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ABSTRACT 
The aerospace industry has increasingly adopted additive manufacturing (AM) technologies to address the 

growing demand for lightweight, high-performance, and cost-effective components with complex geometries. 

Among the advanced materials utilized in this context, Ultem 9085—a high-performance polyetherimide (PEI) 

thermoplastic—has emerged as a preferred choice due to its exceptional mechanical strength, flame retardancy, 

and compatibility with fused deposition modeling (FDM) processes. This paper provides a comprehensive 

overview of 3D printing technologies in aviation, emphasizing the technical and operational benefits they offer 

over traditional manufacturing methods. The study highlights the unique properties of Ultem 9085 and its 

suitability for aerospace applications, supported by examples from real-world implementations and ongoing 

projects. Current limitations of additive manufacturing, such as material costs, build size constraints, and surface 

finish challenges, are discussed alongside future perspectives for broader adoption. Overall, the findings 

underscore the transformative potential of AM technologies, particularly with materials like Ultem 9085, in 

advancing the next generation of aerospace components. 
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I. Introduction 
In recent years, the aerospace industry has 

witnessed a significant transformation in 

manufacturing practices, primarily attributed to the 

increasing demand for components that adhere to 

strict performance, safety, and cost-efficiency 

standards. As aircraft systems evolve and become 

more sophisticated, there is a growing need for parts 

that are lightweight yet possess high mechanical 

strength, while also accommodating complex 

geometries that optimize aerodynamics and 

integration. Traditional subtractive manufacturing 

techniques, which often face challenges related to 

material inefficiency, geometric limitations, and 

prolonged production lead times, are becoming less 

viable in light of these requirements [1]. To address 

these issues, additive manufacturing (AM), 

commonly known as 3D printing, has emerged as a 

groundbreaking technology in the aerospace sector 

[1,2]. Additive manufacturing stands out by 

facilitating the layer-by-layer construction of 

intricate structures directly from digital blueprints, 

thereby mitigating several challenges associated 

with conventional manufacturing methodologies. 

AM is celebrated for enhancing design flexibility, 

fostering rapid prototyping, reducing material 

wastage, and enabling the cost-effective production 

of customized components [2,3]. Specifically, the 

ability of AM to produce tailored components aligns 

with the aerospace industry's drive for innovative 

and efficient manufacturing solutions, thus 

contributing significantly to the industry’s shift 

towards more customized and complex designs that 

traditional production processes cannot 

accommodate [1,2,3]. This transformative capability 

positions 3D printing as a disruptive force poised to 

redefine existing paradigms in aerospace 

manufacturing [4]. Furthermore, there is increasing 

interest in the potential applications of advanced 

materials facilitated by 3D printing technologies, 

such as carbon-fiber composites and biocompatible 

materials, which can enhance performance 

characteristics essential for aerospace applications 

[1,5]. A study by Balaji et al. [1] emphasizes the 

viability of AM in producing aviation-grade parts, 

detailing certification processes that ensure 

compliance with industry standards. Additionally, 

the integration of smart materials through AM 

allows for the development of self-sensing 

structures that promise to enhance aircraft 

performance while ensuring safety [6]. The benefits 
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of adopting additive manufacturing technology 

extend beyond mere cost savings and efficiency 

improvements to include enhancements in product 

capabilities, ultimately fostering a more agile and 

innovative aerospace manufacturing landscape. 

Consequently, the advent of 3D printing represents a 

pivotal leap for the aerospace sector, bridging the 

gap between traditional manufacturing limitations 

and the demands of modern aircraft design and 

production. As this technology continues to evolve, 

it is likely that the aerospace industry will 

increasingly rely on additive manufacturing 

techniques to stay competitive and meet the ever-

growing expectations for performance, safety, and 

sustainability [1,3]. 

3D printing technologies, or additive 

manufacturing (AM), have significantly influenced 

both commercial aviation and the defense sector, 

primarily due to their numerous advantages. A key 

benefit is rapid prototyping, which allows engineers 

and designers to rapidly iterate on and validate 

designs, substantially reducing innovation cycles 

and leading to a decreased time-to-market for new 

components. This benefit is supported by studies 

indicating that AM technologies facilitate quick 

adjustments to designs, enhancing the development 

of new aircraft systems and defense equipment 

[7,8]. Beyond prototyping, AM has matured to 

support the production of end-use parts that meet 

stringent regulatory and performance standards. For 

instance, through techniques such as Selective Laser 

Melting (SLM), AM can produce complex and 

customized components that would otherwise be 

challenging to fabricate using conventional 

manufacturing methods [9,10]. The inherent design 

freedom allows for innovative geometries and 

lightweight lattice structures that contribute to 

greater efficiency, thus supporting the growing trend 

towards more fuel-efficient aircraft and lighter 

defense systems [11,12]. Moreover, additive 

manufacturing emphasizes sustainability by 

minimizing material waste, as material is only 

applied where necessary, hence enhancing both 

economic and environmental sustainability. This 

reduction in waste aligns closely with industry goals 

for resource efficiency in manufacturing processes 

[13]. The economic advantages become apparent 

through an analysis of lower production lead times, 

reduced inventory needs, and the ability for mass 

customization, which have led to a transformative 

impact on supply chain dynamics within the 

aerospace sector [14,15]. The cumulative influence 

of these factors positions 3D printing as a disruptive 

technology within the aerospace industry, reflecting 

its alignment with contemporary production 

requirements and strategic values increasingly 

adopted in defense applications [16]. Thus, the rise 

of additive manufacturing continues to redefine 

manufacturing paradigms within these domains, 

setting a precedent for further technological 

advancements. 

The selection of materials for aerospace 

applications is critical due to the demanding 

environments encountered, necessitating significant 

consideration of mechanical performance and 

compliance with stringent regulatory requirements. 

High-performance engineering thermoplastics, 

particularly Ultem 9085, have emerged as preferred 

materials in this industry due to their superior 

properties. Ultem 9085, a polyetherimide (PEI), 

exhibits exceptional mechanical strength, stiffness, 

and resistance to high temperatures and harsh 

chemicals. These attributes are crucial in the 

aerospace sector where components must meet 

rigorous safety and certification standards mandated 

by organizations such as the Federal Aviation 

Administration (FAA) and the European Union 

Aviation Safety Agency (EASA) [17,18]. 

Furthermore, research indicates that Ultem 9085 has 

favorable flame, smoke, and toxicity characteristics, 

which are critical in minimizing risks in aviation 

environments [19–21]. Specifically, studies 

highlight that Ultem 9085 has lower smoke density 

and toxicity compared to other materials, aligning 

with the aerospace industry's emphasis on safety 

[19,21]. In addition to mechanical and thermal 

properties, Ultem 9085 demonstrates excellent 

compatibility with additive manufacturing 

processes, particularly fused deposition modeling 

(FDM). This compatibility allows for the production 

of geometrically complex and lightweight 

components while maintaining structural integrity, 

thereby enhancing the efficiency of manufacturing 

workflows in aerospace applications [22,21]. The 

ability to tailor components to specific functional 

requirements through FDM not only expands the 

design capabilities of engineers but also improves 

production agility, which is essential for rapid 

prototyping and low-volume production runs that 

are common in aerospace projects [23,21]. 

Moreover, the integration of additive manufacturing 

with high-performance materials like Ultem 9085 

signals a transformative shift in aerospace design 

and manufacturing strategies. As the industry adapts 

to the need for improved cost efficiency and 

enhanced performance, ongoing developments in 

materials and manufacturing techniques are essential 

to meet these challenges [24]. This transition 

reflects a broader trend toward utilizing advanced 

materials that not only fulfill mechanical demands 

but also align with stricter regulatory frameworks. 

In conclusion, Ultem 9085 stands out as a material 

of significant importance within the aerospace 

industry, due to its versatile properties that cater to 
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both performance and regulatory compliance needs. 

Its compatibility with advanced manufacturing 

methods further positions it as a key material in the 

evolution of aerospace component production. 

This paper provides a comprehensive 

overview of the current applications of 3D printing 

technologies within the aviation industry, 

highlighting both the technical and operational 

advantages that these approaches offer over 

conventional manufacturing methods. Special 

attention is devoted to the utilization of Ultem 9085 

as a material of choice for additively manufactured 

components, examining its unique properties and the 

ways in which it addresses the stringent 

performance and safety requirements inherent to 

aerospace environments. Drawing on insights and 

empirical data from ongoing projects, the discussion 

further explores the practical benefits, challenges, 

and future prospects of integrating Ultem 9085-

based 3D printed parts into aviation systems. By 

synthesizing recent advancements and case studies, 

this paper aims to elucidate the transformative 

potential of additive manufacturing in shaping the 

next generation of aerospace components. 

 

II. Additive Manufacturing Technologies 

and Their Applications in Aviation 
2.1 Overview of Additive Manufacturing 

Technologies 

Additive manufacturing (AM), or 3D 

printing, represents a paradigm shift in production 

methodologies, facilitating the creation of complex 

geometries through the layer-by-layer deposition of 

materials based on digital designs. This innovative 

approach contrasts significantly with traditional 

subtractive manufacturing, which involves removing 

material from a solid block to shape the desired final 

product. The uniqueness of AM lies in its ability to 

minimize waste while offering versatility in material 

use and geometric complexity, making it especially 

valuable in industries such as aerospace, 

automotive, and medical [25,26]. Among the 

various AM technologies, fused deposition 

modeling (FDM), selective laser sintering (SLS), 

stereolithography (SLA), and electron beam melting 

(EBM) have emerged as prominent methods, each 

with distinct material compatibilities and 

applications. For instance, FDM is particularly 

favored in aerospace for processing high-

performance thermoplastics like Ultem 9085, which 

are critical for lightweight yet durable components 

[27]. Conversely, powder bed fusion techniques, 

notably laser powder bed fusion (LPBF) and 

electron beam melting (EBM), have gained traction 

for metal part production due to their capability to 

create dense and structurally sound components 

[28,29]. The developments in LPBF technology, 

such as enhanced material characterizations and 

process optimizations, are essential for meeting the 

rigorous demands of aerospace manufacturing. 

Researchers have noted that LPBF can achieve high 

levels of detail and structural integrity, making it 

suitable for intricate parts that require stringent 

performance criteria [30]. The ongoing exploration 

of new alloys and processing parameters further 

highlights the adaptability of LPBF, showing 

promise for innovative applications in both 

aerospace and automotive sectors [31,32]. 

Moreover, there is a significant emphasis on Design 

for Additive Manufacturing (DfAM), which 

optimizes product design simultaneously with the 

AM process. This optimization is vital to leveraging 

the unique capabilities of AM technologies, which 

can yield parts with complex internal geometries 

that would be impossible to fabricate using 

conventional machining techniques [33,34]. This 

progressive thinking underscores a broader trend in 

the adoption of AM, where efficiency and 

performance drive the integration of these 

technologies into high-stakes manufacturing 

environments. In conclusion, AM's capabilities to 

fabricate complex geometries with minimal waste 

represent a significant advancement over traditional 

manufacturing. Technologies such as FDM and 

LPBF are at the forefront, meeting industry 

demands for high-performance materials and 

intricate designs, especially in sectors with rigorous 

specifications like aerospace. As research continues 

to evolve in this field, the future of manufacturing is 

likely to be increasingly defined by AM 

technologies. 

 

2.2 Advantages of 3D Printing in Aerospace 

Applications 

The advantages of 3D printing, particularly 

within aerospace applications, are driving 

transformative changes in the industry. One of the 

foremost benefits is the significant design freedom 

afforded by additive manufacturing. Traditional 

manufacturing methods face constraints in 

producing complex geometries, whereas 3D printing 

allows for the realization of intricate structures, such 

as internal channels and lattice frameworks that 

enhance functionality and reduce weight [2,35]. 

This capability not only contributes to the 

optimization of part performance but also facilitates 

the integration of multiple components into a single 

structure, thereby decreasing the overall parts count 

in assemblies, which is critical for aerospace 

applications where weight and space are paramount 

[2].  

Moreover, the rapid prototyping 

capabilities of 3D printing accelerate product 

development cycles, enabling the swift creation of 
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prototypes for design validation and functional 

testing [2,35]. This is particularly beneficial in the 

aerospace sector, where the costs of change late in 

the manufacturing process can be substantial. The 

on-demand production capability of 3D printing also 

minimizes the need for large inventories and reduces 

lead times, which is especially valuable when 

manufacturing low-volume, specialized aerospace 

components [2,36]. The reduction in inventory and 

waste, alongside the facilitation of just-in-time 

production methods, aligns with contemporary 

trends in sustainable manufacturing practices within 

the aerospace industry [35,37]. In addition to these 

primary benefits, innovation in material science 

related to additive manufacturing enhances the 

functional properties of 3D-printed aerospace 

components. For instance, the development of 

advanced material compositions enables improved 

mechanical properties, thermal resistance, and 

durability, which are essential for the demanding 

environments faced by aerospace components 

[35,37]. Furthermore, by utilizing 3D printing, 

manufacturers can explore various material mixes 

that allow for multifunctional components, such as 

those that integrate electronic properties or are 

optimized for thermal management [2,35]. As 3D 

printing continues to evolve, its integration within 

the aerospace industry not only streamlines 

manufacturing processes but also opens new 

avenues for engineering innovation. 

 

2.3 Benefits in Weight Reduction, Functionality, 

Cost, and Lead Time 

The integration of additive manufacturing 

(AM), commonly referred to as 3D printing, in the 

aerospace sector has brought significant advantages 

in terms of weight reduction, functionality, cost 

efficiency, and lead times. These benefits stem from 

the inherent capabilities of AM that allow for 

sophisticated geometrical optimizations and material 

savings. A primary benefit of 3D printing in 

aerospace engineering is weight reduction.  

The use of advanced geometrical designs, 

such as lattice structures, enables the production of 

lightweight components that do not compromise 

strength or integrity. For instance, titanium and its 

alloys, which are widely used in aerospace, can be 

manufactured using AM techniques like direct metal 

laser melting (DMLM) [38]. This method allows for 

the creation of intricate designs that significantly 

reduce material usage while maintaining the 

necessary mechanical properties required in high-

stress applications [39].  

Additionally, the functionality of 

components manufactured through 3D printing can 

be drastically enhanced. AM enables the 

construction of parts with customized features, such 

as integrated cooling channels or specific mounting 

points, which are not feasible with traditional 

manufacturing methods [2]. This functional 

integration not only improves the performance of 

individual components but also streamlines the 

overall assembly process, leading to increased 

reliability of the final systems. The innovation 

represented by the seamless incorporation of 

multiple functionalities into a single component 

exemplifies the transformative nature of AM 

technology [40].  

Cost and production efficiency are also 

significantly improved through 3D printing. By 

using only the material required for the creation of 

each part, AM reduces material waste, which is 

especially crucial in industries where raw materials, 

such as advanced composites, are prohibitively 

expensive [39]. Moreover, AM reduces the number 

of manufacturing steps, tooling costs, and labor 

needed for production, resulting in overall cost 

savings [41]. The reduced production lead times 

afforded by 3D printing enhance the industry's 

responsiveness to market demands and design 

modifications, allowing for quicker iterations and 

more agile development processes [42].  

Collectively, these advantages illustrate the 

extensive potential of 3D printing technologies in 

the aerospace industry, characterized by increased 

efficiency, enhanced performance capabilities, and a 

notable impact on sustainability through weight 

reduction and material conservation. As the 

technology continues to evolve, it paves the way for 

further innovations in aerospace design and 

manufacturing [43]. 

 

III. Properties and Applications of Ultem 

9085 
3.1 Technical Properties of Ultem 9085 

Ultem 9085, a high-performance 

thermoplastic polyetherimide (PEI), is widely 

utilized in demanding sectors such as aerospace and 

transportation due to its remarkable technical 

properties. This thermoplastic material is recognized 

for its exceptional mechanical strength, thermal 

stability, and chemical resistance. Various studies 

indicate that Ultem 9085 exhibits a tensile strength 

of approximately 78.77 MPa [17] and a flexural 

modulus up to 2.36 GPa [17,44]. The material 

retains its structural integrity at elevated 

temperatures, showcasing a glass transition 

temperature (Tg) of around 186°C, which 

underscores its suitability for applications subjected 

to significant thermal stress [45,21]. 

Moreover, Ultem 9085's performance 

regarding flame, smoke, and toxicity (FST) is 

crucial for compliance with aerospace interior 

standards. It meets stringent flammability 
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requirements such as FAR 25.853 and OSU 65/65, 

ensuring low smoke emission and minimal toxicity 

in the event of fire [46,47,48]. Additionally, its 

resistance to a diverse range of chemicals enhances 

the material's longevity and reliability in various 

engineering applications [48,49]. 

The multifaceted properties of Ultem 9085 

arise from its unique formulation, which includes a 

polycarbonate (PC) copolymer to enhance flow 

during additive manufacturing processes [50]. 

Consequently, Ultem 9085 not only provides high 

strength and thermal resistance but is also 

recognized for its excellent characteristics in 3D 

printing, making it a preferred choice for 

manufacturing complex geometries required in 

advanced applications [20]. 

Recent studies indicate that the mechanical 

properties of Ultem 9085 can be significantly 

influenced by the parameters of the 3D printing 

process, including build orientation and infill 

density [51,19]. Optimizing these parameters can 

lead to improved mechanical performance, 

addressing concerns regarding property degradation 

in additively manufactured polymers compared to 

their bulk counterparts [19]. This highlights the 

importance of ongoing research and development 

aimed at refining the application of Ultem 9085 in 

high-performance contexts. 

In summary, Ultem 9085 stands out in the 

realm of advanced polymers as a versatile, durable, 

and thermally resilient material suitable for critical 

applications in aerospace and transportation, owing 

to its impressive mechanical and thermal properties 

and adherence to safety regulations. 

 

3.2 Rationale for Use in Aerospace Applications 

Ultem 9085, a high-performance 

amorphous thermoplastic polyetherimide (PEI), 

exhibits a range of properties that render it 

particularly suitable for aerospace applications. One 

of the key advantages of Ultem 9085 is its 

exceptional strength-to-weight ratio, making it an 

ideal choice for lightweight components critical in 

aircraft design aimed at enhancing fuel efficiency 

and reducing operational costs. For instance, Ultem 

9085 demonstrates a tensile modulus of 2.36 ± 0.03 

GPa and a yield strength of 78.77 ± 0.94 MPa, 

indicating its robust mechanical performance under 

various relevant loads in aerospace scenarios 

[17,21]. 

Flame retardancy is another vital property 

of Ultem 9085, aligning well with stringent aviation 

safety standards. Its inherent low toxicity and 

excellent flame-retardant capabilities make it 

suitable for interior components of aircraft, meeting 

the critical safety protocols established by aviation 

authorities [21,20]. Furthermore, Ultem 9085's low 

smoke generation enhances its reliability in fire 

safety applications, reinforcing its suitability for the 

aerospace sector [21,22]. 

Additionally, the compatibility of Ultem 

9085 with Fused Deposition Modeling (FDM) 

allows for the efficient and economical production 

of complex geometries, which is highly beneficial in 

modern agile manufacturing environments within 

the aerospace industry. Through FDM, 

manufacturers can quickly prototype and produce 

custom-designed parts that may be difficult to 

achieve with traditional manufacturing processes, 

streamlining production workflows [53,21]. The 

rapid iteration capabilities provided by FDM 

technology are advantageous, particularly in 

aerospace where rapid prototyping can significantly 

shorten development cycles [52]. 

Moreover, advancements in 3D printing 

technologies further cement Ultem 9085's role in 

supporting innovation within the aerospace field. 

Research has focused on optimizing FDM 

parameters to enhance the material properties of 

Ultem 9085, ensuring that the end-use components 

adhere to the high-performance needs of aerospace 

applications [52,22]. As the aerospace industry 

pushes towards more eco-efficient and 

technologically advanced aircraft designs, materials 

like Ultem 9085 play a crucial role due to their 

mechanical strengths, lightweight nature, and 

compatibility with modern manufacturing 

techniques. 

 

3.3 Real-World Examples and application in our 

current project 

Ultem 9085 is a high-performance 

thermoplastic material recognized for its superior 

mechanical properties and flame retardancy, making 

it increasingly popular in the aerospace industry. 

Notably, Airbus has employed 3D-printed Ultem 

9085 components in the A350 XWB aircraft, 

utilizing this material for various cabin and ducting 

applications while adhering to stringent safety 

standards [20]. Similarly, Boeing utilizes Ultem 

9085 for producing lightweight, certified parts for 

both commercial and military aircraft, 

demonstrating the material's compliance with 

rigorous aerospace regulations [48]. This real-world 

application highlights Ultem 9085's capabilities in 

meeting the demanding requirements of the 

aerospace sector, supported by its excellent 

mechanical properties and flame resistance [21,68]. 

In our ongoing project, the selection of 

Ultem 9085 for additive manufacturing using Fused 

Deposition Modeling (FDM) technology 

emphasizes its advantages in aerospace applications. 

Ultem 9085 enables the production of geometrically 

complex and lightweight components, crucial for 
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improved efficiency and performance in aviation 

[48]. The versatility of Ultem 9085 not only 

facilitates rapid prototyping but also supports 

functional testing and the final production of end-

use components, thereby enhancing the overall 

efficiency of the manufacturing process. Research 

indicates that the material can be optimally 

processed under conditions that enhance its 

mechanical properties, emphasizing the importance 

of filament handling and print parameters [17,52]. 

Furthermore, Ultem 9085 is noted for its superior 

fire safety characteristics, making it suitable for 

high-temperature environments typical in aerospace 

applications [20]. 

Our experience with Ultem 9085 in FDM 

has underscored its importance in contemporary 

aerospace manufacturing. It aids in the transition 

from prototype to production and contributes to 

flexible design and manufacturing strategies 

necessary to keep pace with advancements in 

aircraft technology [55,44]. The combination of 

enhanced material properties, compatibility with 

advanced manufacturing techniques, and adherence 

to stringent safety standards ultimately positions 

Ultem 9085 as a strategic choice for aerospace 

component production [54,48]. 

IV. Discussion and Conclusions 
4.1 Current Limitations of 3D Printing in 

Aerospace 

Despite the considerable advantages 

offered by additive manufacturing technologies in 

the aerospace sector, several limitations currently 

hinder their wider adoption for certain applications. 

One primary constraint is the cost of high-

performance materials and 3D printing equipment, 

which remains relatively high compared to 

traditional manufacturing methods, particularly for 

large-scale production. Additionally, the build size 

of most industrial 3D printers imposes restrictions 

on the dimensions of components that can be 

produced in a single process, often necessitating the 

assembly of multiple printed parts—a process that 

may introduce additional weight or compromise 

structural integrity. 

Surface quality and resolution also present 

notable challenges. While technologies such as 

fused deposition modeling (FDM) and selective 

laser sintering (SLS) are capable of producing 

structurally sound parts, the resulting surface finish 

may require extensive post-processing to meet the 

stringent aesthetic and aerodynamic standards of 

aerospace components. Achieving uniform material 

properties throughout the printed part, especially for 

complex geometries, remains an ongoing area of 

research and development. 

Furthermore, the certification and 

standardization of 3D printed parts pose significant 

regulatory challenges. The aviation industry is 

subject to strict certification requirements, and the 

lack of universally accepted standards for additive 

manufacturing can complicate the qualification of 

3D printed components for flight-critical 

applications. 

 

4.2 Future Perspectives 

Looking ahead, ongoing advancements in 

additive manufacturing technologies are expected to 

address many of the current limitations, paving the 

way for broader implementation in aerospace and 

beyond. The development of larger-format printers 

and multi-material printing capabilities will expand 

the range of feasible applications, enabling the 

fabrication of more complex and integrated 

structures. Improvements in process control, 

material science, and in-situ monitoring 

technologies are anticipated to enhance the 

consistency, mechanical properties, and surface 

quality of printed parts, thereby reducing the need 

for extensive post-processing. 

Moreover, as regulatory bodies continue to 

develop and refine standards for the certification of 

additively manufactured components, the pathway 

toward the approval and adoption of 3D printed 

parts in safety-critical aerospace systems will 

become clearer and more streamlined. The 

integration of digital manufacturing workflows—

including topology optimization, digital twins, and 

predictive maintenance—will further enhance the 

efficiency and adaptability of aerospace production. 

In summary, while certain technical and 

regulatory hurdles remain, the future of 3D printing 

in aerospace is promising. Continued research and 

collaborative efforts among industry stakeholders 

are expected to unlock new opportunities for 

innovation, ultimately enabling the realization of 

lighter, more efficient, and more complex aerospace 

systems. 
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