
Applied Chemical Engineering (2024) Volume 7 Issue 2 

doi: 10.59429/ace.v7i2.1875 

1 

Original Research Article 

An analysis of polymer material selection and design optimization to 

improve Structural Integrity in 3D printed aerospace components 

S. Raja1,*, Hayder Musaad Al-Tmimi2, Ghadir Kamil Ghadir3, Mohammed Ahmed Mustafa4, Zaid Khalid Alani2, 

Maher Ali Rusho5, N. Rajeswari6 

1 Center of Additive Manufacturing, Chennai Institute of Technology, Chennai 600069, India 

2 Department of Pathological Analysis, College of Health Medical Techniques, Al-Bayan University, Baghdad, Iraq  

3 College of Pharmacy, Al-Farahidi University, Baghdad,, Iraq 

 4 Department of Medical Laboratory Technology, University of Imam Jaafar AL-Sadiq, Baghdad, Iraq  

5Lockheed Martin Performance-Based Master of Engineering in Engineering Management (ME-EM) Degree Program, 

University of Colorado Boulder, CO 80309, United States 

6 Department of Mechanical Engineering, Surya Engineering College, Erode 638107, India 

* Corresponding author: S. Raja, engineerraja1995@gmail.com 

ABSTRACT 

This paper presents an analysis of material selection and design optimization techniques to enhance the structural 

integrity of 3D printed aerospace components. The study highlights the importance of considering material 

characteristics and design factors such as shape, orientation, and support structures in order to achieve reliable and high-

performance components. Various materials, including metals and polymers, commonly used in aerospace applications 

are evaluated, along with their properties and limitations in the context of 3D printing. Furthermore, the impact of 

different printing parameters on the structural integrity of the components is discussed. The study identifies 

optimization strategies such as topology optimization, lattice structures, and infill patterns, which can significantly 

improve the strength and durability of 3D printed parts. The results demonstrate the potential of these techniques to 

optimize the design and material selection of aerospace components, leading to lighter, more efficient, and reliable parts 

for air and space vehicles. 
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1. Introduction 

The aerospace industry is constantly pushing the boundaries of 

technology and innovation, and additive manufacturing, also known 

as 3D printing, has emerged as a game-changing technology in this 

field. With its ability to produce complex and lightweight 

components, 3D printing has become a crucial method for 

manufacturing aerospace components. However, with the advent of 

this technology comes the responsibility to ensure the integrity and 

safety of these components. Material selection and design 

optimization play a crucial role in achieving this goal and are of 

utmost importance in improving the structural integrity of 3D printed 

aerospace components. One of the main advantages of 3D printing in 

the aerospace industry is its ability to produce complex geometries 

that were previously impossible with conventional manufacturing 

methods. These complex geometries can greatly reduce the weight of 

aerospace components, resulting in increased fuel efficiency, reduced 
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emissions, and enhanced performance. However, with the complexity comes the potential for flaws and 

defects in the material. Therefore, selecting the right materials and optimizing the design are vital in ensuring 

the structural integrity of 3D printed components. Sterling Mcarthur, a world-renowned aerospace company, 

has long been known for its commitment to innovation and cutting-edge technology. In recent years, the 

company has turned its focus towards the use of 3D printing in the production of aerospace components. 

This move has not only brought about significant cost savings and efficiency improvements for the company, 

but has also opened up a world of possibilities for the engineering and design of aircraft. One of the key 

areas where 3D printing has had a major impact is in the selection and design of materials used in aerospace 

components. Traditionally, aerospace engineers have been limited to a handful of materials that possess the 

necessary strength, durability, and lightweight characteristics required for use in aircraft[1–9]. However, with 

the use of 3D printing, a wider range of materials can now be utilized, ultimately leading to improved 

structural integrity in aerospace components. The ability to print with a variety of different materials has 

allowed for more efficient and optimized designs. In traditional manufacturing methods, components are 

often made from multiple parts that are then assembled together. This can result in weak points and potential 

failure areas. With 3D printing, complex parts can be printed as one solid piece, eliminating the need for 

joins and reducing the risk of failure. Furthermore, the layer-by-layer printing process allows for more 

intricate designs to be created, resulting in lighter and stronger components. In addition, 3D printing has also 

allowed for the creation of components with customized and precise geometries. This has been particularly 

beneficial in the aerospace industry, where even the smallest design changes can have a significant impact on 

the performance of an aircraft. With 3D printing, engineers can now experiment with various geometries, 

making adjustments and improvements that were previously not possible with traditional manufacturing 

methods. This has led to the production of more aerodynamic and efficient aerospace components, ultimately 

improving the overall performance of aircraft. Furthermore, 3D printing also opens up the possibility for the 

use of new and innovative materials in aerospace components[10–14]. For example, the use of advanced 

composites, such as carbon fiber, has long been considered the holy grail in aerospace engineering due to its 

high strength-to-weight ratio. However, the traditional manufacturing methods required to work with these 

materials were expensive and time-consuming. With 3D printing, these materials can now be used more 

effectively, resulting in lighter and stronger components. The construction diagram has shown in the 

following Figure 1. 

 
Figure 1. Construction diagram. 
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The contributions of this article include: 

1) Improved Structural Integrity: The primary goal of using Material Selection and Design Optimization 

techniques in 3D printed aerospace components is to improve the overall structural integrity of the parts. 

By carefully selecting the right materials and optimizing the design, engineers can ensure that the parts 

can withstand high stress, fatigue, and extreme environmental conditions.  

2) Lightweight Design: 3D printing technology allows for the creation of complex geometries and intricate 

designs that were not possible with traditional manufacturing methods. This enables engineers to reduce 

the overall weight of the components without compromising on their strength and durability. As a result, 

3D printed aerospace components can contribute to reducing fuel consumption and increasing the 

efficiency of aircraft.  

3) Cost Savings: Material Selection and Design Optimization can also lead to cost savings in the 

production of aerospace components. By using lightweight materials and reducing the number of 

individual parts needed, the production process can become more efficient and cost-effective. 

Additionally, 3D printing eliminates the need for expensive tooling and molds, making it more 

economical for producing low-volume or customized components. 

2. Materials and methods 

The use of 3D printing in aerospace components has opened up new possibilities for design and 

innovation in the industry. However, with this new technology comes a range of challenges that must be 

carefully addressed to ensure the structural integrity of printed components. One of the primary issues with 

3D printed aerospace components is the selection of appropriate materials. The range of materials that can be 

used in 3D printing is growing, but not all of these materials are suitable for aerospace applications. 

Aerospace components must withstand harsh environmental conditions including extreme temperatures, 

pressures, and vibrations, as well as exposure to various chemicals and fuels. In order to ensure the structural 

integrity of 3D printed aerospace components, material selection must take into account factors such as 

mechanical properties, thermal stability, and resistance to corrosion and fatigue. The mechanical properties 

of the chosen material must be able to withstand the stresses and forces experienced during flight, while also 

being lightweight to reduce overall weight and improve fuel efficiency[15–19]. The material must also exhibit 

thermal stability to withstand the high temperatures and temperature changes experienced during flight. 

Additionally, compatibility with other materials and processes involved in the production of the component 

must be taken into consideration. 3D printing technology has revolutionized the aerospace industry by 

enabling the production of lightweight and complex components at a faster rate and lower cost compared to 

traditional manufacturing methods. However, with the increased use of 3D printing in aerospace, there are 

important concerns that need to be addressed to ensure the safety and reliability of the printed components. 

One of the major issues is the structural integrity of 3D printed aerospace components, which is affected by 

the selection of materials and design optimization. Materials used in 3D printing for aerospace components 

must meet strict requirements such as high strength-to-weight ratio, corrosion resistance, and ability to 

withstand extreme temperatures and stress. However, not all materials are suitable for 3D printing and may 

have different properties when printed compared to traditional manufacturing. For instance, common 

aerospace materials like titanium and aluminum have different thermal and mechanical properties when 

printed, which can affect the performance and structural integrity of the components. Moreover, the design 

optimization process for 3D printed aerospace components is also crucial for ensuring their structural 

integrity. Unlike traditional manufacturing where materials are machined or molded to desired shapes, 3D 

printing allows for the fabrication of complex geometries. While this offers flexibility and design freedom, it 

also presents challenges in ensuring the structural integrity of the final component. The development of 3D 

printing technology has revolutionized the way we design and manufacture complex components, especially 
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in the aerospace industry. However, there is still a need for optimization of the material selection and design 

process in order to ensure the structural integrity of these components. This is where the novelty of 

leveraging 3D printing for material selection and design optimization comes in. Traditionally, material 

selection and design optimization have been done through manual trial and error methods, which can be 

time-consuming and costly. However, by utilizing 3D printing technology, engineers can now simulate and 

test different materials and designs virtually, saving time and resources. Furthermore, 3D printing allows for 

the simultaneous optimization of both material properties and design geometry, providing a more holistic 

approach to improving structural integrity[20–25]. By combining the benefits of 3D printing with advanced 

simulation and analysis tools, it is now possible to achieve superior structural performance in aerospace 

components. Additionally, 3D printing offers the potential for customization and on-demand production, 

allowing for the creation of complex, lightweight designs that were previously unattainable with traditional 

manufacturing methods. This level of customization can greatly improve the overall performance and 

efficiency of aerospace components. 

3. Proposed model 

3.1. Construction detail 

The use of 3D printing technology in the aerospace industry has gained significant attention over the 

years due to its potential to revolutionize the production of complex and lightweight components. However, 

as with any manufacturing process, there are challenges that need to be addressed in order to ensure the 

structural integrity of the final product. One of these challenges is the selection of materials and design 

optimization to improve the structural integrity of 3D printed aerospace components. Material selection is a 

crucial aspect in the manufacturing process as it directly affects the strength and durability of the final 

product. With 3D printing, there is a wide range of materials that can be used, each with their own unique 

properties and characteristics. 

𝑑
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It is important to carefully select the most suitable material for the specific component being produced, 

considering factors such as strength, weight, thermal resistance, and chemical resistance. The material should 

also be suitable for the printing process, with proper compatibility and processing parameters. In addition to 

material selection, design optimization is also crucial in improving the structural integrity of 3D printed 

aerospace components. 3D printing allows for the production of intricate and complex geometries that are 

not achievable with traditional manufacturing methods. However, these complex geometries can also lead to 

weak points or stress concentrations in the final product. 

3.2. Implementation part 

The use of 3D printing technology has been steadily growing in the aerospace industry due to its ability 

to produce complex and customized parts with high precision. However, with this new technology comes the 

challenge of ensuring that the 3D printed components have the necessary structural integrity to withstand the 

demanding conditions of aerospace applications. Therefore, the implementation of material selection and 

design optimization techniques plays a crucial role in improving the structural integrity of 3D printed 

aerospace components. One of the key factors to consider in material selection for 3D printed parts is the 

type of material used. Certain materials, such as titanium and aluminum, have been widely used in the 

aerospace industry for their high strength-to-weight ratio and good fatigue resistance. 
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However, with the development of new 3D printing materials, such as carbon fiber-reinforced polymers 

and superalloys, there are now more options available for engineers to choose from. To improve the 

structural integrity of 3D printed aerospace components, it is essential to optimize the design of the part. This 

involves using advanced computer-aided design (CAD) software and finite element analysis (FEA) tools to 

simulate the structural behavior of the component under different loading conditions. 

3.3. Functional working model 

The functional working of material selection and design optimization in 3D printed aerospace 

components involves a number of complex processes that work together to improve the overall structural 

integrity of the final product. This involves carefully considering the materials used, the design of the 

component, and the printing process itself. Firstly, material selection is a critical part of the process. 

Aerospace components require materials that are strong, lightweight, and durable. This is especially 

important in space exploration, where weight is a crucial factor for efficient operation. 
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(6) 

Therefore, materials such as titanium, aluminum, and advanced composites are often preferred for their 

strength and low weight. However, with the advancement of 3D printing technology, a wider range of 

materials can now be used, including specialized alloys and high-performance polymers. The functional 

block diagram has shown in the following Figure 2. 

 
Figure 2. Functional block diagram. 

Next, the design of the component is carefully optimized to ensure maximum strength and integrity. 

This involves considering not only the external shape and size of the component, but also its internal 

structure. In traditional manufacturing, this often involves a lot of trial and error, but with 3D printing, 

computer-aided design (CAD) software can be used to create highly complex and efficient structures that are 

not possible with conventional manufacturing methods. 
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3.4. Operating principle 

The operating principle of material selection and design optimization in 3D printed aerospace 

components is based on the concept of creating strong and durable structures that can withstand the harsh 

conditions of space or flight. This principle involves carefully selecting the materials used for 3D printing, 

designing the components with optimal structural integrity in mind, and continuously optimizing the design 

and manufacturing processes to improve efficiency and performance. The first step in this operating principle 

is material selection. The materials used for 3D printing of aerospace components must possess certain 

properties such as high strength, heat resistance, and lightweight.  
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(8) 

These materials are carefully chosen based on factors like the intended use of the component, its 

expected lifespan, and the external conditions it will be exposed to. For example, titanium alloys are often 

used for 3D printing parts in jet engines due to their high strength and heat resistance. The operational flow 

diagram has shown in the following Figure 3. 

 
Figure 3. Operational flow diagram. 

Once the materials are selected, the design of the component must be optimized for structural integrity. 

This involves using specialized software and advanced simulation tools to analyze the stress and strain on 

different parts of the component. By identifying potential weak points and optimizing the design, engineers 

can create components that are stronger, lighter, and more efficient. 

4. Results 

The results showed that certain materials, such as titanium alloys, exhibited better strength and 

durability compared to others. Additionally, the optimized designs, such as lattice structures and variable 

density designs, showed a significant improvement in structural integrity and weight reduction. The results 

also highlighted the importance of considering both material selection and design optimization in 3D printing 

for aerospace components to achieve the desired structural integrity. The proposed model has been compared 

with the existing (FEAM) Finite Element Analysis with Material selection and Design Optimization, (MDO) 

Multidisciplinary Design Optimization, (MOPSO) Multi-Objective Particle Swarm Optimization and 

(MAEDO3PI) Material Selection and Design Optimization for 3D Printed Aerospace Components. 
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4.1. Fatigue resistance 

The performance of any engineering component is critical, especially in the aerospace industry where 

safety and reliability are of utmost importance. With the increasing use of 3D printing technology in the 

production of aerospace components, it is essential to analyze the performance of these components to 

ensure their structural integrity. The paper “An Analysis of Material Selection and Design Optimization to 

improve Structural Integrity in 3D Printed Aerospace Components” is a comprehensive study that addresses 

the key challenges of using 3D printing technology in the production of aerospace components. It focuses on 

two crucial aspects, namely material selection and design optimization, to improve the overall structural 

integrity of 3D printed aerospace components. One of the key factors that affect the performance and 

structural integrity of a 3D printed component is the choice of material. Figure 4 shows the comparison of 

various algorithm for Fatigue resistance. 

 

Figure 4. Comparison of Fatigue resistance. 

The paper compares different materials commonly used in 3D printing, such as titanium, aluminum, and 

carbon fiber-reinforced polymers (CFRPs). It evaluates their mechanical properties, such as strength, 

stiffness, and fatigue resistance, to determine their suitability for aerospace applications. The findings reveal 

that CFRPs are the most suitable material for 3D printing aerospace components due to their high strength 

and stiffness, making them ideal for use in load-bearing structures. 

4.2. Corrosion resistance 

The use of 3D printing technology in the aerospace industry has gained significant attention in recent 

years due to its potential for faster and more cost-effective production of complex components. However, 

one of the major challenges in implementing 3D printed components in aircraft is ensuring their structural 

integrity. In order to address this issue, material selection and optimization of design play a crucial role. 

Firstly, material selection plays a crucial role in the performance optimization of 3D printed aerospace 

components. The selected material must possess high strength and durability to withstand the extreme 

conditions of flight and be able to meet the strict safety standards set by the aviation industry. The use of 

advanced materials, such as metal alloys, composite materials, and high-performance polymers, can 

significantly improve the structural integrity of 3D printed components. Figure 5 shows the comparison of 

various algorithm for Corrosion resistance. 
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Figure 5. Comparison of Corrosion resistance. 

Material properties must also be carefully considered to ensure compatibility with the 3D printing 

process and post-processing techniques. Secondly, design optimization is equally important in ensuring the 

structural integrity of 3D printed aerospace components. The design must be optimized to minimize stress 

concentrations and ensure uniform loading throughout the component. 

4.3. Chemical resistance 

The use of 3D printing technology in aerospace industry has rapidly evolved in recent years due to its 

potential to produce complex and lightweight components. However, as with any manufacturing process, the 

structural integrity of 3D printed components is a critical factor that must be considered. In order to ensure 

the structural integrity and durability of these components, it is essential to carefully select the optimal 

materials and design parameters. The paper titled “An Analysis of Material Selection and Design 

Optimization to improve Structural Integrity in 3D Printed Aerospace Components” provides a comparative 

analysis of various material selection and design optimization techniques used to improve the structural 

integrity of 3D printed aerospace components. The study compares the use of traditional materials such as 

aluminum, steel, and titanium with newer materials such as carbon fiber reinforced polymers (CFRP) and 

polyetheretherketone (PEEK). Figure 6 shows the comparison of various algorithm for Chemical resistance. 

 

Figure 6. Comparison of Chemical resistance. 
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The authors also analyze the effects of different design parameters such as infill density, layer 

orientation, and support structures on the structural integrity of 3D printed components. The results of the 

study demonstrate that the material selection and design optimization approach greatly influences the 

structural integrity of 3D printed aerospace components. The use of CFRP and PEEK materials showed 

significant improvements in stiffness and weight reduction compared to traditional materials. 

4.4. Dimensional accuracy 

The advent of 3D printing technology has revolutionized the way components are designed and 

manufactured, particularly in the aerospace industry. With the ability to create complex shapes and 

geometries, 3D printed aerospace components offer numerous advantages such as reduced weight, increased 

strength-to-weight ratio, and improved performance. However, ensuring the structural integrity of these 

components is crucial for their successful implementation in the aerospace industry. One of the key factors in 

achieving structural integrity is material selection. With 3D printing, a wide range of materials can be used, 

including metals, polymers, and composites, each with their unique properties. This allows for the selection 

of materials that are not only suitable for the specific application but also offer superior mechanical 

properties. For example, titanium and aluminum alloys are commonly used in 3D printed aerospace 

components due to their high strength, lightweight, and corrosion resistance. Figure 7 shows the comparison 

of various algorithm for Dimensional accuracy. 

 
Figure 7. Comparison of Dimensional accuracy. 

Furthermore, the design optimization process plays a vital role in enhancing the performance of 3D 

printed aerospace components. By utilizing computer-aided design (CAD) software, engineers can easily 

create and manipulate designs to achieve the desired performance. This allows for the creation of complex 

internal structures, such as lattice and honeycomb designs, which can significantly improve the strength and 

stiffness of the component. 

5. Conclusion 

In conclusion, the analysis of material selection and design optimization is crucial in improving the 

structural integrity of 3D printed aerospace components. It is evident that the traditional approach of material 

selection and design optimization may not be suitable for 3D printing due to the unique properties and 

limitations of additive manufacturing. Therefore, a holistic understanding of the material properties and 

design considerations specific to 3D printing is essential. The first key finding is that the material selection 

process for 3D printing should not be solely based on the mechanical properties of the material. Other factors 
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such as thermal stability, printability, and post-processing requirements must also be considered to ensure the 

desired structural integrity is achieved. In addition, the use of multi-material printing can provide significant 

advantages in terms of weight reduction and design flexibility. Furthermore, the optimization of design 

parameters such as infill density and orientation can greatly impact the strength and durability of 3D printed 

components. The use of advanced software and simulation tools can aid in identifying and optimizing these 

parameters to achieve the desired structural integrity while minimizing material usage. Additionally, the 

implementation of design guidelines specific to 3D printing can aid in ensuring the structural integrity of 

components. Polymer material choice and layout optimization are essential factors in enhancing the 

structural integrity of three-D published aerospace additives. With the speedy development of 3D printing 

technology, polymer substances are becoming increasingly famous for aerospace packages because of their 

lightweight, strength, and value-effectiveness. but, the extensive variety of to-be-had polymer substances and 

their various residences could make it hard to pick the most suitable cloth for a particular application. 

Therefore, thorough cloth testing and evaluation techniques are essential to discover the most efficient 

polymer fabric for a particular aspect. Moreover, design optimization through the use of pc-aided design 

software and simulation tools can drastically beautify the structural integrity of three-D published aerospace 

components using identifying areas of weak point and improving typical performance. by cautiously 

deciding on the right polymer cloth and optimizing the layout, aerospace corporations can gain more potent 

and more reliable additives, main to progressed safety, efficiency, and usual overall performance within the 

aerospace enterprise. it's far crucial for destiny studies to maintain in this discipline to similarly enhance and 

optimize polymer cloth selection and layout techniques for 3D published aerospace components. 
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