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Advanced composites are attracting increasing attention in industrial applications
due to their excellent performance, i.e., high mechanical properties in terms of stiffness-
and strength-to-weight ratios when compared to their counterparts. Meanwhile, the rapid
enhancement of additive manufacturing (AM) techniques has been leading to satisfactory
printing of advanced composites, accelerating many highly specific but important engineer-
ing productions for advanced materials and structures with complex geometries, unique
functions, excellent performance, etc. [1–5]. The importance of AM of advanced composites
is evident, and in this regard, investigations into fabrication techniques and processes,
modeling and characterization, structure–property performance, design and optimization
of AM or 3D printing are urgent and crucial.

Regarding the AM fabrication technology for advanced composites, usually, it creates
objects directly by stacking layers of material on each other until the required product is
obtained [6–8]. As such, the extrusion-based method has currently been becoming the most
used approach in the fabrication of advanced composites [9,10]. Ajao et al. [6] employed
extrusion-based AM to design and construct a low-cost and high-accessibility 3D printing
machine to manufacture plastic objects, where the distance between the nozzle tip and the
bed is recommended as 0.1 mm during the AM process. In addition to this, Sharafi et al. [9]
applied fused filament fabrication (FFF), a key approach of extrusion-based AM, to produce
intricate PAEK and PAEK composite parts and to tailor their mechanical properties such
as stiffness, strength, and deflection at failure. A multiscale modeling framework was
used to identify the layer design and process parameters that may significantly affect
the mechanical properties of polyetherketoneketone (PAEK) and PAEK composites. The
results show that the mechanical properties of AM-produced parts are comparable to those
of injection-molded parts [9]. Cramer et al. [11] developed an additive manufacturing
process for fabricating ceramic matrix composites based on the C/C-SiC system. In this
study, automated fiber placement of the continuous carbon fibers in a polyether ether
ketone matrix was performed to consolidate the carbon fibers into a printed preform,
and pyrolysis was performed to convert the polymer matrix to porous carbon. Then,
Si was introduced by reactive melt infiltration to convert a portion of the carbon matrix
to silicon carbide. Astafurova et al. [12] used the electron-beam AM method to obtain
dual-phase specimens, their temperature dependence of tensile deformation behavior, and
their mechanical properties (yield strength, ultimate tensile strength, and an elongation-
to-failure). Susanto et al. [13] applied the digital light processing (DLP) technique to
fabricate nickel microparticle-reinforced composites. Their mechanical properties were
evaluated based on tensile strength, surface roughness, and hardness, and the findings
demonstrate the potential of DLP-fabricated Ni-reinforced composites for applications
demanding enhanced mechanical performance while maintaining favorable printability,
paving the way for further exploration in this domain.

For modeling and characterization of structure–property performance, Zach et al. [14]
reviewed the AM process across different spectrums of finite element analyses (FEA) and
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summarized the building definition (support definition) with the optimization of deposi-
tion trajectories and the multi-physics of melting/solidification using computational fluid
dynamics. The process modeling continues with the displacement/temperature distribu-
tion. Salgueiro et al. [15] investigated the effects of infill percentage and filament orientation
on the mechanical properties of 3D-printed polylactic acid (PLA) structures, where both
the finite element method and experimental tests were utilized in characterization. The
results demonstrated that the process parameters have a significant impact on mechan-
ical performance, particularly when the infill percentage is less than 100%. Meanwhile,
Daly et al. [16] studied the impacts of infill patterns and densities on the mechanical charac-
teristics of polyethylene terephthalate specimens reinforced with carbon fibers, fabricated
by extrusion-based AM. The results show that the design with a 75% honeycomb and
100% infill density has the highest Young’s modulus and tensile strength. In addition, the
honeycomb was the ideal infill pattern, with 75% and 100% densities, providing significant
strength and stiffness. Additionally, Ogaili et al. [17] evaluated the tensile and fracture
behaviors of 3D-printed PLA composites reinforced with chopped carbon fibers through
experimental characterization and finite element analysis (FEA). An inverse correlation
between tensile strength and fracture toughness was observed, attributed to mechanisms
such as crack deflection, fiber bridging, and fiber pull-out facilitated by multi-directional
fiber orientations. Paulo et al. [18] developed 3D-printed PLA composites reinforced with
flax fibers to evaluate the improvement in tensile and flexural strengths. An experimental
design was utilized to study the effects of extruder temperature, number of strands, infill
percentage of the specimens, and whether surface chemical treatment with flax fiber had an
impact on the mechanical properties. The results show that the surface chemical treatment
with the NaOH in the fiber does not have any influence on the mechanical properties
of the composites; in contrast, the infill density demonstrated a huge influence on the
improvement in mechanical strength. The maximum values of tensile and bending stress
were 50 MPa and 73 MPa, respectively. In addition to the flax fiber-reinforced composites,
Billings et al. [19] integrated wood fibers as a versatile renewable resource of cellulose,
within bio-based PLA polymer, for the development and AM of sustainable and recyclable
green composites using FFF technology. The 3D-printed composites were comprehensively
characterized to understand the critical materials’ properties, including density, porosity,
microstructures, tensile modulus, and ultimate strength. Adeniran et al. [20] employed
micro-CT scan analysis to quantitatively compare the fabrication temperature’s effect on the
mechanical properties of AM-fabricated carbon fiber-reinforced plastic (CFRP) composites.
Additionally, SEM evaluation was used to determine the temperature effects on interlayer
and intralayer porosity generation, and it was found that the porosity volume was related
to the mechanical properties. Therefore, it was determined that temperatures influence
porosity volumes.

To obtain improved mechanical performance in the AM-fabricated advanced com-
posites, several studies were conducted. For example, for the fabrication of advanced
composites, hybrid machines can solve this problem by combining the advantages of both
additive and subtractive processes. However, little information is currently available to
determine the milling parameters; hence, Spitaels et al. [21] proposed a systematic ap-
proach to experimentally determine the cutting parameters of green AM zirconia parts.
Sadeghi et al. [22] developed a hybrid approach to solve the challenge of balancing strength
and ductility in aluminum matrix composites. Owing to their studies, potential applica-
tions include lightweight and high-strength components for use in the aerospace and
automotive industries. Structural materials for use in advanced mechanical systems that
require both high strength and toughness are also expected. Demarbaix et al. [23] aimed
to explore the feasibility of printing parts in continuous carbon fiber and using this fiber
as an indicator, thanks to the electrical properties of the carbon fiber. The results show
that the resistivity evolves linearly during the elastic period. The gauge factor increases
when the number of passes in the manufacturing plane is low; however, repeatability is
impacted. Meißner et al. [24] proposed a novel two-stage AM method in which the process
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steps of AM and continuous fiber integration are decoupled from each other. By using
this method of fabrication, a significant improvement in the mechanical properties of the
3D-printed specimen was achieved compared to unreinforced polymer structures. The
Young’s modulus and tensile strength were increased by factors of 9.1 and 2.7, respectively.

Although increased attention is being paid to the AM of advanced composites, and the
performance of AM-fabricated composites has seen significant improvement, the advanced
composites made by AM still have a long way to go before they can be considered excellent,
because their mechanical properties still cannot compare to those of composited created
with conventional fabrication methods [25–27]. The collection of studies in this Issue may
help advance technology and bring industry closer to promoting the wider application of
AM for advanced composites.

Conflicts of Interest: The authors declare no conflict of interest.
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