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ABSTRACT

Explosive cladding is becoming increasingly widespread in the field of metalworking
technologies. The advantage of this technology is that it cannot be combined with other welding
technologies, and dissimilar metals can be joined by cohesion joint. The wide range of materials
and the different properties of metallic materials (modulus of elasticity, tensile strength, hardness,
ductility, etc.) are the reasons for the difficulty of determining the welding process specification. In
addition, many explosives (with blast velocities below the speed of sound) are suitable for creating
the appropriate bond strength. Al is a good tool for several applications and process parameter
calculations. The innovative application supported by Al can help the welding engineer in the
explosive welding process parameter determinations. For the welding process, the engineer
chooses suitable metal and explosive materials. Al, based on the explosive material parameters and
the metallic materials' mechanical properties, calculate the explosive welding setup parameters. In
this article, the algorithm of the application and the theoretical and practical elements of the
technological design are presented in detail. The developed application facilitates the technological
design of the otherwise complex blast welding process.
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INTRODUCTION

Welding is a widely used industrial application worldwide. Welding is a joining technology
that establishes a cohesive bond. In the industrial area, it uses fusion and solid-state welding
processes. The welding specification always depends on the materials and structures. For fusion
welding processes, high-temperature heat is required because bonding is created by melting the
materials. Fusion welding is practical for metals and specific polymers. Because of the wide
variety of materials, fusion welding can't be applied in all cases. Solid-state welding is another
group of welding processes, where bonding between materials is created without melting or partial
melting of the components.

Solid-state welding processes, e.g., resistance spot welding, ultrasonic welding, and explosive
welding. The process specification in the case of the solid-state welding processes is also a
complex process. It needs to take into account the process, and firstly, the chemical, physical, and
mechanical properties of the weldable materials. The second aspect in the case of the process
selection is the product structure (thickness of the walls, design of the structure, etc.). Solid-state
welding process means that the components are connected by force and sometimes with heat, but
without melting. The bonding between atoms is achieved by bringing the atoms of the two
components within the bonding distance with force.

Explosive welding is a specialised welding process among solid-state welding processes
(Pocalyko, 1964; Holtzman, Cowan, 1965; Pocalyko, 1981). In this process it needs to take
account the possibilities and the limits of the process and the welded materials. In the literature,
one can find examples only for metallic materials. The most common process for bonding metal
sheets ot plates (Findik, 2011; ASM Handbook 1992; Mousavi, Al-Hassani, 2005; Marc, et. al.
1980). It is possible to create butt welding by the explosive welding process, but in industrial
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applications, this is not feasible. The explosive welding process is useful for bonding large sheets
and plates. For the explosive welding process, the energy to bond the materials came from the
established gas pressure of the explosion (Zhang, Zhang, Feng, 2012; Liu, Zhang, Yang, 2011;
Peters, 2005; Zhang, et. al., 2011). The wide range and different properties of explosives
complicate the process specification. The process specification needs several calculations based on
the weldable materials, structural properties, and explosive materials properties. To earn suitable
parameters, it requires knowledge of the material properties and the calculation of the explosion
welding process setup parameters (Havlicek, Havlicek, 2012; Meyers, Murr, 1980; Davis, 2002;
Staudhammer, et. al., 1981; Zhang, 2008; Kovacs-Coskun, 2016). It can be seen that the explosive
welding process appears simple, but it requires calculation based on a large amount of data
(Kugyela, et. al. 2025; Lukacs, et. al. 2012; Hirsch, 1995; Catovic, 2020). The Al can be a valuable
aid in achieving suitable results.

In recent years, significant changes have occurred in the approach to complex engineering
problems (Kamaruzaman, et. al., 2017). The increasing volume of data (Quick, et. al., 2014), the
number of variables to be managed (Sadeghi-Bazargani, et. al., 2011), and the need for precise
adjustment have all contributed to a shift in how design processes (Gronbak, et. al., 2017) are
carried out. Calculations have become more demanding, and greater emphasis is now placed on
finding effective methods to handle (Greenhalgh, et. al., 2005) them reliably and efficiently.
Machine learning (Zhou, 2021) and intelligent software (Perkusich, 2020) are not there to think for
us, but to take the monotonous, time-consuming work (Rios, 2020) off our shoulders and help us
find the best solutions (Standley, 2010). This study presents three areas where artificial intelligence
(AI) can help engineers (Patange, et. al., 2023): computing, database management, and application
development (Wasserman, 2010) in the preparation of the explosive welding process (Greenberg,
2019). As every engineer knows, one of the most difficult parts of design is balancing all the
different considerations: strong enough but not too expensive, lightweight but durable. In the past,
this required many iterations, many experiments, and a lot of time. Al is a great help here because
it can quickly run through thousands of variants and analyze them to find the best solutions. It is
also useful for simulations (Jeon, et. al., 2016), such as choosing explosives or studying gap sizes,
because it shortens calculation time while still providing accurate results. Another challenge in
engineering is reviewing and managing huge amounts of data. Every project generates a lot of
measurements, experience, and documentation (Alwazae, et. al., 2014). This is where Al comes in
handy: it can connect data, recognize patterns, and even predict problems. For example, in
explosive welding processes, Al uses machine data to indicate when the choice of explosive
material is inappropriate or to recommend changes to the size of the gap. This not only saves time
and money, but also improves quality. Nowadays, almost everyone has a smartphone, and
engineers are no exception. More and more applications are being developed to facilitate
engineering work (Ejiwale, 2014). Many of them already have built-in artificial intelligence: for
example, they provide real-time bug fixes, optimization suggestions, or help solve more complex
problems. The advantage of Al-compatible applications is that they are not only affordable for
large companies, but also accessible to smaller offices and individual designers (Javaid, et. al.,
2022). Al does not replace engineers, but helps them make better decisions and work faster. It
makes it easier to navigate data and provides advanced tools that were previously
unimaginableWhen used effectively, Al does not detract from the profession but enhances it: it
makes design more accurate, efficient, and enjoyable.

Al is a valuable tool for data analysis, which supports the calculation of welding process
parameters; however, it requires a welding expert to determine the final parameters.

MATERIAL AND METHODS OF WORK

In this research, we aimed to develop an Al-supported application that assists in specifying
the explosive welding process. We focused on the use of metallic sheet or plate materials for
explosive welding. This process is specifically referred to as cladding. Explosive cladding is a
solid-state process in which controlled explosive detonations force two or more metals together at
high pressures, resulting in a high-quality metallurgical bond between the colliding surfaces
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(Holtzman, 1965; Pocalyko, 1981; Findik, 2011; ASM Handbook 1992; Mousavi, Al-Hassani,
2005).

Explosive Cladding

Figure 1 below shows the parallel setup of the explosion welding process, and Figure 2 shows
the cross section of the explosive welded joint. The wave of the explosion pressure causes a special
joint formation, which can be seen in the cross-section of the joint.

P>

1
Figure 1. Setup of the explosion welding (1-clad plate, 2-base plate, 3-high explosive, 4-jet).

>

g

Figure 2. Cross-section of the explosive welded bond.

It is used for determining the setup parameters and the properties of the explosive material, as
well as the properties of weldable metals, including material parameters and geometrical
parameters (Kugyela, et. al., 2025). The calculation is suitable only for the parallel welding setup.

Based on the welding setup (Figure 1), it can be observed that the key process parameters are
the gap size L; and the thickness of the explosive material L.. During the selection of explosive
materials, it is necessary to consider a critical limit related to the detonation velocity of the
explosive material. The sound velocity in the material needs to be smaller than the speed of the
flyer sheet's collision v, with the base plate (Kugyela, et. al., 2025; Lukacs, et. al. 2012). Based on
the literature data, the gap size L, of the welding setup needs to be between the following range
(Pocalyko, 1964; Hirsch, 2012; Catovic, 2020), where Lt is the thickness of the flyer plate:

0,5 Le<Iy< 1,6'Lf (1)

To determine the gap size of the welding setup, the following equation (2) can be found in the
literature (Kugyela, et. al., 2025):

L~ (pf Lf)/pe (2)

where:
L. — thickness of the explosive material (cm)
pr — density of the flyer plate (g/cm?)
L¢— thickness of the flyer plate (cm)
pe — density of the explosive material (g/cm?)
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The key setup parameters are determined by the introduced method. Data on the selected
explosive material and the flyer plate material properties are available from an internet database
with Al assistance.

Artificial intelligence in flowchart design

A well-thought-out flowchart has always been a cornerstone of technology design (Whitfield,
et. al,, 2011). In industry and engineering practice, flowcharts have been used for decades to
capture the steps of a system or production line in a clear and logical way. Such a diagram is not
just a drawing, but a tool that facilitates communication between team members (Hedman, 2015),
helps to identify errors and provides a basis for detailed calculations.

In recent years, engineers have come up with new tools that incorporate artificial intelligence
(Pival, 2023). These systems can make predictions, suggest parameters, and often automatically
produce sketches. While these tools are undoubtedly useful, it is important to understand that they
can only be used effectively and safely with proper expert supervision and continuous monitoring.

Calculations and parameter setting

One of the most time-consuming parts of process design is parameter setting (Rios, et. al.,
2020). When designing industrial processes, such as welding processes, a balance (Weman, 2011)
must be found between dozens of input and output requirements: material thickness, material
quality, explosive material, gap size, and costs. Calculating these manually, especially when there
are many variables, requires significant resources.

Artificial intelligence can be of considerable help at this stage. The software can run hundreds
or even thousands of combinations at once and recommend the parameter sets that best suit the
specified objectives. In explosive welding, an Al-based tool (Goka, et. al., 2024) can predict the
appropriate explosive material for different material qualities and thicknesses, its quantity, and the
gap parameters, and then rank the options.

However, these results can only serve as a starting point. The engineer must make the final
decision on which solution can be implemented based on practical experience and on-site
conditions.

Flowchart generation

Automatic flowchart creation is a new feature of modern design software. The engineer
enters the basic objectives into the system, such as the data of the materials to be welded and the
explosive to be used, and the system creates a preliminary flowchart in logical order based on this
information. This diagram includes the relationships between each step and the main elements.
This approach proves especially helpful during the initial phase of planning, as it can reduce
preparation time and make it easier to examine several alternatives. Even so, each proposal must be
reviewed by someone with practical experience, since certain configurations may not meet
regulatory requirements or may lead to unnecessary costs.

The role of peer review

Peer review is a key element in the design process. Artificial intelligence does not replace
engineering experience and knowledge, but complements it. AI works only on the basis of inputs
and algorithms and does not see the full context or perceive practical problems.

Therefore, all Al-generated flowcharts (Arbaz, et. al., 2024), calculations and proposals need
to be manually reviewed, checked for reality and appropriateness of the results. In many places, it
is good practice for plans to be reviewed jointly by several experts, who also provide feedback on
each step to the system so that it can produce more accurate results in the future.

Peer feedback, therefore, not only improves the quality of the plan, but is also essential for
‘teaching’ the system. Continuous refinement and feedback

A well-designed process is not a single iteration. As you work, new information, objectives,
and external circumstances may change. These changes need to be incorporated into the plans, and
the calculations need to be re-run.
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The advantage of Al-based systems is that they can react quickly to changes and generate
new proposals immediately. However, each refinement has to be followed by a new peer review
and feedback.

This “circular” design process ensures that the final design is both economically and
technologically optimal and feasible.

Articial Intelligence in the Process Specification

Al assists in finding the parameters of the explosive and fire plate material for the setup
parameter determination. Al rapidly finds the data and uses it for calculations. The material
selection is interactive because the user must select materials based on the work's goal. Al can
suggest solutions, but the final decision needs to be made by the user. Material selection is limited
by the rules described above. The parameter limits are included in the application program. Al
assists in determining the parameters, and the algorithm of the application is illustrated in Figure 3.

| INPUT /
| Choice explosive material, ,‘l
. Flyer plate material,
Base plate meterial |

Caleulation
supported by Al

¥

Expert
verification

QOUTPUT, |
| Setup parameters |

Yes

,-"Dn you want a new™.
S . Pl
. calculation? -

No !
| END

Figure 3. The Al-assisted épplication algorithm.
Users need to control both the earned results and the Al-suggested results continuously.

CONCLUSIONS

The explosive cladding process is a specialised metal bonding technique that offers several
advantages over conventional joining methods. One of its most significant benefits is the ability to
create a strong bond between metals that are typically incompatible, such as aluminium and steel.
Another notable advantage is that there are practically no limitations regarding the thickness ratio
of the metals to be joined, making the process highly versatile for various geometries.
Additionally, the method requires only minimal equipment and tooling, making it a cost-effective
alternative to traditional welding processes.

Explosive cladding finds applications in several industrial sectors, particularly where special
multi-component materials are required. The electrical industry, vehicle manufacturing, and
nuclear technology widely utilise this process to produce bi- or multilayered plates, sheets, wires,
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and other components. Typical applications include bimetallic contact elements in electrical
equipment, contacting elements for power transformers, and bonding of superconductors.

Blast welding is a versatile and widely used process in the industry. Unfortunately, in
industrial practice, most engineers lack adequate knowledge of explosive welding. The presented
application will assist engineers who lack a broad understanding of explosives and blasting
specialists who are familiar with explosives but not with welding technology in their technological
planning.

The app is a help for engineers, but the responsibility for the technology's suitability lies with
the welding technologist. In practice, even with the specified parameters, blast welding should only
be carried out under the supervision and with the support of a blasting technician for security
reasons.

The introduced Al supported process parameter determination process algorithm shown in
Fugure.3. which can demonstrate that Artificial intelligence is nowadays an undoubtedly useful
tool in technology parameter deteremination as well in the case on the explosive welding process.
It helps engineers to manage data, perform calculations quickly and determine optimal parameters.
It makes design work faster, more transparent and more efficient.

At the same time, Al can only be used safely and effectively if designs are accompanied by
continuous peer review and feedback. Without engineering knowledge, practical experience and
consideration of local specificities, MI proposals alone are not sufficient.

However, if used well and integrated into the design process with appropriate control, Al can
become a truly valuable tool for modern engineering practice.
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