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Abstract  Additive Manufacturing (AM) has shown to have a high potential to produce spare parts on demand. However, the 

use of AM to produce spare parts on demand faces challenges related to material availability, quality, part size, cost, and pre- and 

post-processing operations. From existing literature, most studies focus on a single use case. Other studies focus on the applications 

of using AM from a general perspective, rather than a specific AM process. This study attempts to close this knowledge gap by 

considering the AM of spare parts and processes by undertaking a thorough review of scientific articles regarding different AM 

processes and materials being utilised for spare parts. Current publications do not explore all potential materials that are available, 

and do not investigate a broad range of industrial sectors. It was also found that the tooling industry and use for rapid prototyping are 

largely left out. The study also showed that the use of Material Jetting and Binder Jetting are less frequently used for end-use spare 

parts and Sheet Lamination is rarely used at all. In contrast, we found that Directed Energy Deposition was most popularly used for 

repairing spare parts, followed by Powder Bed Fusion and Material Extrusion that are prevalent in most industries. This study revealed 

that further development on the use of Binder Jetting and Material Extrusion would allow for more possibilities in the use of high-

value pare parts for sectors such as aerospace, automotive, energy, defence, consumer products and medical industries. 
 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 
 

1. Introduction  

Additive Manufacturing (AM) is a process that produces physical 
parts by adding material layer-by-layer using a 3D model data 
as an input [1]. Digital manufacturing processes, such as AM, 
Computerised Numerical Control (CNC), laser machining, laser 
forming, incremental sheet forming have attracted significant 
attention in “Just-in-Time” production of spare parts [2-4]. In this 
context, “spare parts” refer to components that are used to 
replace old or broken parts in an equipment. They are designed 
to be removable and replaceable and can be bought separately. 
Using AM processes, spare parts are usually limited to the 
production of components made from a single material, often 
plastics, metals or ceramics. The concept of “digital spare parts” 
involves the production of components based on using digital 
manufacturing technologies on demand and often at close 
proximity to the end-user. 

AM can help address current problems related to spare parts, 
such as product obsolescence, criticality, and capital 
commitment [5-7]. The use of AM has been investigated from 
various perspectives to improve spare part manufacturing and 
supply chain management, ensuring market resilience, as well 
as to fulfil requirements for legacy machines. This includes 
reducing warehouse and maintenance requirements while 
improving responsiveness, product performance, and machine 

lifetime [8]. The aim of this paper is to conduct a thorough review 
of the AM industrial sector and to identify the state-of-the-art of 
AM produced spare parts as shown in Table 1. It is hoped that 
this article will provide a better understanding of the use of AM 
produced spares, foster further research in this area and to 
encourage a wider industrial adoption of AM produced spares. 

To ensure relevance and to capture state-of-the-art literature, 
the research for papers was focused on publications from 2019-
2022 regarding articles with spare parts or considering and 
mentioning specific AM processes with use of spare parts. Using 
various search engines including Scopus, Web of Science and 
Google Scholar, it was found that very little articles about 
different AM processes and materials for spare parts exist. 
Some papers cited challenges in adopting AM for manufacturing 
spare parts, such as lack of material and design knowledge [8]. 
In addition, most studies on AM spare part supply chains are 
theoretical in nature and do not consider manufacturing 
processes and related post-processing requirements. The 
search did identify a few reviews on spare parts utilising AM 
although they did not consider actual AM processes and 
materials or only used a single process as an example. In 
contrast, there are more reviews about using specific AM 
processes or for specific industry sectors. Therefore this paper 
aims to close this knowledge gap by focused on all AM 
processes and available materials used for the production of 
spare parts. 
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Table 1. Related review articles in AM sector related to spare parts and/or 

AM processes from 2019-2022. 

 

 Description 
Spare 

part focus 

AM processes 

considered  

 [9] 
Classification and selection of 

spare parts suitable for AM 

Yes PBF, BJ 

[10] Metal AM in aerospace No PBF, DED 

[11] AM in aerospace No General AM 

[12] AM in energy sector No General AM 

[13] 
AM technologies in 

shipbuilding 

Partly DED, MEX, PBF 

[14] 
AM and spare parts supply 

chain 

Yes General AM 

[15] 
AM and spare parts 

management 

Yes General AM 

[16] Metal PBF No PBF 

[17] PBF No PBF 

[18] AM in aerospace 
No PBF, MJ, MEX, 

VP, DED 

[19] 
AM on the supply chain of the 

aerospace spare parts  

Yes General AM 

[20] 
AM for spare parts: supply 

chain management 

Yes General AM 

[21] 
Decentralised Spare Parts 

Production for Aftermarket 

Yes General AM 

[22] 
Wire arc AM of aluminium for 

aerospace and automotive 

No DED 

[23] 
AM of polymer-based 

composites for automotive 

No PBF, MJ, SL, 

MEX, VP 

Current 

study 

AM processes and materials 

for spare parts 

Yes PBF, BJ, MJ, SL, 

MEX, VP, DED 

Previous reviews studied the selection and classification of 

spare parts that could be potentially suitable for AM, focusing on 

Powder Bed Fusion (PBF) and Binder Jetting (BJ) methods [9]. 

Sector-specific reviews include aerospace, energy, shipbuilding 

and automotive sectors are available, but they do not solely 

focus on spare parts [10-13,18,23]. In addition, reviews that 

investigate specific AM processes are available [16-17,22]. 

Many spare part-related reviews have an operations 

management perspective, generalize the use of AM, and do not 

consider which particular AM process could be most suited for 

manufacturing the spare parts [14-15,19,20,21]. Some papers 

explored the broader difference between different AM 

processes but do not have a spare part focus and only looked 

at one industrial area, such as for aerospace or automotive 

sectors [18,23]. Commonly, the use of PBF for producing spare 

parts is studied widely [9-10,16-18, 23], followed by Material 

Extrusion (MEX) [13,18,23] and Directed Energy Deposition 

(DED) [10,13,18,22]. Other processes such as Sheet 

Lamination (SL) is rarely used for spare parts. 

This study investigates the different AM processes and 
materials utilised in the industry, mainly focusing on methods 
that have a potential research gap in spare parts manufacturing. 
The study is based on the following research questions: 

1. AM processes and materials: What ISO/ASTM-based AM 
processes and materials are utilised for manufacturing and in 

which sector? Is there a potential to produce spare parts? → 

Section: Additive manufacturing processes 

2. Selection of parts: How do we select suitable spare parts for 

AM and acquire data for manufacturing?  → Sections: 

Selecting suitable spare parts for AM and Input of spare part 
data 

3. Reasoning: What possibilities and challenges do AM-

fabricated spare parts pose? → Section: Possibilities and 

challenges for spare parts produced via AM 

4. Future: Based on the current technological developments, 
what processes and applications indicate future scientific 

potential? → Section: Discussion, Conclusions & Future 

perspectives 

Based on Table 1, none of the previous reviews considered all 
available AM processes and no existing papers have a focus on 
spare parts.  

2. Additive manufacturing processes 

ISO and ASTM group AM processes into seven distinct 
categories: 1. Material Extrusion (MEX), 2. Powder Bed Fusion 
(PBF), 3. Material Jetting (MJ), 4. Vat Photopolymerisation (VP), 
5. Binder Jetting (BJ), 6. Directed Energy Deposition (DED), and 
7. Sheet Lamination (SL) [1]. Each category has multiple 
derivatives, vendors, suppliers, devices and materials. The 
biggest challenge when undertaking a systematic review is that 
several different terms are sometimes used for certain 
technologies, including trade names, commercial names, 
commonly used terminology, or even terms coined 
independently. For example, the Material Extrusion process is 
often called Fused Deposition Modelling (FDM), the trade name 
for Stratasys, or Fused Filament Fabrication (FFF). Sheet 
Lamination of metals is sometimes referred as Ultrasonic 
Additive Manufacturing (UAM) [24-26] or Laminated Object 
Manufacturing (LOM). In addition, new developments challenge 
the current knowledge; for example, considering AM processes 
capable of making metal parts - in scientific literature, all 
processes are capable of this [25-32].  

2.1 Different AM processes and materials in 
industrial sectors  

AM is utilised in many industries, such as aerospace, marine, 

medical and consumer products. Certain sectors have a wider 

adoption when using AM and also based on the size of the 

market. According to the Wohlers Report in 2021 [33], the most 

significant industrial sectors utilising AM are aerospace (16%), 

automotive (16%), medical (14%), consumer electronics (13%), 

energy (11%) and defence (7%) (Fig. 1). Therefore, in this study, 

considering end-use parts, these categories were selected to 

represent the industrial sectors for further investigation. 

These end-use domains were selected because these methods 

and materials can also be used for manufacturing spare parts. 

However, for certain end-products, such as medical pre-

operative human models do not have a reference point for spare 

parts. Thus, this study excludes the use of AM at home, 

construction activities or printing of food or edible items. A 
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scientific literature search was performed using Scopus, Web of 

Science and Google Scholar databases on the different AM 

processes utilised in various industrial sectors. Initially, the 

literature search focused on using ISO/ASTM process 

terminology with a combination of industry and sector names. 

When no relevant search results were found, trade names or 

equipment manufacturer names were then used. 

 

 
 

Fig. 1. Distribution of AM industry sectors utilising AM [33]. 

The literature search focused on gathering examples for each 

category and to determine which AM processes for each sector 

had significant gaps. When at least one or a few examples were 

found, the focus was moved to other processes and industry 

sectors. To ensure relevance, all findings from the literature 

search was carefully scrutinised using two criterions: (1) Does 

the paper belong to the industry sector, and is it considering end-

use parts? (2) Are AM processes and materials described? The 

search terms used are listed in Table 2, and the search was 

performed during the period of November to December 2021, 

as shown in Fig. 2. 
 

Table 2. Search terms for different AM processes in industrial sectors. 

Industrial sectors 
AM 

process 

Process term Manufacturer 

“Aerospace or 

Automotive or 

Medical or Consumer 

products or Energy or 

Defence” 

 

“Car or implants or 

nuclear or oil & gas or 

military or fighters” 

PBF 

“powder bed fusion or 

PFB or selective laser 

sintering or SLS or direct 

laser sintering or DMLS” 

 

MEX 

“material extrusion or 

fused filament fabrication 

or FFF or fused 

deposition modelling or 

FDM” 

 

VP 

“vat photopolymerisation 

or stereolithography or 

SLA” 

“Formlabs” 

MJ 
“material jetting or polyjet 

or nanoparticle jetting” 

“Objet” 

BJ 
“binder jetting or colorjet 

printing” 

“Zcorp or 

Zprinter” 

SL 

“sheet lamination or 

LOM or laminated object  

manufacturing” 

“Mcor or 

Fabrisonic” 

DED 

“directed energy 

deposition or DED or 

laser engineered net 

shaping or LENS” 

 

 

 

Fig. 2. Flowchart of the literature search. 

 

It was found that existing review articles were focused on the 

classification and selection of spare parts being suitable for AM 

[10] as well as the utilisation of different AM processes for 

various industries, such as aerospace, energy, marine and 

automotive sectors [11-15]. Generally, these studies either do 

not classify the use of all AM processes or review only a single 

AM process. They also do not distinguish between prototyping 

and what the actual end-use parts are. The findings of the 

literature search is presented in Table 3. Based on findings [33] 

the characteristics of different AM processes based on material 

form, material class, and maturity is described in Table 4.  

 

Table 3. Characteristics of different AM processes and maturity based on the 

search of processes and providers from Wohlers 2021 [33]. 
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Table 4. Different AM processes and materials in industrial sectors 

considering end-use parts. 
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3. Selecting suitable spare parts for AM 

Different approaches can be used to produce spare parts from 
AM [9,70-71]. First among them is the technical approach which 
requires considerations such as whether the AM process can 
use the same or a suitable alternative material as the original 
spare part, whether the spare part can fit into the build chamber, 
whether the AM spare part can be produced according to 
functional requirements and geometric specifications, and the 
weight of the part which is sometimes used for estimating costs. 
[9] While opting for this approach, we should consider standard 

items such as bolts, nuts and bearings that are commercially 
impractical for production via AM [72]. In addition, electronics 
and assemblies can be complex, even though components from 
those assemblies can be made. The amount of data for spare 
parts that need to be analysed can be reduced by categorising 
and filtering out standard items, assemblies and electronics. 
Even though AM might be technically feasible for certain spare 
parts, this does not mean that they are economically viable for 
production using AM. 

The second approach utilises the supply chain management 
perspective, such as demand, lead time, stock, order costs, and 
supply risk [70]. This approach determines the improvement 
potential of the supply chain and whether the improvements are 
economically justified and strategically feasible. It is necessary 
to analyse whether the parts can be fabricated using AM. If the 
data is available and the production is well organised, then both 
approaches can be used simultaneously, i.e., taking out parts 
that cannot be produced by AM, as well as spare parts that do 
not have economic potential [71]. Subsequently, certain spare 
parts that have the most economic potential can be turned into 
a viable business case. 
  
3.1 Input of spare part data 

One common problem in manufacturing spare parts is the 
availability of data [8]. Currently, digital data is primarily available 
only for newly designed spare parts where a 3D CAD file exists. 
Therefore, there is a need to acquire data for old and legacy 
spare parts, which would require 3D scanning and 
measurement of such parts and understanding their functional 
requirements, load and relation to other parts to define 
tolerances and materials [73]. This may require a significant 
amount of engineering effort, but for less demanding geometries, 
the use of direct 3D scanning and AM is sufficient [74-75]. If 
technical drawings are available, they can be used to remodel 
the component as the material specifications and tolerance 
requirements are already indicated in those drawings [76]. 
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Conversely, while a 3D CAD model with material and tolerance 
annotations of new parts may exist, their manufacturing 
methods might differ [77]. This should be considered when 
defining machining allowances for spare parts. In the best-case 
scenario, the 3D model and documentation would include 
specifications on how a spare part should be produced using 
AM methods, which makes the process directly viable to 
manufacture new spare parts [72]. In other cases, having more 
input for the data such as by having technical drawings could be 
easier and much faster to reverse engineer as compared to 
having a single input. Fig. 3 shows different reverse engineering 
processes for spare parts based on input data.  

 
Fig. 3. Different reverse engineering processes for additively manufactured 

spare parts based on input data 

 

 

3.2 Possibilities and challenges for spare parts 
produced via AM 

AM offers many possibilities for the production of spare parts. 
However, many challenges still exist, which can be chiefly 
categorised into technical, economic and organizational factors 
(Table 5). Most of these possibilities for spare parts produced 
using AM are related to reduced warehousing, lead time, and 
costs, as well as increased sustainability and local/on-demand 
manufacturing. The technical challenges include limited material 
options, tolerances, quality, build chamber size, production 
speed, and pre- and post-processing. From an economic and 
organisational perspective, cost, strategy and expertise appear 
to present a greater and longer-term challenge. 

 

Table 5. Related review articles in AM sector related to spare parts and/or 

AM processes from 2019-2022. 
 Possibilities Challenges 

Consumer electronics 

[78] 
Reduction in duration of 

the repair process 
Surface quality 

Industrial & commercial machines  

[79] 
Reduction in warehousing 

and cost-effectiveness 

Expertise, high minimum order 
quantities, and costly after-

sales strategy 

[70] 
Reduction in costs, 

improved availability, and 
lower carbon emissions 

The limited size of possible 
components, inadequate 

quality, variable quality across 
AM equipment, and lack of 

parts data 

[80] 
Shortened lead times and 
the promise of tool-less 

manufacturing 

High AM-piece prices and 
uncertain AM technology 

advancements 

Defence 

[81] 

Reduction in lead times 
and responsiveness, 

improvement in system 
readiness, and 
sustainability 

Sourcing, security, and 
intellectual property issues 

[82] 

On-site inventory 

reductions and increased 
asset availability 

On-site raw material storage 

General  

[83] 
On-demand 

manufacturing 

Speed, volume, material range 
and cost, quality, automation, 
business strategy, education 

[84] Cost-effectiveness Optimisation complexity 

[85] 
Superior sustainable 

performance in the supply 
chain 

High fixed costs, such as 
purchasing cost of AM 

equipment 

[86] 

In-situ repair and 
remanufacturing enabled 

by the availability of digital 
designs; component 

upgradation during the 
repair process 

Limited availability of digital 
designs and cost of acquiring 

new ones; certification of spare 
parts to overcome liability 

issues 

[87] 

Increased 
responsiveness, 
minimised supply 
disruption, cost 

optimisation, part 
complexity and 
sustainability 

Technology awareness, 
intellectual property issues, 

costs and return on investment, 
strength, and physical 

properties of AM-produced 
parts 

Automotive 

[88] 

Products with superior 
performance; reduction in 

manufacturing and 
logistics time and costs 

Standards regarding the 
certification of raw materials, 
machines and manufacturing 
processes, and final products 

[89] 

Centralised AM is 
beneficial for capacity 

utilisation but less 
favourable for short lead 

times and minimal 
downtime costs. 

Scale economies in 
manufacturing, bundling of 
design, and manufacturing 

competencies 

[90] 

Improved supply-chain 
reliability and flexibility, 

reduced inventory-related 
costs, decreased 

transports, reduced lead 
times, increased service 

levels, and increased 
customisation possibilities 

Network interdependencies 
and risks, ownership and 
information management, 

quality management, digital 
infrastructure and copyright 
infringement, organisational 

maturity and return on 
investment 

Marine 

[91] 
Local manufacturing, 
shorter supply chain 

Methods to ensure processes 
and test parts—standards 

Machinery & medical 

[92] 
Less reliance on buffer 
stock and less risk of 

obsolescence 
Cost of AM 

Aerospace 

Aero
spac
e [93] 

Up to 35% of AM parts to 
the spare parts inventory 
improves lead-time by up 

to 33% 

Restrictions in the size of the 
build chamber 

Process industry 

[94] 
Reduction in maintenance 

costs and extended 
machine lifetimes 

Tools to facilitate the 
identification of suitable parts 

and aid the optimisation 
Process 

When discussing products produced by AM, quality and post-
processing must be taken into account. Table 6 provides a 
general summary of different AM processes for spare parts in 
terms of commonality, quality and post-processing. Quality for 
AM is not only limited to the AM process, but also includes the 
design phase, machine-independent process plans (e.g., 
orientation and support structures), machine-dependent 
process plans (e.g., process parameters), post-processing, 
process monitoring, and certification and qualification of parts 
[95-96]. When comparing the differences between AM 
processes, the quality of the specific machine being used is 
important. Within the same process category, the quality can 
vary heavily between machine manufacturers, operators, in-
house quality control and even those re-working on the CAD 
model.  
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While PBF produced parts have demonstrated excellent quality 
with a fairly wide range of robust materials made available 
(Table 4), quality-related issues still exist, such as poor density 
[97]. In addition, process monitoring for metal PBF is an 
important topic [98]. MEX is the most common AM process for 
low and mainstream applications (Table 4). One most significant 
problems for MEX produced parts is that the material properties 
are dependent on the print orientation where the z-axis is 
typically the weakest direction [99]. MJ, BJ and SL are not 
commonly utilised for end-products and spare parts due to the 
moderate quality of the end use part (Table 4). DED shows high 
potential for repair with good material properties and quality with 
a robust scientific knowledge available for process quality 
control and monitoring (Table 4) [100]. Many articles have 
studied and compared different post-processing methods for 
different AM processes to remove the supports structures, 
improve surface quality, achieve required tolerances and 
enhance the mechanical properties [101-103]. The most 
common and typical ones are listed in Table 6. To achieve high-
quality parts, all steps within the process chain should be taken 
into account and to understand how they affect the quality of the 
end product. 

 
Table 6. Analysis of different AM processes for spare parts 

AM 
process 

Spare parts Quality  
Material  

properties 
Post-processing 

methods 

PBF Common Excellent  Excellent 

Plastics: bead blasting 

Metals: support removal, 

machining, heat-

treatments 

MEX 

Common, most 

widespread AM 

process 

Good  
Oriented, 

good 

Support removal: 

mechanical removal or 

dissolvable 

VP Common Good  Good 

Support removal 

mechanical and post-

curing 

MJ Not common Moderate  Moderate 
Support removal: 

dissolving, water jet 

BJ Not common Moderate  Moderate 
Infiltration: epoxies, 

cyanoacrylate 

SL Not common Moderate  Moderate Manual support removal 

DED Repairing Good  Good Machining 

 

4. Discussion and Conclusions 

While there are many review articles available in the literature 
regarding the utilisation of different AM processes for spare 
parts, most focus on AM from a general perspective or discuss 
applications of only a single AM process [9,14-15,19-21]. This 
study closes the gap by considering AM spare parts and 
processes to pave way for future research directions. The 
limitation of this study is that it does not explore all the possible 
materials and industry sectors, and tooling and prototyping are 
not investigated. In addition, the scope of this review is only 
limited to papers up to 2021. 

Finding published case studies related to specific industry 
sectors has been a challenge. Although there are many well-
known case studies from the medical industry, this is not the 
case for other sectors. One reason for this could be that the 
medical field has a well-established history of scientific 
publishing. In addition, many articles mention common industry 
names in the introduction section. However, the content of the 
articles are often not related to these industries, which has led 
to irrelevant search results. Also, the production of spare parts 
is often viewed with commercial sensitivity especially for the 
aerospace and defense sector. From an industry viewpoint, 
there are several relevant studies on material and mechanical 
properties, but they do not focus on a single industry or case 
study. For example, the utilisation of AM for spare parts has 
been reported by Shell, Daimler and Deutsche Bahn [104-106]. 
Typical spare parts produced via AM are generally made of a 
single material or a material similar to the original spare part 
material, and the size is typically limited to the volume of the 
build chamber. Often the geometry of the spare parts is not 
optimised for AM because this will require design changes. 
Generally, AM spare parts are produced in low volume and are 
often produced for old equipment, where it is challenging to 
forecast the demand. In addition, most review articles are written 
from a management perspective or are technical studies related 
to the AM process utilisation such as the selection of suitable 
spare parts [10], AM influence on the after-sales service [14], 
and the transition from conventional manufacturing to AM for 
spare parts management [15]. Notably, the potential of different 
processes is not considered. Similarly, there are many reviews 
on specific AM processes and its utilisation, such as metal PBF 
[16-17] or utilisation of different AM processes in a single 
industry [18]. However, none of them have explored this from a 
spare part manufacturing perspective 

This study found that the most common processes for 
manufacturing spare parts and end-use components are PBF, 
MEX and VP. This observation is related to the good quality of 
the PBF process, the widespread availability of MEX, and the 
accuracy and surface quality of VP. Generally, MJ, BJ, and SL 
processes are not suited for end-use component manufacturing. 
They have poor material properties, indicating insignificant 
potential for spare part manufacturing. DED is most commonly 
used for repairing components [107] which in this context could 
be considered for refurbishing spare parts. Although DED can 
be used to fabricate large parts, the surfaces that are produced 
generally require post-processing such as machining.  

There is scope to extend this research to better understand how 
AM can be better used to produce spare parts on demand 
(Table 5). In an ideal scenario, parts could be locally 
manufactured on demand and just in time without the need for 
an inventory. At the same time, in the context of distributed 
manufacturing, the IP of the design could be more challenging 
to trace and may lead to copyright issues. Industries that could 
benefit from using AM for spares typically have a long lifespan 
for these products. Low-volume spares with unusual and very 
infrequent demand are the best candidates for spare parts to be 
produced with AM. Typically these sectors are energy, defence, 
commercial machines, aerospace and the process 
manufacturing industry. It should be noted that some of these 
industries also have stringent quality requirements and with a 
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very long approval processes. Therefore, producing parts with a 
different manufacturing method should be justified, and the 
quality should be proven to authorities. On the other hand, this 
may not make economic sense for legacy products with low 
demand. The certification process, standards, and proof of 
quality should be further investigated to reduce existing barriers. 
Also, new products and components made by AM in these 
sectors will eventually increase the amount of AM spares, but 
will take time. Certain sectors with a shorter product lifespan, 
such as consumer products, could be considered from a 
sustainability perspective whereby the lifespan could be 
increased or at least supported with AM produced spare parts 
or even releasing 3D CAD models of the old products. All of 
these scenarios require more industry-related case studies. 

In a conventional approach, the value of using AM is derived 
from using principles related to Design for AM (DfAM). This 
allows an optimal AM part that uses less material and with 
minimal support structures yet achieving better performance. As 
most spares parts are usually designed for coventionale 
manufacturing processes, there is often too much material that 
resides in those parts. A redesign exercise would require time 
and effort, and if the demand is low, it might be easiest to 
manufacture the spare parts as it is. This approach does not 
often allow Design for Assembly since other parts around the 
component have to remain unchanged. The design and 
modifications for AM and assembly cannot be fully utilised for 
spare parts as compared to designing new end-use parts for AM 
from the beginning. That is a considerable design-related barrier 
that should be further investigated.   

4.1 Future perspective 

Based on the observations in the earlier section, it can be 
inferred that there is a considerable potential in using BJ that 
has existed for many years, especially fo producing metallic 
spare parts. There have been significant investments in the 
development of BJ which allows larger build chambers, offers a 
more comprehensive material range based on powder 
metallurgy methods, such as sintering, and has the potential to 
be more cost-efficient. This is in line with recent reviews about 
metal BJ [108]. In addition, MEX for metal, continuous 
composite plastic and high-performance plastic is another 
process that should be investigated [109-111]. Composite parts 
can replace certain metallic materials and since MEX is already 
widespread, it is expected that it could be used in manufacturing 
metal parts even though it requires separate sintering to make 
the parts solid. However, the need for proof of quality, 
standardisation and certification may delay the use of AM 
produced spare parts [79,82,87,112]. One quality-related aspect 
is the 3D CAD file that will require modifications to achieve a 
suitable outcome from the AM process [113]. 

In summary, the research gaps for different AM processes to 
produce spare parts, along with the indicative industrial sectors 
is summarised as: (1) MEX can be utilised for composites and 
metal parts manufacturing as it is cost-efficient, widespread, and 
can replace solid metal parts. (2) BJ has the potential for metal 
parts manufacturing as it is cost-efficient, offers a larger build 
chamber and has a more comprehensive material selection. (3) 
Proof of quality and certification are required for both energy and 
defence industries, particularly in the use of PBF and BJ for 

metal parts manufacture and certification. (4) More case studies 
are needed for the automotive, energy, defence, consumer 
products, and electronics industries for real parts manufactured 
using AM and to show results based on quality testing and 
certification. 

 

Fig. 4. Future possibilities for AM in spare parts: (a) Material extrusion – 

composite and metal parts. (b) Binder jetting – metal part. (c) Quality and 

certification – energy and defence. (d) Actual case study in automotive, 

energy, defence, consumer products, and electronics. 
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