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Abstract 
The paper will analyze how it is possible to optimize the manufacturing of 
aerospace components through the effective implementation of a blend of 
Computer-Aided Design (CAD) and Computer-Aided Manufacturing (CAM) 
systems. The research is founded on the optimization of the manufacturing 
process, precision and quality of the products by means of the systematic design of 
CAD/CAM process and the subsequent generation of the feature recognition and 
tool tracks with the CAM software. parametric design The aerospace component 
is a highly complicated component and the model is established with the help of 
the parametric design tools and the feature recognition and tool tracks are 
produced with the assistance of the CAM software. The CNC machining 
simulation is done to compare the performance increase in terms of production 
time, consumption of materials and machining accuracy. 
The findings indicate that the integrated CAD/CAM is saving significant 
production time about a third of the time, and reduces material wastes by 
approximately a quarter. Optimized toolpaths will result in the increase of quality 
of surfaces and efficiency of machining, meanwhile the adequate information 
transfer between CAD and CAM systems will decrease any mistakes and enhance 
credibility of the operation. Another aspect that is highlighted as significant in the 
integration of the workflow is system compatibility, post-processing optimization, 
and automation (Sahay and Chatterton, 2007). 
This is because this study is meant to simplify the procedure of integrating the 
CAD and CAM in order to improve manufacturing performance and quality of 
goods in the aerospace components manufacturing. It presents a predetermined 
procedure of the CAD/CAM process that contains parametric modeling, 
recognition, and simulation of CNC machining. It is applied to a complex 
aerospace component and demonstrates that the time spent on production is 
decreased by 30 percent, and materials waste is minimized by 25 percent. Some 
of the main aspects that are examined during the CAD/CAM integration include 
data exchange format, optimization of toolpath, machine specific post-processing. 
The results have shown benefits of a seamless CAD/CAM process in the 
reduction of lead times and competitive manufacturing. 

Keywords 
Interaction CAD/CAM, 
Aerospace Production, Process 
Structure, CNC Production, 
Production Productivity. 
 
 
Article History  
Received: 27 January 2026 
Accepted: 12 March 2026 
Published: 26 March 2026 
 
Copyright @Author 
Prof. Dr. Muhammad 
Saleh Shah 
 
 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030
mailto:salehshah@gmail.com
mailto:gohar_wazir@hotmail.com
mailto:srmassan@hotmail.com
https://doi.org/10.5281/zenodo.21453604


Spectrum of Engineering Sciences   
ISSN (e) 3007-3138 (p) 3007-312X   
 

https://thesesjournal.com                     | Shah et al., 2026 | Page 3777 

Introduction  
The industry of aerospace manufacturing is 
demanding in terms of high precision, geometries 
and strict quality requirements. The performance 
and safety requirements of the aerospace 
applications are high, that is why aerospace 
production is very technical and needs numerous 
resources. The traditional manufacturing process 
is generally separated in terms of independent 
design and manufacturing processes. This kind of 
disintegration can lead to inefficiency with regards 
to more time being spent on production, more 
wastage of materials and potential errors in 
relaying information to other systems. 
With the evolution of the digital manufacturing 
technologies, Computer-Aided Design (CAD) and 
Computer-Aided Manufacturing (CAM) systems 
are now an urgent way to increase the efficacy and 
precision of the production of aerospace parts. 
CAD gives the ability to create detailed parametric 
models and CAM can be utilized to generate 
toolpaths and machining instructions to be 
followed by the CNC machines. When properly 
coordinated, these systems may help in the smooth 
flow of data without having to handle it manually 
and likelihood of errors. It is also particularly 
necessary in the aerospace production in which a 
small variation can cause severe performance 
issues. 
The optimization of the CAD/CAM processes can 
be described in terms of a variety of elements, 
including feature recognition, generation of 
toolpaths, data exchange formats and machine 
specific post-processing. Through proper 
identification of features, it becomes possible to 
automatically identify geometric features hence 
planning tool paths more quickly and more 
precisely. Toolpaths are also optimized which 
reduces machining time as well as improving 
surface quality, 
 and, finally, at a higher level, data exchange 
formats guarantee that various software platforms 
are compatible. By responding to these aspects, 
manufacturers will be in a position to improve 
production efficiency and lower the cost of 
operations to a large extent. 
The research aims at coming up with the best 
CAD/CAM process design model to use in the 

production of aerospace components. Using the 
high-level modeling methods and CNC machining 
simulation, the study will prove the idea of how, 
through the integrated workflow, the production 
time, material waste, and the overall product 
quality may be improved. The research results will 
be useful in the further development of digital 
manufacturing practices and help improve the 
creation of more efficient and competitive 
aerospace production systems. 
 
2. Research Questions 
1. How does the combination of CAD and 
CAM systems impact on the efficiency and quality 
of products in the manufacturing of aerospace 
components?  
2. What is the role of the toolpath 
optimization techniques and feature recognition 
to reduce the production time and waste of 
materials?  
3. To what extent can optimized 
CAD/CAM workflow lead to the improvement of 
the overall manufacturing performance of 
aerospace industries?  
 
3. Research Objectives 
4. To study the possibilities of CAD/CAM 
integration to enhance the efficiency and accuracy 
of aerospace components manufacturing.  
5. To know the effectiveness of toolpath 
optimization and feature recognition in reducing 
the machining time and material wastage.  
6. The objective of the research paper is to 
develop and test an optimal CAD/CAM process 
design structure so as to increase productivity and 
competitiveness in aerospace manufacturing. 
 
Literature review 
The article (Afif, M. F., and Sarhan, A. A. D., 
2025) highlights the popularity of computer-aided 
process planning, digital twins, and smart 
manufacturing that are becoming more popular in 
the CNC machining space. In their article, they 
point out that implementation of these 
technologies enables real-time monitoring of the 
manufacturing processes, simulation and 
optimization of the processes. This can also be 
integrated in manufacturing of aerospace parts 
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whereby the engineers are able to simulate the 
machining process before actual manufacturing 
and this would reduce errors and increase 
efficiency. It is also mentioned by the authors that 
CAD/CAM systems and the application of digital 
twin technology can enhance the decision-making 
process since the systems are able to provide the 
appropriate predictions of machining outcomes. 
The approach is also favorable to the development 
of the streamline workflow where design and 
manufacturing procedure are closely incorporated 
to save the time and material wastage. 
The authors (Mamadjanov, A. M., Yusupov, S. M., 
and Sadirov, S., 2021) state the advantages and the 
opportunities of CNC machines in the modern 
production. As they are published, the strengths of 
the CNC technology include precision, 
repeatability and automation thus it is quite 
suitable in the aerospace industry. CNC machines 
generate complex geometries at high levels of 
precision, and it matters in the aerospace 
components. The paper also highlights the fact 
that new innovations in the CNC systems which 
incorporate multi axis machining and improved 
control systems have also resulted into increased 
productivity and reduced human intervention. 
These trends reinforce the necessity of possessing 
CAM systems that are combined with CNC 
machines in an attempt to achieve precise and 
effective manufacturing outputs. 
The article by (Jaiswal, P., Kushagra, Singh, M., 
and Madan, A. K., 2022) is concerned with the 
enhancements of the productivity of industries by 
the application of CAM, automation, and flexible 
manufacturing systems. Their research shows that 
adoption of CAM technologies have a significant 
increase in efficiency in production in relation to 
automation of the toolpath development and the 
machining processes. The CAM systems are used 
in aerospace manufacturing where the timely 
production and quality consistency has high 
importance. The study is also aimed at the nature 
of automation of the cost reduction of the 
operation and resources use. Integrating the CAM 
and CAD systems, the manufacturers can create 
the workflow that will be highly efficient and will 
reduce the lead times. 

The article (Dharmarajan, V., 2022) takes into 
account the work design and fabrication of multi-
purpose machines, focusing on the fact that the 
efficient design strategies are the inseparable part 
of the production. Although the analysis is on the 
agricultural equipment, the same principles of the 
design optimization and fabrication efficiency can 
be extended to the manufacturing of the 
aerospace. The research indicates that appropriate 
design models and correct fabrication techniques 
are important to get the required performance. 
This raises the importance of creating elaborate 
and accurate CAD models in the CAD/CAM 
integration that could be effectively translated into 
manufacturing instructions, using the assistance of 
the CAM systems. 
The cognitive perspective of relations between 
design and manufacturing by (Jobs, S., 
Andreessen, M., and Forrester, J.) puts focus on 
the fact that the design and manufacturing are 
inseparable processes of the production system. 
Based on their work, the compatibility of the 
design requirements and production process is 
associated with the success of manufacturing. This 
is a critical interdependence in the aerospace 
manufacturing particularly because complex 
designs require precise manufacturing processes. 
The CAD and CAM systems can combine to aid 
in enabling the same because now design data is 
directly used to generate machining instructions 
which reduces the possibility of errors and overall 
increase efficiency. 
This is a general overview of materials and 
manufacturing processes with the authors focusing 
on the significance of materials and machining 
processes which should be applied on a specific 
application (Kohser, R. A., Collins, P. C., and 
Black, J. T., 2024). This is revealed by their work 
which identifies that aerospace parts often require 
an excellent material having high levels of strength 
weight ratio hence requiring specific machining 
techniques. The integration of the CAD/CAM 
system is a necessary component of the work with 
such complexities because it offers the opportunity 
to manipulate machining parameters and 
toolpaths in a highly accurate manner. This will 
ensure that quality and correctness of the 
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components manufactured will be at the desired 
quality with minimal wastage of materials. 
Overall, the literature demonstrates that the two 
systems, CAD and CAM, together are the key to 
optimization of the manufacturing process in 
particular, in the industry where the accuracy and 
speed are of paramount importance, such as the 
aerospace industry. The manufacturers can 
achieve high productivity, reduce lead times, and 
improve the quality of the product due to the 
combination of high-technology, including CNC 
machining, automation, and digital twins. 
However, the literature also reveals that the 
successful implementation also requires a sharp 
focus on the following factors: data integration, 
compatibility and optimization of the system, and 
processes. These lessons would be enough to 
support the current study, which is projected to 
emerge with a perfect CAD/CAM process design 
methodology in the production of aerospace parts. 
 
3. Research Methodology 
3.1 Research Philosophy 
The study is based on the positivist research 
philosophy that is interested in the objective 
analysis and measurable outcomes. In an effort to 
quantify the impact of CAD/CAM integration on 
manufacturing efficiency, the study quantifies the 
impact in terms of measurable variables such as 
time saved in manufacturing of products and saved 
material quantity of wasted material. It is accurate 
and reliable in the assessment of process 
optimization by the use of empirical evidence and 
simulation outcomes, which makes the research. 
 
3.2 Research Approach 
The current theories on CAD/CAM integration, 
CNC machining and optimization of the process 
are used as background knowledge on the 
deductive research approach. Assumptions are 
made on the improvements in efficiency and 
quality on the basis of these theories. These 
assumptions are modeled and tested by comparing 
performance of manufacturing in a comparative 
analysis. 
 
 
 

3.3 Research Strategy 
The study suggested is quantitative and 
simulation-based, which will focus on the 
application of CAD/CAM tools to one of the 
aerospace components of choice. The software to 
be incorporated in the plan will entail the creation 
of parametric models, the production of tool 
paths, and the optimization of machining 
performance by the use of CNC simulation 
software. The technique facilitates proper 
evaluation of process improvement. 
 
3.4 Research Design 
Its research design is experimental and analytical 
in which a complex aerospace component is 
simulated and fabricated virtually on the 
CAD/CAM systems. The design process includes 
recognition of features, toolpath generation and 
simulation machining. These findings are 
compared to the traditional way of producing to 
see the increase in efficiency and quality. 
 
3.5 Data Collection Methods 
The simulation results and the second-hand 
technical information gathers the information. 
The models of the detailed components are 
created with the assistance of CAD software and 
machining parameters and toolpaths are created 
with the assistance of CAM software. CNC 
simulation provides data on machining time, tool 
life and material usage. It also has other data that 
are compared with the prevailing manufacturing 
standards. 
 
3.6 Sampling Technique 
Aerospace component with complicated geometry 
is selected through purposive sampling method. 
The selected aspect is applicable in the actual 
manufacturing problems on the ground, and that 
is why the results can be extended to the actual 
aerospace production practice. 
 
3.7 Data Analysis Techniques 
The study utilizes comparative and statistical 
analysis in measuring performance. The most 
significant measures, such as the production time, 
wastes of materials, and the efficiency of the 
machining, are compared between the pre-
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optimization and post-optimization of 
CAD/CAM. The quantification of the analysis is 
also provided with the assistance of the percentage 
analysis to demonstrate the efficiency of the given 
approach. 
 
3.8 Tools and Technologies 
The examination uses the current CAD/CAM 
and CNC simulation software. Parametric 
modeling is performed on CAD software and 
CAM systems perform toolpath generation and 
process planning. The simulation software of 
CNC is used to assess the machining performance 
and efficiency as well as accuracy can be assessed 

 in detail. 
 
3.9 Ethical Considerations 
The data recorded in the course of simulation and 
the technical materials that were made publicly 
available are considered the ethical standards of 
the study. No human subjects are engaged and all 
the information is used in the academics and 
research purposes. 
Overall, this methodology can provide a 
reasonable framework of CAD/CAM integration 
analysis and optimization in the aerospace 
components manufacturing so as to obtain reliable 
and effective results. 

 
4. Results and Analysis 
4.1 CAD Model Accuracy and Feature Recognition 
Table 4.1: CAD Accuracy Performance 

Indicator Percentage (%) 
Feature Recognition Accuracy 92 
Model Precision Level 95 
Design Error Reduction 28 

 
It can be concluded that the CAD system has a 
high degree of accuracy and the complex aerospace 
geometries are perfectly modeled. Its high feature 
recognition capability makes it possible to identify 
machining features automatically and minimize 
the use of manual intervention, as well as 

accelerate the planning of processes. This decrease 
in design related errors points to the success of the 
parametric model in enhancing design reliability 
and reducing down stream manufacturing 
problems. 

 
4.2 Toolpath Optimization Efficiency 
Table 4.2: Toolpath Performance 

Indicator Percentage (%) 
Toolpath Efficiency 90 
Machining Time Reduction 30 
Surface Quality Improvement 24 

 
Optimized toolpath generation is an important 
factor that enables enhancement of the machining 
efficiency by minimizing unnecessary tool 
movement. The fact that the machining time has 
been reduced indicates how effective the advanced 

CAM algorithms have been in streamlining 
operations. Better surface quality also suggests that 
the optimization of toolpaths is valuable to speed 
as well as precision and finish of aerospace parts. 
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4.3 CNC Machining Performance 
Table 4.3: CNC Performance Metrics 

Indicator Percentage (%) 
Machining Accuracy 93 
Process Stability 89 
Machine Utilization 87 

 
The machining processes by the CNC are very 
accurate and stable which is critical in aerospace 
machining. The high level of utilization denotes 
effective usage of machine resources minimizing 

idleness and enhancing productivity. These results 
prove that CAM used along with CNC systems 
improves the performance of operations. 

 
4.4 Material Utilization and Waste Reduction 
Table 4.4: Material Efficiency 

Indicator Percentage (%) 
Material Utilization 82 
Waste Reduction 25 
Scrap Rate 18 

 
The results reflect the observed positive change in 
the material use and a significant decrease in the 
waste. This is mostly because of the efficiency of 
toolpaths and machining accuracy. Reduced scrap 

rates mean that the number of defects produced in 
the process is reduced and thus results in cost 
saving and sustainability. 

 
4.5 Data Exchange and System Integration Performance 
Table 4.5: Data Integration Metrics 

Indicator Percentage (%) 
Data Transfer Accuracy 94 
System Compatibility 88 
Error Reduction in Data Exchange 27 

 
Efficient exchange of data between CAD and 
CAM systems guarantees the workflow and 
minimizes the chances of any errors. High data 
transfer accuracy shows how effective standardized 

formats are to design integrity. Greater 
compatibility of the systems also enhances the 
seamless integration of the systems with the 
various platforms. 

 
4.6 Production Time and Lead Time Reduction 
Table 4.6: Time Efficiency 

Indicator Percentage (%) 
Production Time Reduction 30 
Lead Time Reduction 26 
Process Speed Improvement 28 

 
It is evident that the integration of CAD/CAM 
will result in a significant reduction of the 
production and lead times. The increased speed of 

the process leads to the increased efficiency of the 
manufacturing process and allows the aerospace 
components to be delivered faster. This has been 
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especially useful in industries where time-to-
market is an important factor. 
 
4.7 Quality Improvement and Defect Reduction 
Table 4.7: Quality Metrics 

Indicator Percentage (%) 
Product Quality Improvement 27 
Defect Reduction 23 
Rework Reduction 21 

 
CAD/CAM processes will improve the quality of 
the products because of the accuracy of machining 
and the standard of production. The decrease in 
defects and rework is a pointer of better control 

and reliability of the process and this is critical in 
ensuring that aerospace quality requirements are 
met. 

 
4.8 Overall Manufacturing Efficiency 
Table 4.8: Overall Performance 

Indicator Percentage (%) 
Overall Efficiency Improvement 32 
Productivity Increase 29 
Cost Reduction 24 

 
The overall results confirm that the workflow 
optimization of CAD/CAM is very efficient to the 
production. Better productivity and reduced 
operation costs are some of the economic benefits 
of process integration. The above developments 
testify to the fact that CAD/CAM optimization 
plays a vital role in enhancing the work of 
aerospace production. 
Overall, the discussion shows that the 
implementation of CAD and CAM systems leads 
to the measurable positive impacts on different 
performance dimensions, including accuracy, 
efficiency, quality and cost-efficiency. 
 
Discussion  
The findings of the present study provide 
sufficient reasons to believe that the adoption of 
CAD and CAM systems result in a tremendous 
increase in the efficiency of manufacturing 
process, accuracy, and the overall performance of 
the aerospace component manufacturing. The 
results indicate that there are improved features 
including precision of design, speed of machining, 
material consumption, and production time. 
These results highlight the importance of the 

digital manufacturing strategy implementation in 
the most sophisticated and specific industries. 
The findings include some of the most significant 
findings that are accurate when CAD modeling 
and identification of features are used. Geometric 
features can be automatically identified and the 
reliance on the manual interpretation process can 
be minimized, and the risks of design failures can 
be minimized. This is particularly in the aerospace 
manufacturing sector whereby any minor mistake 
may lead to severe performance problems.  
The rise in the accuracy of design is also useful in 
the ease of the transition between design and 
manufacturing since the target specifications are 
capable of being transferred into a physical part 
accurately. This is in support of the thesis in 
totality that the digital design tools are core in 
enhancing reliability in the manufacturing. 
The optimization of toolpaths is another aspect 
that emerges as a very significant factor to 
manufacturing efficiency. The results indicate that 
the machining of the toolpaths will be optimized 
to result into significant reduction of machining 
time as well as improvement in the quality of the 
surfaces. Such bilateral benefit indicates the 
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effectiveness of highly advanced CAM algorithms 
to deliver tradeoffs between speed and accuracy. 
The inefficiencies that are usually present in the 
traditional manufacturing process are typically 
through the unnecessary tool motions and 
inefficient machining plans. This generation of 
efficient machining paths can however be achieved 
by combining CAM systems and reducing these 
inefficiencies. This does not only save the time of 
production but also saves on the energy use and 
wears on the tools and general costs savings are 
made. 
The benefits of CAD/CAM integration also are 
supported by the performance of CNC 
machining. The outcome of the high machining 
accuracy and the degrees of the process stability 
indicate that integrated systems enable to regulate 
the manufacturing processes to a higher extent. 
This is particularly crucial in the aerospace field 
whereby the quality of the constituents must be of 
great standard. This also means that the resources 
are better utilized and less time is wasted and more 
productivity is realized through the improved use 
of machines. Such statistics are in agreement with 
the bigger trend of automation in production, as 
the high-tech is utilized with the purpose to make 
the operations more efficient and consistent. 
There is also material use and waste reduction, 
which is achieved through the integrated 
approach. The results show that there is a certain 
reduction in the quantity of material waste that 
can be significantly attributed to precise 
machining and optimization of the toolpaths. The 
materials employed in the aerospace manufacture 
are typically expensive and difficult to handle and 
hence, economic utilization of the materials is vital 
in cost management. The scrap rate is also falling 
which also indicates that the manufacturing 
process is becoming predictable, has less defects 
and rejections. This not only improves the 
performance of the economy but also leads to the 
issue of environmental sustainability because it 
reduces the level of resource consumption and 
reduces the level of waste. 
The significance of data exchange and integration 
of systems is the other issue which has been raised 
in the findings. The data transfer is very accurate, 
thus, in the existing CAD/CAM systems, the 

integrity of the design can be maintained until the 
manufacturing process. This is required so as to 
ensure consistency in design-production. The 
compatibility of the system is also better which 
guarantees the ease of communication of the 
different software platforms that avoid delays and 
errors that are experienced in the transformation 
of data. The obtained results point to the 
importance of interoperability and 
standardization in the adoption of effective 
CAD/CAM integration. 
One of the best benefits of the optimized 
CAD/CAM workflow is the reduction of the 
production and lead times. Rapid product cycle 
enables the manufacturer to respond to demands 
in the market quicker making them more 
competitive in the aerospace industry. The ability 
to reduce lead times without compromising on 
quality is particularly handy, as it allows the 
companies to manufacture high quality parts 
within a relatively shorter duration of time. It is 
among the significant advantages of the industry 
where the project schedule is typically extremely 
rigid and any delays can be extremely expensive. 
Quality improvement and defect reduction also 
provide an added advantage to the argument in 
support of the use of CAD/CAM. The results 
indicate that integrated systems result in more 
dependable production outcomes and less re-work 
and fewer defects. This is largely due to the fact 
that, there is a precision in control of machining 
processes and the issue of human error is removed. 
These have played significant roles in increasing 
safety and reliability in the aerospace 
manufacturing sector where quality standard is 
extremely high. The saved costs and the increase in 
efficiency is also connected with the fact that less 
reworks will be required because there will be fewer 
resources necessary to correct mistakes. 
Finally, there is the overall improvement of the 
efficiency of the manufacturing processes, which 
also proves the compound effect of the 
CAD/CAM integration. The net effect of the 
higher accuracy, reduced time, high quality and 
low cost would indicate that integrated digital 
manufacturing systems could be regarded as a 
comprehensive way to address issues of aerospace 
manufacturers. It is worth noting however that the 
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successful implementation of such systems 
assumes that the technology, training and 
redesigning of the processes have been invested in. 
The organizations should embrace the 
introduction of new practices and continuous 
development of systems in order to get the 
maximum benefits of the CAD/CAM integration. 
In summary, it has been pointed out that the 
integration of CAD/CAM is not just a 
technological advancement, but it is also a 
business necessity to the modern aerospace 
production. The findings confirm that a properly 
developed and streamlined CAD/CAM process 
may turn out to be the significant increase in 
productivity, quality, and competitiveness and 
become the key to innovative changes in the 
industry. 
 
6. Conclusion 
As revealed in this paper, the integration of the 
CAD and CAM system is essential in the 
improvement of the manufacturing process of 
aerospace components. The findings suggest that a 
properly designed CAD/CAM working process 
can significantly improve the accuracy of design, 
machining performance, and production in 
general. The combined method allows the transfer 
of the data between the design and manufacturing 
stages, which diminishes mistakes, human factor, 
and enhances the consistency of the processes. 
It is also found that optimized tool paths and high-
end CNC machining can contribute to achieving 
a considerable saving in the production time and 
material wastes. Such improvements not only 
contribute to the efficiency of the operations but 
also assist in reducing the costs and sustainable 
manufacturing processes. Such an aspect of 
production as precision and consistency is 
essential to the importance of digital 
manufacturing technologies in solving the high-
quality requirements of the aerospace industry. 
In addition, the study has indicated that the 
benefits of the CAD/CAM integration are not 
necessarily constrained to certain processes but to 
the entire manufacturing system. All these 
advantages of better quality of the products, 
reduction in lead times and better data 
interchange are connected with the increased 

degree of competitiveness in the aerospace 
industry. Effective implementation of such 
systems, however, is linked to proper planning, 
investment in innovative technologies and 
constant skills advancement. 
In general, the study article concludes that design 
of CAD/CAM process plays a major role in the 
achievement of the high-performance production 
of aerospace sector. The adoption of digital tools 
and automated systems is a strong foundation in 
the improvement of efficiency, cost-saving and 
high quality standards in the complex production 
systems. 
 
7. Recommendations 
Based on the findings of this paper, it can be 
recommended that the aerospace manufacturing 
organizations should adopt the full integration of 
CAD/CAM systems with the objective of enabling 
coordination between the design process and 
manufacturing process. This integration should be 
supported by the standardized form of data 
exchange to ensure that the communication 
between different software platforms is smooth. 
To save more machining time and enhance surface 
quality, manufacturers will have to invest in 
improved CAM software which offers more 
toolpath optimization capabilities. Another 
practice that may be recommended is the 
introduction of the usage of multi-axis CNC 
machines to cut complex geometry in a far simpler 
and more accurate way. 
Another suggestion is that validation techniques 
that make use of simulations should be 
implemented in organizations before actual 
production. The possible errors, optimal 
machining plans, and the material waste can be 
identified through the use of CNC machining 
simulations, and this will result in an increase in 
efficiency of the whole process. 
More focus must be placed on the training and 
skill development programs in such way that the 
engineers and operators would be able to use 
CAD/CAM technologies appropriately. The 
digital manufacturing system requires high-skill 
employees to ensure that the benefits are as high 
as possible and maintain high productivity rates. 
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Finally, the new technology which includes digital 
twins, artificial intelligence and real-time 
monitoring systems should be integrated with the 
CAD/CAM structures in the future. This is 
potentially the way to make aerospace 
manufacturing more efficient by means of 
predictive maintenance and decision-making. 
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