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Abstract—This study investigates the use of 3D 

printing in the fabrication of composite overwrapped 

pressure vessels (COPVs). Focusing on materials like 

carbon fiber reinforced polymers (CFRPs) and glass 

fiber reinforced polymers (GFRPs), the research 

evaluates their mechanical properties, including 

tensile strength, impact resistance, and fatigue 

performance. The 3D printing process is optimized to 

achieve precise fiber orientation and complex 

geometries for enhanced vessel strength and 

durability. Experimental testing, including pressure 

and structural analysis, highlights the benefits and 

limitations of 3D printing in creating lightweight, 

high-strength pressure vessels for various industrial 

applications. 

 

Index Terms—3D printing, composite overwrapped 

pressure vessels, CFRP, GFRP, mechanical 

properties, tensile strength, impact resistance, fatigue 

behavior, pressure testing. 

 

I. INTRODUCTION 

 

The demand for lightweight, high-strength materials 

in pressure vessel applications has led to the 

development of composite overwrapped pressure 

vessels (COPVs), which are widely used in 

industries such as aerospace, automotive, and 

energy. Traditional manufacturing methods, 

however, face limitations in terms of design 

flexibility, material efficiency, and production costs. 

The advent of 3D printing technology offers a 

potential solution to these challenges by enabling 

the fabrication of complex geometries with 

optimized material properties. This research 

explores the use of 3D printing to produce COPVs 

using advanced composite materials, including 

carbon fiber reinforced polymers (CFRPs) and glass 

fiber reinforced polymers (GFRPs). By optimizing 

the 3D printing process, such as the orientation of 

fibers and layer deposition, it is possible to enhance 

the mechanical performance of these pressure 

vessels. This study aims to investigate the 

feasibility, mechanical properties, and performance 

of 3D printed COPVs under various loading 

conditions, offering insights into their potential for 

next-generation applications. 

 

II. LITERATURE REVIEW 

 

The use of composite overwrapped pressure vessels 

(COPVs) has gained significant attention due to 

their lightweight and high-strength properties, 

making them ideal for aerospace, automotive, and 

energy applications. Traditional manufacturing 

techniques, such as filament winding and autoclave 

curing, have limitations in design flexibility and 

cost efficiency. Recent advancements in 3D printing 

technology, specifically fused deposition modeling 

(FDM) and selective laser sintering (SLS), have 

opened new possibilities for the fabrication of 

COPVs. Studies have demonstrated the potential of 

3D printed composite materials, including carbon 

fiber reinforced polymers (CFRPs) and glass fiber 

reinforced polymers (GFRPs), in achieving superior 

mechanical properties, such as tensile strength, 

impact resistance, and fatigue resistance. However, 

challenges remain in optimizing fiber orientation, 

material properties, and print quality to ensure the 

structural integrity of the vessels. Recent research 

has focused on improving the printing process, 

examining failure modes under pressure, and 

evaluating the feasibility of 3D printing for mass 

production of composite pressure vessels. 

 

III. METHODOLOGY 

 

The methodology for investigating 3D printed 

composite overwrapped pressure vessels (COPVs) 

involves a systematic approach, starting with 

material selection and design. Carbon fiber 

reinforced polymer (CFRP) and glass fiber 
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reinforced polymer (GFRP) composites are selected 

due to their high strength and lightweight 

properties. The pressure vessel designs are created 

using advanced CAD software, optimizing the fiber 

orientation and deposition patterns to maximize 

strength and durability. These designs are then 

fabricated using 3D printing technologies such as 

fused deposition modeling (FDM) or selective laser 

sintering (SLS). After fabrication, the printed 

vessels undergo mechanical property testing, 

including tensile, compression, and impact 

resistance tests, to evaluate the performance of the 

composites under stress. Additionally, fatigue 

testing is performed to assess long-term durability. 

The vessels are subjected to internal pressure testing 

to simulate real-world conditions, and the failure 

modes are analyzed to determine the effectiveness 

and structural integrity of the 3D printed COPVs. 

Data obtained from these tests are analyzed to 

validate the design and performance. 

 

IV. PROCEDURE 

 

The experimental investigation of 3D printed 

composite overwrapped pressure vessels (COPVs) 

involves several key steps. Initially, the composite 

material selection is made, focusing on carbon fiber 

reinforced polymers (CFRPs) and glass fiber 

reinforced polymers (GFRPs). These materials are 

chosen for their high strength-to-weight ratio and 

suitability for 3D printing. Next, the design of the 

pressure vessel is modeled using CAD software, 

considering factors like geometry, fiber orientation, 

and layer deposition patterns. The 3D printing 

process is then carried out using a suitable additive 

manufacturing technique, such as fused deposition 

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

to fabricate the composite layers. Once the vessels 

are printed, they undergo a series of mechanical 

tests, including tensile strength, impact resistance, 

and fatigue testing, to assess their structural 

integrity. Finally, pressure testing is conducted to 

evaluate the vessel’s performance under different 

loading conditions, and failure modes are analyzed 

to determine the viability of 3D printed COPVs in 

real-world applications. 

 

V.  RESULTS AND DISCUSSION 

 

The experimental results indicate that 3D printed 

composite overwrapped pressure vessels (COPVs) 

exhibit promising mechanical properties, with 

carbon fiber reinforced polymer (CFRP) vessels 

showing superior tensile strength and impact 

resistance compared to glass fiber reinforced 

polymer (GFRP) vessels. Tensile tests revealed that 

CFRP vessels achieved a higher ultimate tensile 

strength, while GFRP vessels demonstrated better 

resistance to fatigue under cyclic loading. Pressure 

testing revealed that both CFRP and GFRP vessels 

could withstand significant internal pressures, with 

failure modes primarily occurring due to 

delamination and fiber misalignment in certain 

areas. The 3D printing process was found to 

influence the fiber orientation, affecting the vessel's 

structural integrity, particularly in areas where the 

layer deposition was not optimized. These findings 

highlight the potential of 3D printing for producing 

lightweight, high-strength pressure vessels but also 

underscore the importance of optimizing printing 

parameters to enhance performance and reliability. 

Future work should focus on improving fiber 

alignment and exploring advanced 3D printing 

techniques to address current limitations. 

 

VI. CONCLUSION 

 

This experimental investigation demonstrates the 

potential of 3D printing for fabricating composite 

overwrapped pressure vessels (COPVs) using 

carbon fiber reinforced polymers (CFRPs) and glass 

fiber reinforced polymers (GFRPs). The results 

show that 3D printed CFRP vessels offer superior 

tensile strength and impact resistance, while GFRP 

vessels provide better fatigue resistance. Both 

materials successfully withstood significant internal 

pressures, though failure modes such as 

delamination and fiber misalignment were observed 

in some cases. The study highlights the importance 

of optimizing 3D printing parameters, particularly 

fiber orientation and layer deposition, to improve 

the overall mechanical performance and structural 

integrity of COPVs. Despite the challenges, 3D 

printing shows great promise for producing 

lightweight, customizable pressure vessels, offering 

an efficient alternative to traditional manufacturing 

methods. Future research should focus on refining 

printing techniques, enhancing material properties, 

and addressing the current limitations in order to 

fully exploit the potential of 3D printed composite 

pressure vessels in various industrial applications. 
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