Mechanical Engineering, UC
Berkeley, have recently designed and built the world’s smallest wireless
flying robot, measuring less than one centimeter and weighing approx-
imately 21 milligrams. Inspired by insect anatomy, this miniature robot
is controlled by an external magnetic field and is capable of precise
flight, directional changes, and navigating through extremely tight and
hard-to-reach spaces. This tiny robot is part of a project aimed at devel-
oping ultra-light and agile aerial systems, which could one day be used
in search and rescue operations, inspections in confined spaces, and
hazardous environments.
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