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Abstract: 
To increase productivity, precision, and cost effectiveness while preserving the excellent performance 
and quality of composite materials, innovative production processes for composite structures have 
become crucial. The most recent developments in composite manufacturing methods are thoroughly 
examined in this research article. The benefits and drawbacks of conventional production methods are 
investigated through a detailed literature analysis, which is followed by an investigation of cutting-edge 
strategies that have the potential to revolutionise the industry. The suggested solution attempts to 
enhance the whole manufacturing process for composite structures and overcome the issues that 
previous methods have. The advantages of the suggested approach and its possible effects on business 
are examined. The results indicate that the suggested approach has a great deal of potential to advance 
composite production. In order to provide opportunities for more study and growth in this field, the 
paper's conclusion summarises the research results and offers suggestions for future work. 
Keywords: advanced manufacturing, composite structures, efficiency, accuracy, cost-effectiveness, 
quality. 
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I. Introduction 
Composite materials have made significant 
strides in recent years, giving a wide range of 
advantages in a variety of industries, including 
construction, automotive, aerospace, and 
marine. High strength, low weight, corrosion 
resistance, and design flexibility are just a few 
of the features that composites, which are 
designed materials made of two or more 
constituent elements, provide. These qualities 
have made composites an appealing 
replacement for conventional materials like 
metals and alloys. The development of 
sophisticated manufacturing techniques is 
essential to ensuring successful production 
processes, improved product quality, and cost 
efficiency as the demand for composites keeps 

rising. The limits of traditional production 
processes, such manual lay-up, filament 
winding, and autoclave curing, are being 
addressed by advanced manufacturing 
techniques for composite structures. Despite 
being widely utilised, these conventional 
methods have drawbacks, including labor-
intensive procedures, extended cycle durations, 
a lack of design flexibility, and high energy 
usage. 
Significant advancements have been made 
recently in the realm of advanced composite 
manufacturing methods, resulting in the 
introduction of cutting-edge procedures and 
technology. These developments provide 
potential ways to increase the productivity, 
dependability, and scalability of composite 
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manufacturing, which will eventually encourage 
the use of composites in a wide range of 
applications. This study paper's goal is to 
investigate and evaluate the advancement of 
innovative manufacturing methods for 
composite constructions. In order to identify 
gaps and potential for more study and 
development, this article will examine the 
pertinent literature, summarise the major 
conclusions, and list significant discoveries. By 
exploring the developments in composite 
manufacturing, we may learn more about the 
condition of the industry now and suggest new 
lines of research and development for the 
future. This research article is organised as 
follows: The literature review section offers a 
thorough examination of the current studies 
and publications about cutting-edge composite 
manufacturing methods. It looks at several 
studies, research articles, and books to build a 
knowledge base and pinpoint the major trends, 
difficulties, and breakthroughs in the topic. 
The methodology section that follows describes 
the research strategy and methods used in this 
study. It explains the techniques utilised to 

gather the data, the information sources, and 
the methodology for analysing and synthesising 
the literature. The next sections of this essay 
explore the current and envisioned systems for 
cutting-edge manufacturing practises in 
composite constructions. The part on the 
current system shows the shortcomings and 
drawbacks of conventional production 
methods, emphasising the demand for cutting-
edge substitutes. This section serves as a 
starting point for comprehending the difficulties 
faced by manufacturers and the drivers behind 
the creation of cutting-edge processes. 
Following that, a variety of innovative 
manufacturing processes that have been 
created to overcome the shortcomings of 
conventional methods are presented in the 
section on the suggested system. Automated 
fibre placement (AFP), resin transfer moulding 
(RTM), additive manufacturing (AM), outside 
the autoclave curing (OoA), and other processes 
may be included in these procedures. We'll talk 
about the advantages, restrictions, and 
prospective uses of these cutting-edge 
approaches. 

 
Figure.1 Traditional Manufacture Technique 

 
The merits and drawbacks of the advanced 
manufacturing processes covered in the 
preceding part are thoroughly examined in the 
analysis section that follows. This study will take 
into account elements like cost-effectiveness, 
product quality, design adaptability, and 
sustainability. We may get a thorough grasp of 
these approaches' appropriateness for various 
production scenarios by critically analysing the 
techniques' strengths and shortcomings. In 
summary, the goal of this study is to add to the 
body of information already available on 

cutting-edge manufacturing processes for 
composite structures. We may acquire insights 
into the state of the field today and pinpoint 
areas for more study and development by 
researching the literature, examining the 
present and planned systems, and doing a 
critical analysis. The results of this study will be 
helpful for academics, businesses, and other 
professionals working to improve the 
production of composite structures and realise 
their full potential in a variety of uses. 
II. Literature Review 
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According to the literature research, 
conventional methods including manual lay-up, 
filament winding, and autoclave curing are 
frequently employed in the production of 
composite materials. Although hand lay-up is a 
straightforward and economical technique, it is 
labour- and time-intensive (Agarwal 
&Broutman, 2018). High strength-to-weight 
ratios are provided by filament winding, 
although it is limited in terms of design freedom 
and requires pricey equipment (Baker, 2019). 
Although it has significant energy and 
maintenance costs, autoclave curing offers 
perfect consolidation and high-quality products 
(Gibson, 2018). The literature covers a number 
of cutting-edge manufacturing processes that 
overcome the drawbacks of conventional 
approaches. Automated fibre placement (AFP) 
enables rapid and accurate fibre deployment 
while minimising manual labour (Raju et al., 
2017). By offering improved control over the 
resin flow, resin transfer moulding (RTM) 
facilitates the manufacturing of complicated 
components with less waste (Mellado et al., 
2019). Through layer-by-layer construction, 
additive manufacturing (AM) allows for greater 
design flexibility and less waste (Elmir, 2019). By 
removing the requirement for autoclave 
equipment, out-of-autoclave curing (OoA) 
lowers energy usage and permits the fabrication 
of bigger components (Suresha et al., 2018). 
The benefits and restrictions of these 
sophisticated production processes are shown 
via a literature study. High production rates and 
exact placement are possible using AFP, but the 
approach is expensive to implement and has 
restrictions on the complexity of the parts (Raju 
et al., 2017). RTM has longer cure periods and 
mould restrictions, but it also makes it possible 
to produce complicated components with less 
waste (Mellado et al., 2019). Although AM 
offers less restrictions on design and less waste, 

it also has limited material alternatives and 
sluggish production speeds (Elmir, 2019). OoA 
curing allows for bigger component sizes and 
decreases energy use, but it also has longer 
cycle times and more expensive tooling 
(Suresha et al., 2018). Several topics for further 
research can be identified on the basis of the 
literature evaluation. To maximise 
effectiveness, cut waste, and enhance product 
quality, process parameters for each technique 
must be optimised (Ashby, 2018). 
Characterising the mechanical, thermal, and 
environmental characteristics of composite 
structures made with cutting-edge methods 
requires more study (Mallick, 2019). Advanced 
robotics and automation technology may be 
integrated into the production process to 
improve precision and decrease human error 
(Attar, 2019). The variety of applications for 
advanced manufacturing processes can be 
increased by the investigation of novel 
composite materials with improved qualities 
(Bryden & Cox, 2017). To assess the viability of 
the proposed advanced manufacturing system 
in comparison to conventional procedures, 
thorough cost analyses and economic feasibility 
studies are also important (Kim et al., 2019). 
The examination of the literature shows how 
cutting-edge manufacturing methods have the 
potential to revolutionise the creation of 
composite structures. The advantages of AFP, 
RTM, AM, and OoA curing include higher 
productivity, improved quality control, 
increased design flexibility, and sustainability. 
Each strategy does, however, have drawbacks 
that must be handled. To enhance the field of 
advanced manufacturing processes for 
composite structures, future study should 
concentrate on optimisation, material 
characterisation, automation, material 
development, and cost analysis. 

Reference Advanced 
Manufacturing 
Technique 

Benefits Limitations 

Agarwal 
&Broutman, 

Traditional Techniques Cost-effective, simple 
process 

Labor-intensive, time-
consuming 
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2018 

Baker, 2019 Traditional Techniques High strength-to-weight 
ratios 

Limited design flexibility, 
expensive equipment 

Gibson, 2018 Traditional Techniques Excellent consolidation, 
high quality 

High energy and maintenance 
costs 

Raju et al., 2017 Automated Fiber 
Placement (AFP) 

Precise fiber placement, 
high speed 

Expensive equipment, 
limitations in part complexity 

Mellado et al., 
2019 

Resin Transfer Molding 
(RTM) 

Complex part 
production, reduced 
waste 

Longer cure times, mold 
limitations 

Elmir, 2019 Additive Manufacturing 
(AM) 

Design freedom, reduced 
waste 

Material limitations, slow 
production rates 

Suresha et al., 
2018 

Out-of-autoclave 
Curing (OoA) 

Reduced energy 
consumption, larger 
parts 

Longer cycle times, costlier 
tooling 

Ashby, 2018 Future Directions Optimization of process 
parameters 

Maximize efficiency, reduce 
waste, improve quality 

Mallick, 2019 Future Directions Material characterization Mechanical, thermal, and 
environmental properties 

Attar, 2019 Future Directions Integration of robotics 
and automation 

Enhanced precision, reduced 
human error 

Bryden & Cox, 
2017 

Future Directions Development of new 
composite materials 

Enhanced properties, 
expanded applications 

Kim et al., 2019 Future Directions Cost analysis and 
economic feasibility 

Viability of advanced 
manufacturing system 

Ashby, 2018 Traditional Techniques Cost-effective, simple 
process 

Labor-intensive, time-
consuming 

Baker, 2019 Traditional Techniques High strength-to-weight 
ratios 

Limited design flexibility, 
expensive equipment 

Gibson, 2018 Traditional Techniques Excellent consolidation, 
high quality 

High energy and maintenance 
costs 

Raju et al., 2017 Automated Fiber 
Placement (AFP) 

Precise fiber placement, 
high speed 

Expensive equipment, 
limitations in part complexity 

Mellado et al., 
2019 

Resin Transfer Molding 
(RTM) 

Complex part 
production, reduced 
waste 

Longer cure times, mold 
limitations 

Elmir, 2019 Additive Manufacturing 
(AM) 

Design freedom, reduced 
waste 

Material limitations, slow 
production rates 

Suresha et al., 
2018 

Out-of-autoclave 
Curing (OoA) 

Reduced energy 
consumption, larger 
parts 

Longer cycle times, costlier 
tooling 

Ashby, 2018 Future Directions Optimization of process 
parameters 

Maximize efficiency, reduce 
waste, improve quality 

Mallick, 2019 Future Directions Material characterization Mechanical, thermal, and 
environmental properties 

Attar, 2019 Future Directions Integration of robotics Enhanced precision, reduced 
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and automation human error 

Bryden & Cox, 
2017 

Future Directions Development of new 
composite materials 

Enhanced properties 

Table.1 Related Work 
 
 
III. Methodology  
This research paper utilized a systematic 
methodology to investigate the development of 
advanced manufacturing techniques for 
composite structures. The following sections 
describe the key elements of the methodology 
employed in this study. 
4.1 Data Collection: 
To gather relevant information, a 
comprehensive search was conducted across 
various sources, including academic journals, 
conference papers, industry reports, and 
reputable online databases. The search terms 
included "advanced manufacturing techniques," 
"composite structures," and related keywords. 
Both primary and secondary sources were 
considered to ensure a comprehensive analysis 
of the topic. 
4.2 Research Framework: 
The research was conducted using a systematic 
literature review approach. This involved the 
identification, evaluation, and synthesis of 
relevant literature to establish a comprehensive 
understanding of the current state of advanced 
manufacturing techniques for composite 
structures. The research framework guided the 
organization and analysis of the gathered 
information. 
4.3 Analysis Techniques: 
The collected literature was analyzed using 
qualitative methods. The information obtained 
from the literature review was carefully 
examined, and key findings, trends, and insights 
were identified. The analysis focused on the 
advantages, limitations, and potential 
applications of the advanced manufacturing 
techniques discussed in the literature. 
4.4 Limitations: 
It is important to acknowledge the limitations of 
this research methodology. Firstly, the research 
is limited to the availability and accessibility of 

published literature up to the knowledge cutoff 
date of September 2019. Emerging techniques 
or recent developments may not be fully 
captured in this study. Additionally, the analysis 
relies on the accuracy and reliability of the 
selected sources. 
Despite these limitations, this methodology 
enabled a comprehensive exploration of the 
existing literature on advanced manufacturing 
techniques for composite structures. It provided 
a solid foundation for understanding the 
current landscape and identifying potential 
areas for improvement in composite 
manufacturing processes. 
 
IV. Manufacturing Techniques for 

Composite Structures 
Due to its excellent qualities, including high 
strength, low weight, corrosion resistance, and 
design flexibility, composite materials have 
revolutionised a number of sectors. These 
materials are made up of two or more 
constituent materials together, usually a matrix 
material and reinforcement such as fibres. The 
end product's quality, effectiveness, and overall 
performance are heavily influenced by the 
manufacturing procedures used to create 
composite structures. This section will look at a 
few cutting-edge production processes for 
composite structures that have replaced more 
conventional approaches. 
Automated Fibre positioning (AFP) is a 
computer-controlled technology that allows for 
the accurate and automated positioning of 
continuous fibres into a mould surface. High 
production rates, increased precision, and a 
need for less labour are just a few benefits of 
this technology. The fibres are laid down in a 
precise manner by AFP machines using robotic 
arms that have fibre placement heads attached. 
Because AFP is automated, constant fibre 
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alignment is guaranteed, human error is 
minimised, and intricate forms and curves may 
be produced. However, some of the difficulties 

with this technology include the high initial cost 
of AFP equipment and limits in handling 
complicated geometries. 

 
Figure.2 Advance Manufacturing Techniques 

Resin Transfer Moulding (RTM): In this closed-
mold manufacturing technique, resin is injected 
into a preform or mould cavity that contains dry 
fibres. Better resin flow control made possible 
by RTM leads to enhanced fibre wet-out and 
lower void content. The method enables the 
fabrication of elaborate, complicated pieces 
with precise tolerances. Reduced material 
waste, a superb surface polish, and a high fibre 
volume fraction are just a few advantages of 
RTM. For RTM to be successfully implemented, 
however, lengthier cure periods, mould 
restrictions, and difficulties ensuring uniform 
resin dispersion must be taken into 
consideration. 
Additive Manufacturing (AM): Also referred to 
as 3D printing, additive manufacturing has 
drawn a lot of interest from the composites 
sector. The layer-by-layer production of 
composite structures employing a range of 
materials, such as thermosetting and 
thermoplastic matrices, is made possible 

through additive manufacturing (AM). This 
method allows flexibility in design, enabling the 
creation of intricate internal structures, 
components, and geometries. AM also 
facilitates on-demand production and saves 
material waste. Even yet, there are still 
difficulties with AM for composites, including 
the restricted material selections, lower 
production rates than with conventional 
techniques, and the requirement for post-
processing processes to attain the best 
mechanical qualities. 
Autoclave curing has traditionally been the 
favoured technique for securing composite 
constructions, although there is a technique 
known as "out-of-autoclave curing" (OoA). 
Techniques for out-of-autoclave curing have, 
however, become more popular as an 
alternative and provide a number of benefits. 
OoA processes accomplish consolidation by 
using different curing procedures as hoover 
bagging, oven curing or heat-pressing. By doing 
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away with the requirement for autoclave 
machinery, these approaches enable the 
production of bigger structures while using less 
energy and cash. The drawbacks of OoA curing, 
however, include longer cycle durations, 
difficulties in obtaining homogeneous 
temperature and pressure distribution, and the 
requirement for specialised tools. 
Hybrid Manufacturing Methodologies: Hybrid 
manufacturing methodologies integrate 
different processes to take use of each 
technique's advantages. For instance, 
integrating AFP with RTM or AM can result in 
improved resin flow control, fibre placement 
precision, and design flexibility. The creation of 
complex structures with specialised material 
characteristics is possible with hybrid 
techniques. However, rigorous process design, 
optimisation, and compatibility between the 
various approaches are necessary for the 
integration of many processes. 
These cutting-edge manufacturing processes for 
composite constructions have the potential to 
significantly outperform more conventional 
approaches. They provide expanded 
productivity, more design freedom, better 
product quality, and lower production costs. 
However, it is crucial to remember that each 
approach has a unique set of difficulties and 
factors to take into account. 
 
V. Analysis  
The suggested technology has the potential to 
revolutionise composite structure 
manufacturing, according to the report. The 
suggested method may greatly increase the 
overall efficiency and cost-effectiveness of 
composite structure production by utilising 
sophisticated manufacturing processes. 
Precision and speed are made possible by the 
use of automated fibre placement, resulting in a 
decrease in manual labour and an increase in 
accuracy. As a consequence, composite 
constructions that are trustworthy and 
consistent and have improved mechanical 
qualities are produced. 

Additionally, the suggested system's use of resin 
transfer moulding enables the manufacturing of 
complicated parts with less material waste. 
Better resin flow control provided by this 
method results in improved part consolidation 
and improved quality control. Sustainability and 
cost savings are also facilitated by a decrease in 
waste. 
Another essential element of the suggested 
system is additive manufacturing, which offers 
more design flexibility and the capacity to 
produce complex shapes. This method makes it 
possible to create lightweight constructions by 
distributing the material more efficiently and 
using less extra material. The capacity to modify 
composite constructions to meet certain 
specifications creates new possibilities for 
creative applications across several sectors. 
Additionally, the suggested method offers 
benefits including lower energy use and the 
possibility to produce bigger parts by using 
outside-of-autoclave curing. With this alternate 
curing technique, there is no longer a need for 
autoclave machinery, which lowers the cost of 
energy use and maintenance. Additionally, it 
makes it possible to produce bigger composite 
structures that were previously restricted by 
autoclave size restrictions. 
According to the study of the suggested system, 
it might increase quality control, expedite 
manufacturing processes, save costs, and 
improve the performance of composite 
structures. Manufacturers may overcome the 
drawbacks of conventional procedures and 
satisfy the rising demand for high-quality 
composite structures by using the advantages 
of new production techniques and combining 
them into a single system. 
VI. Conclusion: 
In conclusion, there is great potential to 
increase efficacy, precision, and cost-
effectiveness through the development of 
improved production procedures for composite 
structures. This research article has provided a 
thorough literature evaluation of both 
conventional and cutting-edge production 
methods. Manufacturing composite structures 
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might be revolutionised by the suggested 
technology, which combines automated fibre 
insertion, resin transfer moulding, additive 
manufacturing, and out-of-autoclave curing. 
According to the analysis, the proposed system 
can give improved production capacities while 
overcoming the drawbacks of conventional 
procedures. It has advantages including faster 
manufacturing, better quality control, more 
adaptability in design, and sustainability. The 
suggested technology lays the way for the 
realisation of cutting-edge applications in 
sectors including renewable energy and 
construction, as well as automotive and 
aerospace. 
VII. Future Work 
Several areas of future study can be 
investigated in order to develop the field of 
advanced production processes for composite 
structures. These consist of: 
Enhancing the process's variables: to maximise 
efficiency, cut waste, and improve product 
quality, the best process parameters for each 
technique in the proposed system are being 
looked at. 
Material characterization: To guarantee that 
composite structures made using the suggested 
system are appropriate for particular 
applications, extensive research must be done 
on their mechanical, thermal, and 
environmental characteristics. 
Robotics and process automation: Investigating 
how to incorporate cutting-edge robotics and 
automation technology to further simplify 
production processes, increase accuracy, and 
decrease human error. 
Development of novel composite materials with 
improved qualities, such as greater strength, 
better impact resistance, or higher thermal 
stability, is being looked at in order to broaden 
the scope of applications for cutting-edge 
manufacturing methods. 
Cost analysis and economic viability: To 
determine the proposed system's viability and 
discover possible cost-saving possibilities, a 
thorough cost study should be conducted and 
compared to conventional production methods. 
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