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Abstract

This paper provides a comprehensive review of fiber-reinforced composites, focusing specifically on
the utilization of metal-fiber composites in aerospace such as metal surface preparation prior to
bonding, resin selection, and detailed examination of mechanical testing and impact studies. The
significance of metal surface preparation for establishing strong bonding, which is a crucial initial step
in composite fabrication, is discussed. Additionally, the prevalent use of epoxy resins and their
importance in bonding metal fibers is highlighted. The mechanical strength of these composites is
thoroughly assessed through a combination of tensile and flexural tests, providing insight into their
structural integrity. The paper also provides a concise overview of low and high-velocity impact studies
conducted on metal-fiber composites, offering valuable insights into material response under various
impact conditions and real-world performance. Furthermore, it briefly explores the application of
metal-fiber composites in armor and aerospace, emphasizing their role in achieving weight reduction
while significantly improving stiffness and impact strength. This research paper presents a detailed
exploration of metal-fiber composites in aerospace and defense applications.

Keywords: Fibre-reinforced composites, metal-fiber composite, impact strength, sand blasting, tensile,
flexural

INTRODUCTION

A composite material is created by combining two dissimilar constituent materials with contrasting
mechanical, physical, and chemical properties, resulting in a new material with superior properties
compared to its individual constituents. In the aerospace industry, composites are widely utilized to
achieve weight reduction at the component level, owing to their low density, elevated stiffness, and
strength. Incorporating composites in modern aircraft is estimated to reduce weight by 15 to 25% [1].
Fiber-reinforced composites, utilizing synthetic or natural fibers, have gained significant importance in
aerospace applications in recent years. These composites offer exceptional resistance to corrosion,
impact, wear, and heat, along with a high strength-to-weight ratio. Commonly used fibers include
Carbon, Aramid, Glass, and Basalt, along with reinforcement alloys such as Titanium, Steel, and
Aluminum. A resin serves as the bonding agent for
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for reliable aerospace structures. Additionally, understanding failure modes in metal-fiber laminates is
crucial to ensure they provide sufficient strength, possess fatigue resistance, fracture toughness, and can
withstand environmental degradation [2]. Composites used in defense include carbon fiber-reinforced
polymers (CFRPs), glass fiber-reinforced polymers (GFRPS), and ceramic matrix composites (CMCs),
often used in armor, missile systems, and aircraft.

MATERIALS AND METHODS

The use of fiber reinforced composites started occurring in Aerospace applications very early when
they were looked as an alternative for metals. However, they possessed low fracture toughness, low
impact strength and were highly susceptible to environmental conditions like moisture and salinity.
Hence, the idea of adding one or two layers of thin metal emerged to nullify the disadvantages of fiber
laminates. Thus, metal-fiber laminates improved mechanical properties so that they can be considered
as an alternate in aerospace structures without compromising the structural stability. The different fibers
used in the metal-fiber combinations are shown in Figure 1. Three types of fibers commonly used in
aerospace composites are carbon fibers, glass fibers, and aramid (Kevlar) fibers.

Over these years, plenty of fibers from Aramid to carbon and glass fibers have been used in
combination with metal alloys like Aluminum, Stainless steel, Titanium and Magnesium with an epoxy
resin as a bonding agent to produce reinforced composite materials. As the cruise speeds increase and
the mission requirements keep on increasing, the need for light-weight structurally-stable heat-resistive
metal fiber composites is on a rise [3]. The different metal combinations used in the metal-fiber
combinations are shown in Figure 2.

This paper provides a comprehensive review of the various works reported in the literature on Metal-
Fiber composites mainly for aerospace applications. The literature review is categorized as below in
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Figure 2. Metals used in the metal-fiber reinforced composites.
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Figure 3. Review summary of metal-fiber reinforced composites.

METAL-FIBRE REINFORCED COMPOSITES

Metal-fiber composites play a crucial role in aerospace applications, particularly in the containment
wall surrounding the engine casing. This barrier serves to prevent foreign objects from entering the
engine, especially during blade-out events. Traditionally, the hard-wall containment approach employs
containment rings made of heavy metals such as Titanium. These metals absorb foreign particles,
minimizing damage to the structure. However, a newer method known as soft-wall containment utilizes
a metal-fiber composite in the containment ring. In this approach, the impact is primarily absorbed by
the fiber, protecting the metal structure from damage. Kevlar is a prominent fiber used in soft-wall
containment, often in conjunction with Titanium. Additionally, Carbon fiber, along with Aluminum
alloy, sees extensive use in various aircraft and spacecraft structures. On the other hand, Metal matrix
composites (MMCs) in aerospace are materials composed of a metal matrix (like aluminum or titanium)
reinforced with fibers or particles, offering improved strength, stiffness, and resistance to wear and heat.
Also, Wood plastic composites (WPCs) are made from a blend of wood, polymers, and additives, and
can be processed using methods like extrusion and additive manufacturing. While natural fibers in
WPCs offer benefits, they also have limitations such as lower strength, moisture absorption, and thermal
degradation [4]. This study reviews recent advances in raw materials, manufacturing processes, and
applications of natural fiber composites (NFCs). Natural fibers are explored as alternatives to synthetic
fibers like glass, aramid, and carbon in biocomposite applications. The review compares the physical
and chemical properties of natural and synthetic fibers, highlighting the advantages and disadvantages
of NFCs. Criteria for selecting and processing natural fibers in industries such as automotive and
construction are discussed [5].

Surface Preparation of Metals

Studies have shown that bonding metals and fibers which are two different distinctive materials is
really a challenge. Over the years, studies have also shown that, the metal surface and fibers can be
bonded together to obtain satisfactory mechanical strength by preparing the metal surface before
bonding. Most commonly used pre-treatments processes are degreasing, abrasion and chemical
treatment. The choice of the right pre-treatment process is crucial in obtaining desired results from the
metal-fiber composite. Some of the surface preparation methods used in the fabrication of metal-fiber
composites is shown in Figure 4.

Some of the recent researches in the preparation of metal surface reported in the literature have been
consolidated below.
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Figure 4. Surface preparation methods in metal-fiber composites.
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Various studies have explored methods for modifying titanium surfaces to enhance their bonding
properties with veneering composite resins. Ban Seiji and colleagues discovered that etching
commercially pure titanium with 48% H2S04 effectively alters the surface for improved resin bonding
[6]. Another investigation by Gaurav Raj Singh compared the surface characteristics of smooth titanium
disks with sand-blasted and acid-etched ones (Group SLA). Singh's findings indicated that the latter
exhibited increased roughness and enhanced attachment of osteoblast cells, suggesting superior
osseointegration potential [7]. Revankar examined the machining of titanium alloy using a
polycrystalline diamond (PCD) tool under various coolant strategies. Results revealed that employing
minimum quantity lubrication (MQL) with specific parameters minimized surface roughness, while dry
machining maximized surface hardness. The study concluded that MQL lubrication combined with
PCD inserts yielded superior surface finish and hardness in titanium alloy machining [8]. Balza
analyzed the sandblasting process using alumina abrasive particles on Ti-6Al-4V surfaces. Optical
microscopy revealed that the particle size decreased after sandblasting, resulting in a decrease in kinetic
energy. As a result, the Ti-6Al-4V surfaces initially became rougher, but interestingly after 7 seconds a
reverse process was initiated leading to a polishing effect on the alloy's surface [9]. Some research also
discusses the problems in bonding polymer composites to titanium and the need for environmentally
friendly surface treatment methods. Though it has been proved that surface treatments can improve
bond strengths, many of these processes involve the use of hazardous chemicals that need to be phased
out [10]. There are also studies reported on the use of sandblasting as a surface treatment method for
titanium dental implants and the potential adverse effects of using alumina (AI203) grits. A study on
the roughening effect and contamination of different grit materials including Al203, silica (SiO2) glass,
and aluminum (Al) on titanium implant surfaces shows that, while each material has its own advantages
and disadvantages, Al203 is the most suitable grit material for sandblasting titanium implants [11]. A
separate investigation by Aria Wira Yuda analyzed the impact of sandblasting parameters on the surface
roughness of Ti-alloy implants, highlighting the significant influence of parameters like impact distance
and sandblasting media type on surface characteristics [12]. Additionally, research by Jemat proposes
acid etching and coating application as effective methods for achieving desirable surface roughness on
commercial pure titanium [13]. Natural fiber-reinforced composites (NFRCs) have gained popularity
as eco-friendly alternatives to traditional materials like glass fiber. Natural fibers such as abaca, jute,
and flax offer advantages like lightness, biodegradability, and competitive mechanical properties,
making them suitable for engineering applications [14]. Abaca is a strong contender among natural
fibers for reinforcing polymer composites due to its durability, flexibility, and mechanical strength.
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Treatments like alkali and silane enhance its properties, making abaca-based composites superior to
some synthetic fibers. These composites find applications in industries such as automotive, packaging,
and textiles [15].

Resins used in Metal-Fibre Composites

A number of reported literature are available on the resins used in meal-fiber composite fabrication.
Normally, two types of resins (Polymers) such as thermosets and thermoplastics are used in various
applications in Aerospace Engineering. In thermosets, resins like polyester resin, epoxy resin, vinyl
esters, phenolic, polyurethane, polyester-based polyurethane resins and polyunsaturated resins are used.
In thermoplastic resins, resins like Polyethylene, Polypropylene, Acrylic, High Density Poly Ethylene
and Polystyrene are used [16]. In a review conducted by Kazemi and team on Fiber-Metal Laminates
(FMLs), the different surface treatment methods like sandblasting, anodization, chemical etching,
plasma treatment, Micro Arc Oxidation (MAO) and ozone formation process were compared. Also, the
various fabrication methods like autoclave, VARI, VARTM, hand layup and stamp forming processes
were discussed. The mechanical properties of the FMLs like fatigue properties, tensile and flexural
properties, shear properties, Metal Composite Interface (MCI) properties and impact properties were
analyzed. It is seen that, when compared to GLARE (aluminum-based FMLs), hybrid titanium
composite laminates (HTCLs) expressed superior in-plane mechanical properties such as fatigue,
tensile, compression and shear [17]. A study was conducted on three hybrid composites with E-glass
fiber and Kevlar-49 and dissimilar ratios of epoxy resin and hardener by hand layup method. The results
show that, the laminate with resin and hardener in the ratio 3:2 exhibited best mechanical properties in
terms of hardness and tensile strength while the laminate with and 4:1 showed better inter-laminar
properties and adhesion capabilities [18].

Mechanical Testing of Metal-Fibre Composites

The bending behavior of a carbon-fiber composite specimen was investigated through a three-point
beam impact test using two different sets of gas gun apparatus [19]. The force of impact and beam
deflection was measured using statically calibrated strain gauges. Damage observed in the specimen
was attributed to the energy release caused by the difference in kinetic energy of the impactor and the
potential energy of the beam. Gouda and colleagues explored the Mode-1 fracture behavior of glass-
carbon fiber reinforced hybrid polymer composites along two different directions using a computer-
controlled universal testing machine [20]. The study revealed that the elastic modulus was predominant
along the fiber orientation, and the stress intensity factor for Mode-1 fracture was higher along the fiber
orientation. Fracture surfaces exhibited brittle cleavage failure with some debonding between the fiber
and matrix. Azzam investigated the three-point bending behavior of composite laminate structures with
quasi-isotropic and unbalance stacking sequences [21]. The quasi-isotropic sequence demonstrated
superior advantages and exhibited brittle behavior, while the unbalance sequence showed a non-linear
curve due to compressive yielding. Rajesh studied the flexural behavior of Kevlar composites prepared
by hand layup process [22]. The study reported that the Kevlar fiber composite broke at 226 kN with a
maximum displacement of 6.7 mm at an ultimate stress of 5.56 N/mmz2. Changing fiber orientation was
found to affect the ultimate strength. Eksi analyzed the mechanical strength in epoxy composites
comprising unidirectional fibers of glass and carbon, as well as woven fibers of glass, Aramid, and
carbon [23]. The results indicated that unidirectional carbon fiber composites showcased superior
mechanical properties compared to glass fiber composites. Among woven fibers, Aramid fiber
composites demonstrated superior mechanical properties compared to both glass and carbon fiber
composites. In a study on Kevlar Fiber reinforced Aluminium 6061 Sandwich composite, the material
exhibited superior tensile, flexural, and impact properties, suggesting its potential as an advantageous
alternative in aerospace applications [24]. A similar study comparing the mechanical characteristics of
Kevlar fiber epoxy composites with aluminum revealed errors up to 18% when experimental results
were compared to FEA results [25]. Belan evaluated the three-point bending fatigue loading on a
TiAI6V4 titanium alloy and concluded that the width of lamellae significantly influences fatigue life
[26]. Three-point bending was identified as more suitable for assessing complex fatigue life in advanced
materials.
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A recent study examined the impact of fiber orientation on the mechanical properties of flat plates
and flat plates with circular holes made of woven Kevlar/Epoxy composite laminates [27]. Results
showed maximum displacements in x and y directions at 0° and 90°, no displacement in the z direction,
and higher stress at 0° and 90°. Flat plates with circular holes exhibited reduced strength due to material
removal. Another investigation focused on the effect of modified Alumino Silicates (bentonite) on
Kevlar/epoxy reinforced composites [28]. The study analyzed the mechanical and morphological
characteristics of composites incorporating 1% and 3% modified bentonite, demonstrating
enhancements in mechanical properties. Vasudevan investigated the mechanical properties of hybrid
composite laminates with different orientations of Kevlar and glass fibers [29]. Tensile and flexural
tests showed that the 0° Kevlar composite had the highest load carrying capacity, flexural modulus, and
mechanical properties. Rayhan compared the elastic properties of unidirectional composite materials
through analytical and experimental means [30]. The outcomes revealed that ANSYS Finite Element
(FE) values were in agreement with the Bridging model, and the specialized Material Designer FE code
yielded superior results compared to COMSOL FE. ANSYS Material Designer was identified as a
potent and efficient tool for calculating the stiffness of unidirectional composites.

In summary, numerous studies have extensively investigated the mechanical behavior of diverse
composite materials, exploring factors such as fiber orientation, stacking sequence, and the
incorporation of additives. The research covered carbon-fiber composite bending behavior, Mode-I
fracture in glass-carbon fiber reinforced hybrid polymer composites, and the three-point bending
behavior of composite laminate structures with varying stacking sequences. Additionally, studies
focused on the impact of fiber orientation on Kevlar/epoxy composite laminates, the assessment of
mechanical properties in Kevlar composites, and the potential substitution of conventional aluminum
with Kevlar fiber-reinforced aluminum 6061 sandwich composites in aerospace applications.
Comparative analyses included investigations into Kevlar fiber epoxy composites versus aluminum,
three-point bending fatigue loading on a titanium alloy, and the influence of modified alumina- silicates
on Kevlar/epoxy composites. Hybrid composite laminates with different orientations and a comparison
of elastic properties in unidirectional composite materials also contributed to the collective
understanding of composite materials' mechanical behavior, providing valuable insights into
applications and potential areas for improvement.

Low Velocity Impact Test

In a separate research endeavour, composite laminates featuring an epoxy matrix were meticulously
crafted using the hand layup technique. The impact characteristics of these laminates were extensively
investigated employing a drop weight impact tester at varying falling heights, including 600 mm, 700
mm, 800 mm, 900 mm, and 1000 mm. Notably, the study revealed that the unidirectional carbon/epoxy
composite exhibited diminished energy absorption during impact, displaying deformation and rapid
failure compared to other tested compositions. Furthermore, hybrid carbon + glass composites exhibited
superior impact strength compared to carbon-only composites. At higher impact heights, all laminate
specimens exhibited reduced time to reach maximum loads [31]. In a study conducted by Ruzugi,
laminate composites were fabricated using epoxy resin, glass fiber reinforcement, and various filler
materials through the hand layup method. Impact strengths of the different material combinations were
measured using Charpy and 1zod impact tests. Results indicated that the E-glass laminate exhibited the
highest impact strength of 17.82 kJ/m2 among other fiber-reinforced polymer composites. Additionally,
hybrid polymer composites, particularly epoxy glass and sisal fiber with silicon carbide filler, displayed
the maximum impact strength of 33.71 kJ/m2 among other hybrid polymer composites [32]. A low-
velocity impact failure analysis on thin composite laminates using carbon fiber/epoxy demonstrated
that the stacking sequence and impact energy level can influence the dynamic response of the laminates
[33]. Furthermore, low-velocity impact tests on composite plates with compressive pre-loading of
carbon fiber showed that the extent of intra-laminar damage for the pre-loaded model was slightly
higher than the unloaded plate, resulting in increased deflection and energy absorption [34]. Sharma
designed and fabricated glass fiber composite sandwich panels, conducting low-velocity impact tests
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with variable mass and height. Results indicated that the load absorbed versus time and absorbed energy
versus time were higher in the top surface compared to the bottom surface [35]. Another study by Zike
validated experimental and numerical results from low-velocity impact tests on unsaturated
polyester/glass fiber composite laminates. The impact tests led to perforation in all samples,
demonstrating a brittle response followed by matrix cracking and delamination. Importantly, there was
a notable agreement between experimental findings and simulation results [36].

In another study on predicting the damage area of laminated composite plates following low-velocity
impacts using ANSY'S software the authors have developed models to anticipate the extent of damage
sustained by these plates, aiding in the design and engineering of resilient composite materials. Their
findings contribute to enhancing the durability and performance of laminated composites in various
industrial applications [37]. In a study by Taraghi, Iman and team, it was observed that the inclusion of
multi-walled carbon nanotubes (MWCNTS) led to notable enhancements in the low-velocity impact
resistance of woven Kevlar/epoxy laminated composites with increased energy absorption and
improved damage tolerance of the composite material. At both ambient and low temperatures, the
specimens reinforced with MWCNTS exhibited reduced delamination and matrix cracking compared to
the unreinforced counterparts. The findings suggest that the incorporation of MWCNTSs holds promise
for enhancing the mechanical performance of Kevlar/epoxy laminates under impact loading conditions,
offering potential benefits for applications requiring lightweight yet robust materials in challenging
environments [38]. Buang and Kashif focused on simulating low-velocity impact tests on carbon/epoxy
composite plates to understand the behavior of these composite structures under impact loading
conditions. Their simulation results revealed valuable insights into the damage mechanisms and
deformation patterns experienced by the carbon/epoxy composite plates during low-velocity impacts.
Specifically, they observed the formation of delamination, matrix cracking, and fiber breakage within
the composite material, providing detailed information on the damage progression and severity [39].
Sansudin focused on the design and development of a drop weight impact test rig. This study detailed
the specific components and features incorporated into the test rig to ensure accurate and reliable impact
testing which is crucial for assessing the impact resistance of various materials and structures [40].

Jen, Chang, and Wu conducted numerical analysis and experimental verification of Ti/APC-2/Kevlar
hybrid composite laminates subjected to low-velocity impact. Through computational simulations and
physical experiments, they aimed to understand the impact response and damage mechanisms of these
hybrid composite laminates. Their research provided valuable insights into the energy absorption,
delamination, and damage propagation characteristics of the laminates under low-velocity impact
conditions. The combination of numerical analysis and experimental validation offers a comprehensive
understanding of the performance of Ti/APC-2/Kevlar hybrid composite laminates [41]. In a study
investigating the impact of fiber orientation on the penetration resistance of aircraft composite material,
it was found that plates with a cross-ply orientation exhibited the highest resistance to low-velocity
impact loads. Conversely, plates with a quasi-isotropic lay-up were perforated by the impactor. Finite
Element (FE) simulation results using LS-DYNA demonstrated favorable agreement with experimental
data [42]. Another investigation focused on understanding the penetrating mechanics of composites
through penetration tests on flat Kevlar-29/epoxy panels, revealed inner fractures induced through
guasi-static indentation experiments [43].

In a dynamic effects examination resulting from impacts during low-velocity tests, inner fractures
were induced through quasi-static indentation experiments. However, the study encountered limitations
as dynamic effects caused by impacts could not be adequately explored using quasi-static experiments.
It was noted that the thickness of the composite plate and the high velocity of stress waves in the
through-the-thickness direction led to results that almost did not disclose any discernible dynamic
influence in the thickness direction [44]. An experimental study with low-velocity impact tests on
carbon fiber-reinforced composite plates was conducted aimed to determine the effect of temperature
on impact strength. Results concluded that the impact strength changes as temperature drops, and impact
energy behavior changes due to the alteration in orientation and the number of laminates [45]. In a study
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involving Twaron cloth, used in soft body armor, oblique low-velocity impacts were conducted using
ANSYS-AUTODYN, and drop-weight impact tests were carried out with hemispherical, flat, and
ogival heads to validate the model. The study indicated that energy absorption of Twaron fabric falls
with an increase in obliquity, but under similar conditions, energy absorption grows with an increase in
impact energy [46]. A study by Mahesh focused on determining energy absorption and damage
mitigation in two different sandwich composites with rubber cores—carbon epoxy and Kevlar/epoxy.
The sandwich made of carbon outperformed the Kevlar sandwich, with its absorption capability greater
at 37.7%. The presence of rubber aided in minimizing damage to the bottom face sheet. The study
established that Kevlar-based sandwich materials are lighter and less dense than those made of carbon
[47].

High Velocity Impact Test

In a study on impact resistance, a thick glass/epoxy half-ring experienced local fiber shear fracture
upon being impacted by a wedge-shaped titanium projectile at a velocity of 259 m/s. Delamination
occurred extensively throughout the composite, prompting suggestions for potential improvement
through the placement of a ceramic layer on the impact surface and reinforcement in the transverse
direction to control delamination. Subsequent experiments involving small flat panels and cylindrical
titanium projectiles indicated similar damage characteristics to the initial half-ring impact tests. Explicit
finite-element tests demonstrated that small panel tests could be a cost-effective method for assessing
local impact resistance [48]. The ballistic performance of protection panels made of woven Twaron and
unidirectional non-woven Para-Aramid fabrics at different ply numbers was investigated. Results
showed that unidirectional (K-Flex) fabric panels absorbed 12.5-16.5% more energy than woven
(Twaron CT 710 type) fabric panels for the unit panel weight [49]. In a separate study, a Kevlar/epoxy
composite plate was subjected to impact by a cylindrical flat-ended steel projectile. Ballistic limit
velocity was determined to be 178 m/s, and damage mechanisms varied before and after reaching the
ballistic limit. Factors such as incident impact velocity, projectile mass, and diameter were found to
influence impact behavior [50]. For a composite laminate using Kevlar and ramie fibers reinforced by
polyester resin, ballistic limit speeds at different target thicknesses were determined. Results showed
an increase in ballistic limit with increasing relative humidity but a decrease with rising temperature.
The damage size of the Kevlar composite at the rear face was smaller than that of the raw ramie
composite [51]. In experiments with Kevlar-29 woven fabrics and epoxy resin, different laminate
thicknesses and orientations were tested for impact behavior. Damage characteristics varied with crack
formation, delamination, and matrix cracking. The layup orientation influenced energy-absorbing
capacity, with thicker laminates generally exhibiting higher energy absorption [52]. High-velocity
impact response of sandwich structures made of Kevlar-29/epoxy and aluminum plates showed
excellent energy-absorbing characteristics, making them suitable for armour systems. The stacking
sequence of the aluminum plates influenced impact resistance, with the Al-back stacking sequence
offering high resistance to impact loading [53]. AA5083-H116 aluminum alloy plates coated with
polyurea were tested for high-velocity projectile penetration. Results indicated reduced residual
velocities with polyurea-coated plates, and thicker coatings positively contributed to reducing residual
velocity and increasing energy absorption. Polyurea demonstrated higher energy absorption capacity
per unit area density than aluminum [54].

Ballistic impact tests on laminated armor samples comprising Kevlar 29 fabric, steel, and fiber-
cement layers demonstrated the capability to stop bullets with minimal deformation. Experimental and
simulation results exhibited good agreement, validating the use of simulations in designing ballistic
armors [55]. A ballistic impact test using a structural steel projectile on 2D woven Kevlar basalt
composite revealed better impact resistance in Kevlar than basalt. The suggestion was made to weave
basalt into warp and Kevlar into the weft for improved safety in armor wears [56]. Research on three-
dimensional orthogonal woven composites made of carbon fibers and bismaleimide resin showed
superior resistance to crack initiation and propagation under impact velocities ranging from 180 m/s to
280 m/s [57]. In a study on composite material samples, including Kevlar-Ballistic steel, Carbon fiber
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Ballistic steel, and Kevlar/glass steel, increased plate thickness contributed to enhanced strength. Kevlar
carbon fiber composites were particularly effective in resisting impact loads [58]. A study on a bi-metal
fiber-metal laminate (FML) comprised of titanium and Kevlar-129 demonstrated energy dissipation
mechanisms and ballistic velocity reduction during impact. Different thicknesses of titanium skins
minimally influenced energy dissipation in Kevlar [59]. Experimental and numerical investigations on
laminate failures using a 7g, 12 mm diameter impactor on woven carbon composite laminates revealed
damage size and residual strength accurately. The orthotropic layup exhibited velocities ranging from
52.6 m/s to 211.5 m/s, while the quasi-isotropic layup ranged from 54.2 m/s to 209 m/s [60]. An
examination of different aluminum alloy grades concluded that Al-2024 had the highest tensile strength.
Hybrid composites with aluminum/Kevlar fiber exhibited better anti-ballistic properties [61]. Interface
failure in metal/GFRP laminates using a hemispherical projectile was explored, suggesting that
laminates without metal layers exhibited optimal performance for lower impact energy [62]. A study
comparing two types of Fiber Metal Laminates (FMLs) revealed that a sandwiched Ti/HB50 system
exhibited superior ballistic performance compared to a Ti/CFRP combination [63]. Experiments with
hybridization using Kevlar/Glass/Carbon fiber showed no significant improvement, with
Kevlar/Glass/Kevlar performing effectively. Layup orientations influenced damage size, delamination,
and energy-absorbing capacity. An increase in thickness generally increased energy-absorbing capacity
[64].

CONCLUSIONS

The comprehensive review presented in this paper offers a thorough examination of the fabrication
and testing of metal-fiber composites, with a focus on mechanical and impact strength. The review
encompasses a range of critical factors, including pre-treatment of metal surfaces, resin types,
mechanical testing, and impact testing.

e One key observation highlighted in the review is the significance of enhancing the roughness of
metal surfaces through mechanical or chemical processes, which contributes to increased bond
strength in metal-fiber composites.

e The choice of resins, whether thermoset or thermoplastic, is also explored, with the selection
being tailored to the specific metal-fiber combination.

e Simulation studies emerge as a valuable tool in the analysis of mechanical and impact strengths
in metal-fiber composites. The review emphasizes the successful alignment of simulation results
with experimental studies, underscoring the potential for utilizing simulation approaches to
analyze composite strength. This not only enhances efficiency but also offers cost savings in the
testing and analysis phases. Finite element analysis, particularly employing ANSYS and
AUTODYN, is extensively used in the study of mechanical and impact strengths of metal-fiber
composites. This analytical approach proves to be a robust method for assessing the performance
of these composites, providing valuable insights into their stiffness, tensile properties, fatigue
strength, and impact resistance.

e Studies showed that unidirectional carbon fiber composites exhibited superior mechanical
properties compared to glass fiber composites, while Aramid fiber composites demonstrated
advantages over both glass and carbon fibers

e Studies suggested that Kevlar fiber-reinforced aluminum sandwich composites could offer
superior mechanical properties compared to conventional aluminum, especially in aerospace
applications. Additionally, investigations into the impact of additives and fiber orientation
provided valuable insights into potential enhancements and optimization strategies for composite
materials.

e Studies have revealed that unidirectional carbon/epoxy composites tend to exhibit limited energy
absorption and rapid failure upon impact, whereas hybrid carbon + glass composites show
superior impact strength compared to carbon-only composites.

e Factors such as stacking sequence, impact energy level, and compressive pre-loading of carbon
fiber significantly influence the dynamic response and intra-laminar damage in composite
laminates.
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e The impact strength of carbon fiber-reinforced composite plates varies with temperature changes,
emphasizing the importance of considering environmental factors in composite design.

The overall importance of studying metal-fiber composites is underscored by their potential to offer
enhanced mechanical properties and reduced weight. These composites show promise as suitable
alternatives to traditional metal alloys, particularly in the context of future aircraft structures and defense
applications. The amalgamation of superior stiffness, tensile strength, fatigue resistance, and impact
strength positions metal-fiber composites as pivotal materials for advancing structural engineering in
aerospace and defense sectors. The findings of this review contribute not only to the current
understanding of these composites but also pave the way for continued exploration and application in
cutting-edge technologies.
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