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Abstract

The study encompasses multiple industrial sectors, with a
particular focus on those where additive technologies can be
effectively implemented. The most vulnerable element of the
production process is the production line equipment employed in
serial production, where the interdependent and continuous
sequential processes are highly vulnerable to a potential failure
on the production line. The availability of parts for complex
production line equipment, often from other continents, is very
limited at the point of end-use, so that the failure of even a single
component can cause a complete shutdown of production and
gigantic losses. However, the integration of an additive
manufacturing tool within the maintenance department of the
respective plants could offer a viable solution in such
circumstances. The present study investigates the impact of
additive manufacturing technologies on the development of
supply chains. The large-scale industrial implementation of
additive manufacturing technologies should be approached in a
manner analogous to the integration of surgical robots in the
medical field: while experiments are underway, their widespread
utilization remains impractical, either from a financial or
technological standpoint.

1 Introduction

The supply chain can be defined as the logistical network encompassing the procurement of

raw materials and the delivery

of finished products to final consumers. It encompasses

manufacturing, transportation, warehousing, distribution, and all other activities essential for the
delivery of products and services to the market. Supply chains are characterized by their
considerable size and intricate interdependency, rendering them particularly vulnerable. The

disruption of a single link in the

chain can have a cascading effect, affecting all subsequent

processes. The following section outlines the primary challenges associated with supply chains:

Inventory management
Supply disruptions

Cost and price volatility
Sustainability challenges
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The issues previously referenced must be addressed by care systems. The ability of the
system to manage these challenges is contingent upon the inherent resilience of the supply chain.
In the context of supply chains, resilience is defined as the capacity to withstand and defend against
external influences, while resilience is defined as the ability to recover from a problem that has
already occurred. The present study investigates the impact of additive technologies on the
resilience and resilience of supply chains.

2 Method

The initial phase of the research was devoted to a comprehensive review of state-of-the-art.
The fact-finding phase of the research work can essentially be interpreted as a preparatory
operation. The objective of this process is to identify a perspective that has not been extensively
examined within the field. It is during this exploratory phase that the research team will determine
the approaches to be taken and the lines of enquiry to be pursued in addressing the impact of
additive manufacturing technologies.

The investigation of the state-of-the-art was based on articles from various scientific journals.
The resultant findings were summarized in an effort to determine the number of articles relating to
the interconnection of additive manufacturing technologies and supply chains. To summarize the
articles, an aggregation chart (1. Figure) was created, which arranged the articles according to the
year of publication and the keywords mentioned above.
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1. Figure: The number of research activities in the project scope

As illustrated in the lower part of 1. Figure, there has been a substantial increase in the number
of studies and research papers examining the relationship between additive manufacturing
technologies and supply chains. [1] The red bar on the right-hand side of the bar chart indicates the
projected number of publications for the year 2024, which is estimated to approach 5,000 articles on
this subject. It is important to note that these results are highly forward-looking, as the significance
and timeliness of the topic is further emphasized by these figures. A methodology was formulated
for the classification of publications. [2] The proposed procedure is not only subjectively based on
differing opinions from person to person, but also more objective, comparing all research with all
publications and thus establishing a priority order. [3] For the purposes of this evening's discussion,
| have applied the COMBI method, a decision support formula that exhibits the aforementioned
properties. The COMBI method is distinguished by its ability to process quantifiable data while
producing more reliable results.
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The COMBI method was utilized to identify publications that would be examined in greater
detail. The primary focus of this investigation was the results obtained, the extent to which they were
covered, and the conclusions and implications that the authors drew at the conclusion of their
respective publications.

3 Results

3.1 Main outcomes from the investigation of state-of-the-art

The outcomes of the examined publications exhibited variability, attributable to the diverse
approaches adopted in addressing the subject.[8] However, there was unanimous consensus among
the authors that additive manufacturing could not substitute for mass production machinery, as the
production time and cost of the products was excessively high, and the process would not be
profitable. Nevertheless, there are other areas where additive manufacturing technologies have
great potential. Specifically, its integration into production processes could enhance efficiency by
reducing defects and prioritizing maintenance. Conversely, in industries where high-volume
production is not financially viable, the product range is extensive and demand is subject to
fluctuations in all respects, the utilization of additive manufacturing technologies is also justifiable.
An illustrative example of this is the spare parts supply segment of the automotive industry.[6] [9]

3.2 The application of additive technologies within the domain of logistics

Additive technologies are assuming an increasingly significant role within the logistics sector,
with the capacity to enhance efficiency, reduce expenditure and accelerate processes across a wide
range of domains. The following areas are illustrative examples of the present application of this
novel technology.[4]

3.2.1 Manufacture of parts and spare parts

Additive manufacturing facilitates the expeditious and cost-effective production of spare parts
or special components for transport or warehousing systems by logistics companies. This method is
especially advantageous when a company requires components that are no longer available in the
commercial marketplace, or when expeditious provision is imperative to address fluctuating demand.
[5]

3.2.2 Personalized packaging

The advent of 3D printing technology has profoundly impacted the logistics sector, particularly
in the realm of packaging. This technological advancement has enabled logistics companies to
create customized packaging solutions that are optimized to fit the specific characteristics of
products, thereby reducing transportation expenses and enhancing product safety. This
personalized packaging is of particular importance when transporting goods that are delicate or
valuable.

3.2.3 Development of warehousing systems

Additive technologies have the capacity to facilitate the producing of specific warehouse
devices. To illustrate this point, consider the production of components for automated storage
systems (AS/RS) or warehouse robots. The utilization of 3D printing in such contexts has been
demonstrated to facilitate enhanced efficiency, reduced production time, and cost optimization.

3.2.4 Parts of transport equipment and vehicles

The application of additive technology by logistics companies has enabled the expeditious
fabrication of components for various forms of transport equipment, including loaders and forklifts,
as well as transport vehicles. In the last time, this approach has started to replace the conventional
manufacturing methodologies, which have been characterized by protracted timelines.
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3.2.5 Optimization of logistics networks

Additive technologies have the capacity to assist logistics companies in the expeditious
production of sample models and prototypes, which can facilitate the design and optimization of
logistics networks. The establishment of 3D print shops facilitates the production of a more extensive
range of smaller series. The operation of such facilities can be characterized by their substantial
numbers and decentralized structure, resulting in a more distributed production model.
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2. Figure: Supply chain structure in the traditional production network [3]

Figure 2 illustrates the typical topology of a conventional logistics networks nowadays, while
figure 3 forecasts the new structure of the network supported by additive technology. It is very
conspicuous that the structure will be clearer and simpler as in the conventional case, but it is
important to emphasize that in the new structure new challenges must be identified and solved in
the future.
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3. Figure: Supply chain design in additive manufacturing supported production [3]
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Moreover, it is evident that the supply chain topology facilitated by additive technologies is
characterized by enhanced streamlining. The reduction in the number of participants involved is
indicative of a more integrated system, with these the members of the chain assuming a greater
number of tasks.

3.2.6 Innovative transport solutions

The advent of 3D printing has engendered a paradigm shift in the domain of transportation,
opening the way for the development of innovative solutions and equipment. This technological
advancement has the potential to usher in a new era of bespoke, lightweight, and robust transport
structures that promise to enhance operational efficiency, reduce expenditure, and expedite
transportation processes.

3.2.7 Sustainability and waste reduction

Additive technologies enable logistics companies to utilize a reduced quantity of material by
printing only the amount required, thereby minimizing unnecessary waste. Furthermore, the potential
for local production can decrease the necessity for transportation, thereby reducing environmental
impacts.

4 Future possibilities in the detailed analysis

In the following discussion, some of the options will be highlighted that has been described in
the results of investigation of state-of-the-art and which have the greatest potential in the future.

4.1 Effects on performance of supply chains

In the context of the automotive industry, additive processes find greater application in group
or workshop allocation, with particular relevance to the supply of spare parts. This aspect is of equal
importance to the manufacturing activities of car manufacturers themselves. The automotive industry
is obligated to ensure the supply of spare parts in a timely and uninterrupted manner, due to both
high demand and regional and EU legislation. Additive manufacturing technologies, such as 3D
printing, are particularly relevant for the supply of spare parts to the automotive industry, where there
is a high demand for unique, small quantities of parts. The demand for such parts is often subject to
variation, and it is not always economically viable to produce or stock large quantities, particularly
for components that are less frequently used and for older models. The adoption of additive
manufacturing enables the production of parts to be tailored to individual orders, thereby reducing
inventory costs and delivery times. This approach fosters greater flexibility by enabling rapid
responses to specific needs, thereby ensuring that customers receive the necessary spare parts in
a timely and cost-effective manner. This approach also benefits sustainability by reducing
unnecessary production and waste, and optimizing inventory management. It would be very
important to estimate the performance in various time- and quantity-based indicators the difference
between the conventional and the additive manufacturing supported systems. In order to do this,
specific simulation models must be developed fitted to specific use cases. In this way hypothetical
potential can be discovered, and the possible gaps for future developments can be identified.

4.2 Effects on resilience and resistance of supply chains

The advent of additive manufacturing technologies has been demonstrated to enhance the
resilience of supply chains by facilitating a more expeditious response to disruptions and fluctuations
in demand. Technology facilitates expeditious substitution of parts and products, mitigates inventory
management risks, and fosters local manufacturing, thereby diminishing the repercussions of global
supply issues. Moreover, the flexibility afforded by additive manufacturing to production processes
enables supply chains to adapt to market conditions and to recover from turbulence with greater
alacrity. To measure the resilience and resistance is not a matter of course. There are not any exact
general numerical indicators because the specific cases request specific indicators. In the future, it
would be very useful to define some indicators specialized to the additive manufacturing supported
chains to estimate in an exact way the hypothesized increase. [7][10]
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These indicators can be integrated into the above-mentioned simulation models, and in this
way with several numbers of numerical experiments the impacts will be investigated and identified.

5 Summary

Additive manufacturing technology has been demonstrated to make a significant contribution
to improving the resilience and robustness of supply chains. This is achieved by enabling rapid
adaptation to disruptions and reducing global supply risks. Technology facilitates the local production
of spare parts, ensuring the swift restoration of operational systems and the mitigation of associated
expenses and periods of inactivity. This is of particular importance in cases where long-term
production downtime or supply chain disruptions render the sourcing of parts a challenging
endeavor. The capacity for agile and prompt response to change is a key advantage of the
aforementioned technology. The planned future study will build on this research by developing
scenarios for both of the options outlined in the detailed analysis part and building models to
demonstrate the viability of additive technologies in supply chain operations.
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