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ABSTRACT 

Additive Manufacturing (AM) is the field in which technological 

advancement is moving faster than the speed of light and has been successfully 

applied in various applications. It is defined as the field that can make almost 

anything. The Fused Filament Fabrication (FFF) process, one of the most promising 

AM techniques, is used for rapid prototyping and functional testing with advantages 

of minimal wastage, less cost, flexibility, and the capability to produce complex parts 

with excellent quality. Due to the intrinsically limited mechanical properties of pure 

thermoplastic materials, there is a critical need to improve the mechanical properties 

of fused filament fabricated pure thermoplastic materials. One of the possible 

methods is adding reinforcement materials. The reinforcement can be in the form of 

fibers (carbon fiber, glass fibers, etc.), whiskers, metal powders (zirconia, alumina, 

titanium). This research study is going to present composite materials fabrication 

using the FFF process with the matrix as high-temperature polymer (polycarbonate) 

and acrylates (polymethyl methacrylate), and test if adding reinforcements (different 

content and length) can improve the mechanical and thermal behavior of the final 

3D printed (3DPed) composite part for applications in aerospace, the medical field, 

automobiles, sporting, and other daily goods. The entire process of creating the 

composite materials (CMs) using the FFF is called as Fiber Reinforced Additive 

Manufacturing (FRAM). The feedstock filaments are fabricated from plastic pellets 

with different fiber volume fractions and are used for creating the 3DPed composite 

parts. After the fabrication, effects on the mechanical properties including 

orthotropic tensile properties, flexural properties, and compression properties are 

investigated. Thermal characterization of fabricated composite is done by analyzing 

creep, storage and loss modulus at high temperature, thermal degradation 

temperature, and thermal conductivity. Surface morphology of short carbon fibers 

(SCFs) or short glass fibers (SGFs) reinforced composite materials is performed by 

observing the distribution of fibers, fiber length, fiber breakage, the orientation of 

fibers, and interaction area of fiber with the matrix material and gives this research 

a novelty from other researches. Fractography analysis is also performed on 3DPed 

tensile, flexural and compression samples to observe fiber behavior inside the matrix 

after the testing using scanning electron microscopy (SEM). Statistical analysis is 

performed to find out the most influential process parameter and their interaction 

for deciding the final mechanical performance of the 3DPed part. A micromechanical 

model like the Mori-Tanaka (MT) method with two-step homogenization is applied 

successfully to partially oriented short fibers reinforced 3DPed composite materials 

for the accurate prediction of effective orthotropic mechanical properties. The 

methodology developed in this study also offers opportunities that could be explored 

in the dental field concerned with the “design and manufacture” of devices. The 

study assessed the viability of FRAM for fabricating complete denture bases: 

polymethylmethacrylate (PMMA) as the matrix is reinforced with SGFs using the FFF 

process. This provides the opportunity of producing affordable and patient-specific 

composite dentures with improved clinical properties.  

 


