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Abstract

The acceleration of environmental pollution and global warming has resulted in increased environmental awareness and regu-
lations to reduce carbon emissions. As the automotive industry is evolving from internal combustion engine (ICE) vehicles
to electric vehicles (EVs) and urban air mobility (UAM), composites have gained attraction for increased driving range and
green mobility. However, composites, acclaimed to be an alternative to metals for its reduced weight and high mechanical
properties, have not achieved successful mass adoption due to the tradeoff in performance and cost. While legislation is
continuously being updated to tackle environmental concerns, automotive original equipment manufacturers (OEMs) have
been hesitant to apply composite technology to mainstream vehicles, largely due to economic reasons. Therefore, latest
developments have been focused on application of biodegradable composites and integration of robotic automation into
composite manufacturing processes for eco-friendly, sustainable, cost-effective production. This paper reviews the latest
applications of composite materials into modern vehicles and evaluates state of the art of composite manufacturing and
recycling processes for green mobility.
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1 Introduction

In recent years, the changes in markets, regulatory require-
ments, and technologies have led to growing demand of
composites in the automotive industry [1]. With the rise
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in the pace of electrification and advances in technology,
the trend in the automotive industry is shifting from ICE
vehicles to EVs, hydrogen fuel cell cars, and hybrid vehicles
[2]. There has also been an exponential growth in publica-
tions related to UAM, a disruptive new technology in the
transportation sector for large-scale aerial operations in the
cities to counter traffic congestion [3]. For EVs and UAMs to
integrate with the existing urban infrastructure, lightweight
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components are required for maximizing driving range [4].
The main driving factor for the utilization of composites
in upcoming vehicles is due to the pressure placed on car
manufacturers to satisfy legal regulations to alleviate green-
house gas (GHG) emissions [5]. Transportation is the second
largest GHG emission source in the world, taking up 29% of
the total GHG emissions in the EU, as shown in Fig. 1 [6, 7].
In 2015, the Paris agreement set a temperature control target
of 1.5 °C, with 196 parties submitting intended nationally
determined contributions indicating that they will achieve
the economy wide goal of reducing GHG emissions [8].
In 2020, EU proposed to reduce greenhouse gas emissions
to 45% from 1990 levels by 2030, and California declared
all new commercial vehicles sold in-state to be emissions
free by 2035 [9, 10]. The legal regulations responsible for
the paradigm shift in powertrain technology increases the
demand for composites to produce lightweight components,
eco-friendly solutions, and sturdy battery enclosure systems.

Polymer composites are known to be lightweight with
good thermomechanical properties, making them favorable
for efficient energy transportation [11-15]. Composites are
created through the combination of matrix and reinforce-
ment, where the matrix surrounds and binds reinforcement
while forming the shape of the composite material [16, 17].
In 2021, the total composites market was valued at 88.8
billion U.S. dollars, and the market is likely to expand to
144.5 billion U.S. dollars by 2028 with a compound annual
growth rate (CAGR) of 6.6% [18]. In comparison, to cur-
rently available alloys, composite materials have higher stiff-
ness-to-weight ratio [19]. With the composition of metals for
automobiles being 63% by weight, a 10% weight reduction
can potentially increase the fuel efficiency of ICE vehicles
and EVs by 6-8% and 10% [13]. A weight reduction of 25%
can result in 250 million barrels of crude oil being saved
[20]. Additionally, as polymer composites with a thermoset-
ting matrix have higher specific energy absorption potential

Fig. 1 Economic sectors
responsible for GHG emissions
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compared to various aluminum alloys, they have been
applied in Formula 1 racing cars to mitigate the severity of
accidents [21]. However, the wastes from thermosets are not
reusable from the irreversibility of the hardening reaction
[22]. Therefore, the majority of the thermoset composite
materials that are currently being used end up in landfills,
causing serious environmental concerns and loss of potential
for capital recovery. [23] Moreover, the recycled materials
from the current thermoset resin technology are of low qual-
ity, which is devalued compared to virgin materials [24].
Without a proper recycling infrastructure, the recycling cost
for composites is exorbitant [23]25. Such challenges must
be properly addressed for composites to be integrated with
mainstream vehicles.

Nevertheless, substantial developments have been made
to make composite technology more sustainable and eco-
nomical2627. For example, applications of natural fiber
composites (NFCs) have gained momentum from legisla-
tion’s initiative for automotive manufacturers to reuse and
recycle materials [28]. Natural fibers provide great stiffness-
to-weight ratio, reduced cost, and biodegradability [29, 30].
The density of natural fibers is lower compared to that of
glass fibers, allowing for the production of lighter and eco-
friendly components [31, 32]. It has been demonstrated by
various researchers that NFCs typically can be recycled 4 to
6 times before their thermomechanical properties alter [33].
In addition, traditional composite manufacturing processes
have been modified for faster production times through
robotic automation. Automotive manufacturers have already
begun the transition to automated composite manufacturing
for improved process and cost efficiency [34].

Overall, this paper highlights the importance of com-
posites for the future of the automotive industry. The latest
applications of composite materials to modern vehicles are
reviewed, along with state-of-the-art research on compos-
ite technology for future mobility, such as EVs and UAMs.
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Developments in composite manufacturing and recycling
processes are also discussed in detail. Lastly, composite
materials and manufacturing processes are evaluated for the
successful integration of composite technology into upcom-
ing mobility. An environmentally friendly, cost-effective
approach for manufacturing composite parts for EVs and
UAMs is suggested for maximized weight reduction and
recyclability. For example, primary structures including the
fan/rotor blades, landing gears, and frames can be manufac-
tured with carbon fibers, and secondary components includ-
ing doors, fairing, and floor panels can be manufactured with
cheaper composites since the stress level of components is
significantly lower in comparison to the primary structures
[35]. Such design evaluations could provide the future direc-
tion of research and development for cost efficiency, recy-
clability, and green mobility.

2 Current Applications of Composites
for Urban Transport

As the composites industry matured over the years, various
types of materials were tested for constructing composites.
Carbon fiber-reinforced composites (CFRP) and glass fiber-
reinforced composites (GFRP) are representative composites
with high mechanical properties used for various industrial

applications, where 95% of the total volume of manufac-
tured composites uses glass fibers as reinforcement [36].
Researchers have also used natural fibers to construct bio-
degradable composites [37]38. To illustrate the mechanical
properties of the various materials presented in this manu-
script, an Ashby chart is presented in Fig. 2. This section
provides the latest developments in composites technology
for modern ICE vehicles, as well as the additional composite
components built for EVs.

2.1 Internal Combustion Engine Vehicles

In this section, the current applications of composite mate-
rials for ICE vehicles are discussed. The section is divided
into main automotive parts. Figure 3 depicts some of the
composite materials used for producing components in
numerous modern automobiles [39-43].

2.1.1 Structural Applications

The main advantage of using polymer composites in the
automotive industry is weight reduction. GFRP with a ther-
moplastic matrix has been used for structural automotive
components such as a bumper structure for BMW, and a
transverse support beam for Porsche [21]. Glass mat rein-
forced thermoplastics (GMT) and long fiber-reinforced
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Under the hood components

. GFRP / Actros (Daimler Chrysler, 2004)

*  GFRP/ C-class diesel sedans (Mercedes Benz, 2008)
. GFRP / Excursion (Ford, 2009)

¢ Interior applications
*  NFC (Baypreg F semi-rigid (PUR) elastomer) / S-Class (Mercedes Benz,1999)
. NFC (Kenaf, wheat, castor) / Mondeo, Focus (Ford, 2021)

i

Wheels
. CFRP / Bentayga SUV (Bentley, 2021)

+  CFRP/Mustang Shelby GT350 (Ford, 2015)
« CFRP/M4 GTS (BMW, 2016)

Drivetrain and suspension systems
+  GFRP/ F-150 truck (Ford, 2021)
+ GFRP/ Ram 1500 (Ram, 2019)

Fig.3 Application examples of composite components in automobiles
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Fig.4 Composition of materials utilized for BMW i3 body parts

thermoplastics (LFT) have also been used for producing
dashboard carriers, front ends, bumper carrier, and under-
floor systems [44]. Glass filled sheet molding compounds
(SMC) with a thermoset matrix provides the benefits of
weight reduced, design flexibility, reduced tooling cost,
outstanding corrosion resistance, and improved noise, vibra-
tion, and hardness (NVH) properties. Meridian Automotive
Systems has used SMC for molding a removable roof com-
ponent and various other automotive exterior components
in Chevrolet Corvette, Cadillac XLR, GM Hummer-2,
Dodge Viper, Ford Escape, Ford Edge, and Pontiac Sol-
stice. In 2006, nearly 182,000 tons of SMC were used for
automotive and heavy truck applications [45]. CFRP has
also been widely used as robust structural parts in various
automobiles. BMW i3, which was one of the lightest and
most fuel-efficient cars sold, used an extensive amount of
carbon fiber for the body structure, as shown in Fig. 4 [46].

@ Springer KE;E

Structural applications

« CFRP/i3 (BMW)

. CFRP&GFRP / Corvette (Chevrolet, 2020)
+ CFRP/7 Series (BMW, 2016)

Automotive B-pillars have also been manufactured with
CFRP for improved crashworthiness [47].

2.1.2 Drivetrain and Suspension Systems

Various companies have also integrated composites into
suspension components and drive shafts. In 2017, Ford
Motor Co. (Dunton, UK) produced a composite knuckle
with a combination of carbon fiber/vinyl ester SMC with
carbon fiber/epoxy prepreg through compression molding
under a 5-min cure. The composite knuckle weighed 50%
less than the all-steel knuckle [48]. In the same year, Saint
Jean Industries developed a hybrid carbon fiber/aluminum
suspension knuckle with 26% increased stiffness compared
to an all-aluminum knuckle [49]. In 2021, Rassini, a pro-
ducer of suspension components in the automotive industry,
developed a rear suspension system for MY 2021 Ford F-150
pickup truck with a 16 kg weight reduction, reduced carbon
footprint, and increased payload [S0]. The suspension sys-
tem comprises a composite helper spring molded by high
pressure — Resin Transfer Molding (HP-RTM); EPIKOTE
resin TRAC 06150 with EPIKURE curing agent TRAC
06150 epoxy resin system was chosen for mass production
[10]. In 2020, Dynexa (Laudenbach, Germany) developed
a one-piece CFRP automotive driveshaft to replace the seg-
mented steel counterparts consisting of the steel driveshaft,
flanges, and intermediate bearings [51]. The unified com-
ponent, which enhances performance, and reduces overall
weight by 20-30%, can provide great value for upcoming
vehicles for an increased driving range.
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2.1.3 Under the Hood Components

Under the hood components are exposed to corrosive chemi-
cals such as fuel, oil, and coolant, under elevated tempera-
tures from the internal combustion engine [52]. Especially,
the engine oil pan is one of the most difficult the under the
hood components to manufacture, as it must handle hot aro-
matic hydrocarbons, withstand stones and gravel kicked up
by tires, and is exposed to road salt in winter times [53]. Due
to the complex internal geometries, metal oil pans are heavy
multipiece assemblies [54]. The first composite oil pan mod-
ule, made of 35% short glass fiber-reinforced polyamide
(PA6), was integrated into Daimler Chrysler’s 2004 Actros
BR 500 Class 8 heavy trucks, 2008 C-class diesel sedans,
2009 Ford Excursion sport utility vehicles (SUVs), etc. The
composite oil pan was much more corrosion-resistant and
50% lighter than the original aluminum part. Also, the injec-
tion molding process reduced the number of manufactur-
ing steps required [55]. Over the years, the base resin has
continuously been optimized for higher resistance to toxic
chemicals, heat, and stone impact [56].

Other under the hood parts have also been manufactured
with composite materials. Lightweight air ducts molded
from two grades of short glass fiber-reinforced Fortron lin-
ear polyphenylene sulfide (PPS) resin have been applied to
Volkswagen AG’s 2-L diesel engines [55]. Bio-composite
radiator end tanks have been developed by Toyota, for
reduced carbon footprint [57]. Other metal-based under the
hood components such as engine-mounted oil filter mod-
ules and engine covers have been developed with composite
materials for increased heat tolerance and for longer service
life [55].

2.1.4 Interior Applications

Luxury automotive manufacturers have taken the initia-
tive to utilize NFCs for automotive interior applications
to reduce carbon footprint, vehicle weight, and cost [58].
The first commercial application of NFC in an automotive
was for the inner door panel of the 1999 S-Class Mercedes-
Benz, where the NFC comprised 35% Baypreg F semi-rigid
(PUR) elastomer and 65% mix of flax [59]. Other automo-
tive manufacturers such as Audi, BMW, Mercedes, Toyota,
and Volkswagen have also implemented NFCS and bio-
hybrid composites for interior parts in vehicles as renewable
resource content [31]. Faurecia, a tier 1 automotive supplier,
developed wood fiber composites consisting of 85% wood
fiber and 15% phenol-formaldehyde (PF) binder resin for
interior-trim components with boosted sound-deadening
performance [60].

2.1.5 Wheels

Wheels, an essential component of automotive, have recently
been innovated through CFRPs. Carbon Revolution (Waurn
Ponds, Australia) was the first to fully commercialize carbon
fiber wheels in 2008 [61]. Carbon fiber wheels were then
introduced for Ford Mustang Shelby GT350R in 2015 for
$15,000 per set [62]. The largest all-carbon fiber wheel made
was in 2021, by Bucci Composites SpA (Faenza, Italy) for
implementation into Bentley’s Bentayga SUV. The 22-inch
all-carbon fiber wheel was manufactured with the HP-RTM
process, and its advantages include weight savings of 6 kg/
wheel and less rotational inertia [10]. In 2021, Vision Wheel
(Decatur, Ala., U.S.) also presented a carbon fiber wheel
manufactured with compression molding [63]. While carbon
fiber wheels provide greater acceleration and better vehicle
handling, the cost limits their integration into high-volume
vehicles.

2.2 Electric Vehicles

EVs can benefit from the same applications of composite
materials in ICE vehicles, mentioned in the previous sec-
tion. This section examines several additional components
pertaining only to EVs, which could utilize composite tech-
nology for greener mobility.

2.2.1 Battery Enclosure Systems

Battery packs, comprised of battery modules, add a tre-
mendous amount of weight to EVs [64]. In order to com-
pensate for the weight of the vehicle because of the battery
pack, battery enclosures should be lightweight. Composites
are a great candidate for battery enclosure systems, which
require high mechanical and impact performance. Moreo-
ver, battery enclosure systems need to be resistant to flame,
smoke, and toxic chemicals [10]. With the right selection
of the reinforcement and matrix, composites can play a
considerable role in EVs. In 2020, IDI Composites Inter-
national (Noblesville, Ind., US) launched FLAMEX prod-
ucts consisting of fiber reinforcements and resins dedicated
precisely to battery enclosure systems. FLAMEX products
are composites made from a combination of chopped glass
fibers with unsaturated polyester (UPR) and a combina-
tion of UPR with vinyl ester; they have been qualified for
use in battery packs since passing the Chinese Standard
GB/T 31467.3 test [10]. In the same year, Teijin Auto-
motive Technologies, a supplier of compression-molded
composite EV battery covers, unveiled a full-scale dem-
onstrator of its multi-material EV battery enclosure that
uses composites in both the upper cover and the lower tray.
The company has developed various composite materials
with a fusion of fire-resistant Alumina Trihydrate (ATH)
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with SMC, a fusion of a glass fiber reinforcement with phe-
nolic, 834E vinyl ester, and snap-cure resins through RTM
[65]. TRB Lightweight Structures (Huntingdon, U.K.) has
also announced the development of a novel composite bat-
tery enclosure manufacturing operation for electric buses,
which can produce a single enclosure every 11 min through
an automated fabrication line. The enclosure is manufac-
tured from automated cutting and compression molding of
pre-impregnated carbon fiber [10]. In 2021, a consortium
led by Evonik Industries developed an economical, light-
weight high-voltage battery housing concept with glass
fiber-reinforced epoxy SMC. The novel solution, which
houses three different battery sizes, provides a resource-
efficient alternative to metals and expensive CFRP [66].
In the same period, German chemical company Lanxess
and Korean auto parts specialist INFAC jointly developed
a battery enclosure with halogen-free, flame-resistant glass
fiber-reinforced PA6 to qualify for the stringent mechani-
cal and chemical property requirements. The battery cell
casing has already been adopted for series production of a
Korean automaker’s EVs [10].

2.2.2 Energy Storage

Structural composite energy storage devices (SCESDs)
are simultaneously able to provide high mechanical per-
formance and energy storage capacity [67]. Xu et al. fabri-
cated a SCESD through lithium triflate with polyvinylidene
fluoride (PVDF) binder, epoxy resin electrolyte, and elec-
trodes made of aligned discontinuous carbon fiber dry
prepregs [68]. Pandey et al. developed a supercapacitor-
based energy-storing CFRP as a part of an EV’s floor panel.
The high-strength composite was manufactured through
alternate layer patterning of epoxy and polyacrylamide gel
electrolyte with graphene sheets attached on carbon fiber
electrodes deposited with different metal oxides [69]. The
capability of energized composites to store and distribute
electrical energy can significantly reduce the weight of the
battery and vehicle itself, increase driving range, and pro-
vide more flexibility in design. However, such technology
brings considerable safety risks to the passengers, which is
why unmanned aerial vehicles (UAVs) seem more suitable
for SCESDs.

3 Development of Composite
Manufacturing Processes

Countless methods have been developed throughout the
years for manufacturing composites. The main methods
used for modern automotive applications are discussed in
this section along with their latest developments.

3.1 Automated Lay-Up

Hand lay-up with prepreg fiber reinforcements is one of the
earliest and most common composite manufacturing pro-
cesses used [17]. Prepregs, which are sticky and flexible, are
sheets or unidirectional fibers pre-impregnated with a par-
tially cured resin matrix [70]. The process heavily depends
upon manual labor, and autoclave curing is accompanied by
high-quality structural components in aerospace applications
[71, 72]. Autoclave curing is an expensive process that helps
to cure the resin at a predetermined temperature and pressure
in a vacuum state [73, 74]. The hand lay-up process, how-
ever, has not been favorable for the mainstream automotive
industry, which requires high speed, volume, repeatability,
and consistency in production [75]. Therefore, there was a
demand for automated lay-up technology, resulting in the
creation of automated tape layering (ATL) and automated
fiber placement (AFP) systems [76]. Such systems ena-
bled the automation of prepreg fabric placement, but they
lacked efficiency and cost-effectiveness [75]. Moreover, the
processes were limited to simple geometry with no deep
contours, as shown by the example of the ATL process in
Fig. 5. To counteract this issue, Elkington et al. developed a
two-staged method for automated layup, capable of forming
complex shapes. Plies are formed in the approximate shape
of the mold with a press mechanism in the first step and the
multiple end effectors controlled by a single six-axis robot
were used for the lay-up in the second step [77]. Optimiza-
tion has also been performed for high-speed automated layup
for CFRP with a thermoset matrix [78]. At the Center for
Automated Manufacture of Advanced Composites (AMAC),
a multi-axis AFP robot is featured with a head for laying

Feed roller

Cutter

’ Pressure roller

-

Work piece

Laid prepreg

Lay-up direction

Fig.5 Illustration of the automated tape layering process
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parallel thermoset prepreg composite tows and a special-
ist thermoplastic composite head for single-step fabrication
of high-performance composites, as shown in Fig. 6. It is
expected that robotic automation will become more com-
mon in composite manufacturing of components in upcom-
ing vehicles.

3.2 Spray-Up

In the Spray-Up process, chopped fibers of reinforcement
material and resins are sprayed at the same time, while a
roller fuses the composite [79]. The process is faster than
hand lay-up, but the direction of fibers is random [80]. While
the process is offered by various suppliers worldwide, it is
not as widely used compared to other composite manufactur-
ing processes, as low-viscosity resins are required and the
short fibers limit the mechanical properties. Still, the method

Fig.6 Images of the AFP robot
in AMAC used for producing
high-performance composites

Lay-up

Dry Fabric

Part Removal

Fig. 7 Main process steps of resin transfer molding

is applicable to lightly loaded structural panels and cara-
van bodies. Automation is necessary for increased volume
production as rolling in the final step is usually conducted
by workers. Recently, Zin et al. developed an automated
spray process for pineapple leaf fiber hybrid biocomposites
through the integration of a chop spray gun into an industrial
robotic arm [81].

3.3 Resin Transfer Molding (RTM)

The RTM process, illustrated in Fig. 7, involves using a
closed mold to fabricate a composite part. The dry rein-
forcement material is placed in a closed mold cavity accord-
ing to the mold shape [55]. Resin is then injected under
pressure for impregnation for complete wetting [82]. RTM
and its variants are recognized as the most sound techniques
for the production of CFRP cost-effectively [83, 84]. Other
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advantages include the capability of producing complex-
shaped parts with close dimensional tolerance and improved
surface finish. However, the part quality of RTM suffers
from the inherent variation in process parameters that gen-
erate variations in mechanical properties and voids [82]. The
variants of the RTM process include low pressure RTM (LP-
RTM), HP-RTM, and compression RTM (C-RTM) [83]. The
RTM processes have been categorized in Table 1. LP-RTM
uses lower resin injection pressure and a vacuum is used to
clamp the molds, with reduced tooling costs compared to
RTM [85]. For HP-RTM, the reinforcement is placed on
a one-sided mold and sealed with a vacuum bag at high
pressure levels [86]. Though HP-RTM requires high tooling
costs, the cycle time can be reduced substantially [83]. This
process is currently widely being used in the energy, aero-
space, marine, defense, and infrastructure building industries
[87]. A lot of the automotive applications utilizing RTM
and HP-RTM have been mentioned in the previous section.

C-RTM currently has the lowest cycle time, due to the
gap existing between the dry preform and the mold upper
part that decreases flow resistance. A study reported that
C-RTM required the lowest cost for producing an automo-
bile roof, while the cost required for HP-RTM was 9.2 times
higher and RTM was 14.8 times higher [84]. In 2020, Nis-
san Motor Co. (Yokohama, Japan) demonstrated that using
C-RTM for manufacturing CFRP resulted in a 50% reduced
development time [88]. Within the variants of RTM, C-RTM
provides the highest productivity and lowest tooling cost,
making it a great candidate for eco-friendly manufacturing
of composites through further developments.

3.4 Reaction Injection Molding (RIM)

Reaction injection molding (RIM) was first introduced at the
1967 International Plastic Fair as a method for producing
an all-plastic car, and the process was used for manufactur-
ing front and rear bumper fascia covers for several General
Motors automobiles in 1975 [89]. RIM is a liquid injection
molding process where two or more liquid intermediates
react to form a cured polymer to be injected into the mold
cavity [90]. RIM includes variants such as structural RIM
(S-RIM) and reinforced RIM (R-RIM), classified by the type
of fiber. For S-RIM, the resin is injected into a mold cavity

Table 1 Comparison of the variants of RTM

Manufacturing Vacuum Pressure Cycle time Cost
Process

RTM no <15 bars 30-60 min x14.8
LP-RTM yes 10-20 bars 30-60 min -
HP-RTM yes 50-150 bars 10 min x9.2
C-RTM no - <10 min x1

that already occupies a continuous fiber preform lay-up.
For R-RIM, chopped fibers are injected into the mold cavity
with rapid-cure resin. [13] Programmable robots have been
utilized for controlling fiber orientation and automation of
the process. Structural parts that do not require high-quality
finish have been manufactured with a combination of S-RIM
with rapid preforming methods by various automotive indus-
try suppliers [91].

3.5 Resin Film Infusion

Resin film infusion (RFI) uses thin thermoset resin film instead
of liquid resin for manufacture [92]. The process uses one male
or one female mold of the desired shape [93]. The assembly
is then vacuum bagged, and the air is removed with a vacuum
pump for oven or autoclave curing [94]. Currently, the method
has only been successful with epoxy resin [92]. The process
was developed as an effective replacement for the need of
prepreg materials [95]. Though RFI has not found widespread
use in the automotive industry, the process is increasingly get-
ting accepted in the aerospace industry for its low cost and
capability of producing large structures with thermoset com-
posites [96]. Such technology also seems applicable for marine
transportation, and for fabrication of large boat hulls.

3.6 Other Notable Resin Infusion Processes

Patented by the Boeing Company in 2008, Double Bag
Vacuum Infusion Process (DBVI) has an inner bag for trap-
ping air and an outer bag for compacting laminate [97].
The Boeing Company, NASA, and other firms have used
the technology to make parts with aerospace quality [91].
Membrane-assisted resin infusion (MARI) process with
100% impregnation was also used to develop CFRP wing
for Russian OEM Irkut’s MS-21 single-aisle jetliner; the pat-
ented process involves laying down of dry fibers and much
work remains in optimization [98].

3.7 Compression Molding and Injection Molding
of SMC and BMC

Compression molding enables mass production of compos-
ites through hot pressing with large hydraulic or mechanical
molding presses [99]. With SMC, a composite sheet material
with chopped fibers between thick resin paste, 200,000 parts
can be generated from forged steel dies. Automakers have
used carbon fiber-reinforced SMC for exterior body panels
and they have also formulated resins for SMC to manufac-
ture parts with UV, moisture, and impact resistance [19].
Bulk molding compound (BMC) is a bulk prepreg, consist-
ing of chopped fiber and resin [100]. Unlike SMC, which is
a sheet form, BMC is made in form of a thick rope [101].
Automated BMC injection molding has infiltrated various
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markets with thermoplastic and metal casting manufactur-
ers. Electronic throttle control (ETC) valves in the engines
of BMW Mini and Peugeot 207 have been manufactured
through BMC injection molding [19]. BMCs have also been
utilized for non-heavy load bearing parts, for reduced fuel
consumption in aircraft and automobiles [102]. In Europe,
SMC and BMC have the largest contribution to the total pro-
duction volume of GFRP [36].

While injection molding enables the production of parts
with complex geometry, it cannot be utilized for producing
large-scale components. Alternatively, thermoforming is
adequate for large parts but is limited in geometrical com-
plexity [103]. Therefore, a hybrid injection molding/thermo-
forming process, illustrated in Fig. 8, has been developed
to overcome the limitation of both processes. The process
developed during the SpriForm project can form PA12 tapes
and mats, and overmold plastic features in a single step in a
fully automated production cell [104]. The bumpers produced
from this process have high strength and energy absorption,
with a 20% weight reduction compared to aluminum designs.
The Carbon fiber/Amid/Metal Interior Structure using Multi-
material System Approach (CAMISMA) team manufactured
and crash tested a full-scale seat back structure made from
the hybrid process from 2011 to 2015. The results of the
crash tests were in line with the expectations and there were
no failures that presented serious issues [105].

3.8 Filament Winding

Filament winding is an automated computer-controlled pro-
cess, where fibers pass through a hot resin bath for molding
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Fig.8 Main process steps of the hybrid injection molding/thermo-
forming process

Injection Molding

around a rotating mandrel [99]. Solid rocket motor cases
and liquid fuel bottles were manufactured from filament
winding after World War II [106, 107]. Nowadays, filament
winding is a popular process used for producing parts such
as driveshafts, yacht masts, bicycle rims and forms, air-
craft fuselages, spacecraft structures, and car wheels [108].
Some of the latest innovations have shown great potential
for filament winding to be used for future mobility with high
precision, high productivity, with zero waste. For example,
Cygnet Texkimp’s 3D winding machine is able to produce
complex parts varying in cross-section and shape [109]. MF
Tech and MIKROSAM are in the development of a pro-
cess that combines filament winding with automated fiber
placement [108]. FibreTEC3D is an upgraded 3D winding
process developed by Daimler that produces load-tailored,
lightweight structures without generating waste [108].
FibreTEC3D has been used for the Mercedes E-Class and
other vehicles since the middle of 2019 [110]. In 2015,
Murata presented MFW-48-1200, a multiple fiber system
that simultaneously applies 48 fiber inputs. The multiple fila-
ment winding process is being tested by Murata for building
prototype hydrogen storage cylinders for automotive applica-
tions [111, 112]. There is a possibility for filament winding
to be utilized for producing all parts of a car in the future,
as the latest research and development involving robots and
automation allow for economical and eco-friendly produc-
tion of components with high precision.

3.9 Pultrusion

Pultrusion, patented by W. Brandt Goldsworthy in 1959, is a
continuous process that is able to produce a constant cross-
section of FRP [99, 113]. A mechanism enables continuous
strands of reinforcement infused in a resin bath to be pulled
through a steel die, which is heated rapidly for consolidation
[17]. The manufacturing process can produce composites
with complex cross-sectional shapes and high structural
properties [114]. Considered to be one of the most cost-
efficient processes for manufacturing composites in high
volumes, pultrusion has been used for producing automotive
parts such as bumper beams, roof beams, front-end support
systems, door intrusion beams, chassis rails, and transmis-
sion tunnels [115]. In 2018, L&L Products, Inc. launched
Continuous Composite Systems (CCS) pultrusions, where
products that are 75% lighter than steel and 30% lighter than
aluminum were sold at an economical price [116].

The biggest limitation of the standard pultrusion process
is that the generated profile is oriented along a linear axis.
Various unsuccessful attempts have been made to produce
curved pultrusions with this manufacturing process. The ear-
liest attempt was by W. Brandt Goldsworthy, who invented
the pulforming process for the production of curved thermo-
set composite leaf springs [117]. The composite leaf springs
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applied in modern automobiles are molded mainly by RTM
[113]. However, in 2017, Thomas Technik & Innovation
(TTI) reported considerable success with curved pultrusion
technology through the development of a radius-pultrusion
system with five degrees of freedom, depicted as a simple
schematic in Fig. 9 [116]. As an automated process, such
development shows promise for further integration into
upcoming vehicles.

3.9.1 Additive Manufacturing

Additive manufacturing (AM), also referred to as 3D print-
ing, provides the advantages of freedom in design, mass
customization, and the ability for the production of com-
plex geometries [118]. However, AM is limited in the effi-
ciency of energy, cost, and production speed [119]. Cur-
rently, AM technology, such as fused deposition modeling
(FDM), selective laser sintering (SLS), and selective laser
melting (SLM) are used for manufacturing exterior, fluid
handling components, and exhaust/emission components
[120]. Since the build size of AM systems is limited, AM
is suitable for small components with complex geometry
such as alternator brackets, complex ducting structures, and
bellows [121]. Economically, AM technique is more cost-
efficient for the production of very small series components
[122]. Though there is a fast acceptance of AM by automo-
tive OEMs, AM should not be considered a replacement
for traditional manufacturing processes suited for mass pro-
duction; rather, AM should be considered a complementary
manufacturing process for low volume, customized automo-
tive components [123]. Rapid curing carbon fiber composite
printers have also been developed for the automated repair
of small-scale parts with higher quality compared to those
repaired through conventional hand lay-up [124].

3.9.2 Joining
Despite composites’ structural and lightweight advantages,
joining and connecting complex components have always

been significantly challenging. Large components for both
aerospace and automotive applications generally require

Fig.9 Schematic of the curved
pultrusion process

Fiber roving
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the joining of different parts including the hybrid joining
of composites and alloys. Currently developed conventional
joining methods include adhesive bonding, mechanical fas-
tening, and welding [125]. Adhesive bonding is used the
most for joining two different materials. Due to the presence
of an adhesive layer between the two different materials,
adhesive bonding can prevent cracks and galvanic corro-
sion, and effectively seal the joint [126]. Moreover, signifi-
cant weight can be saved due to the simplified design of
the structure [127]. It may reduce the weight of individual
components, but the overall weight of the structure is only
marginally reduced since a large weight of the adhesive is
added. For example, in the production of BMW i3, 16 kg
of adhesive is used for joining CFRP components [128].
Furthermore, due to long processing time, limited joining
strength, environmental degradation, and strength durability
have bounded its use on large scaled components [127, 129].

Hybrid joining can also be undertaken by the mechani-
cal fastening of the two components; riveting and bolting.
Riveting is implemented for joining multiple components via
axial force to form a nail head. Among the different types
of riveting, through-hole riveting uses a punch and a die.
During the process, no waste materials and minimal thermal
impact are incurred [130]. Wang et al. developed a post-
curing self-piercing riveting (SPR) method to join CFRP
with aluminum alloy joints [131]. The quality of the joint
was analyzed through mechanical strength and microscopic
examination; results showed that post-curing SPR joints had
better strength than regular SPR joints [131]. Riveted joining
has been used for manufacturing BMW 7 series. The main
aluminum body of the chassis and a carbon composite struc-
ture was joined through riveting [132]. The main difference
between bolting and riveting is that for bolting, the bolt is
inserted into a drilled hole and fixed by tightening with a nut
[133]. It is one of the most common and simple principles
but it has limitations due to poor sealing of the joints and
increasing the stress concentration near the hold edge [126].

Three most common welding procedures undertaken for
hybrid joining composites and alloys are ultrasonic, laser,
and friction welding. Ultrasonic welding is one of the most
implemented welding methods for composite materials. It

Fiber Impregnated

/ Die and Cooling

Resin bath

Caterpillar/Post former

Curved Pultrudate
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generates heat by molecular friction at the surface through
high frequency and low amplitude vibration energy [134].
Through the ultrasonic application, a molten liquid film
is created, and the hybrid materials are joined through an
application of pressure. Laser welding is a precise and rapid
method that implements a focused laser beam to create the
weldment. Since the source of the laser beam is highly dense
and concentrated in a specific area, the unnecessary area
beyond the welding area is less affected by the heat [135].
Such advanced welding process has been readily used by
both the automotive and aerospace industries. Friction weld-
ing has also been widely used for automotive and aerospace
applications. The welding process is undertaken by creat-
ing heat between two surfaces via induced rubbing motion
[136]. Such joining methods have been favorable since it
is pollution-free, energy-saving, and highly efficient [126].
However, the set-up cost is very expensive, and it has limita-
tions to angular and flat butt joints.

4 Recycling

As tens of thousands of aircraft and automobiles consist-
ing of high amounts of composites are to retire, recycling
challenges are likely to emerge as serious environmental
concerns [137]. Thermoset composites, in particular, are
not being properly recycled, and are piling up in landfills
[138]. With Germany already banning composite landfilling
in 2019, more countries will follow to reduce environmental
pollution [139]. Through the life cycle assessment of CFRP
in automobile applications, Zhang et al. emphasized the
importance of recycling for reduced energy consumption

[140]. Future manufacturing processes will have to be
designed to minimize and eventually remove waste from the
system [141]142. This section provides the latest progress
in composite recycling methods. The percentage of the ten-
sile strength of recycled fiber compared to virgin fiber that
was obtained through the latest research has been listed in
Table 2. It should be noted that recycled NFCs with poly-
propylene (PP) matrix have little to no reduction in tensile
and flexural strength from increasing recycling steps in con-
trast to recycled carbon fiber or glass fiber composites with
PP matrix; however, even after numerous recycling steps,
recycled natural fiber/PP composites have weaker material
properties compared to PP composites with carbon fiber or
glass fiber [143].

4.1 Mechanical Recycling

The recycling process for composites can largely be divided
into the mechanical, thermal, and chemical processes, as
depicted in Fig. 10 [156]. Mechanical recycling processes
for composites involve shredding waste into smaller pieces
through slow-speed cutting or shredding mills [139]. The
smaller pieces can be divided into coarse recyclates with
higher fiber content and fine recyclates with higher resin
content. In comparison to other recycling processes,
mechanical recycling requires the least amount of energy of
5-10 MJ/kg, as pyrolysis requires 24-30 MJ/kg and solvoly-
sis requires 21-91 MJ/kg [157-159]. Though mechanical
recycling does not have the ability to separate fibers from the
matrix like other recycling methods, it is the most cost and
energy-efficient recycling process [139]. Thomas et al. tested
CFRP powder wastes with epoxy resin to produce recycled

Table 2 Comparison of repaired

) . ” Author Reinforcement Process Retained Tensile  Ref

quaht)f of composites achieved Strength (%)

by various researchers
Colucci et. al Carbon Fiber Mechanical 79 [144]
Evens et. al Carbon Fiber Mechanical ~90.7 [143]
Felix et. al Carbon Fiber Pyrolysis ~72 [145]
Mohmad et. al Carbon Fiber Pyrolysis ~90 [146]
Gopalraj et. al Carbon Fiber Pyrolysis 95~98 [147]
H. Raul et. al Carbon Fiber Solvolysis 85~99 [148]
Wu et. al Carbon Fiber Solvolysis 97 [149]
Kim et. al Carbon Fiber Solvolysis ~82 [150]
Pietroluongo et. al Glass Fiber Mechanical ~70.6 [151]
Evens et. al Glass Fiber Mechanical ~95 [143]
Akesson et. al Glass Fiber Pyrolysis (Microwave) ~32.3 [152]
Cunliffe et. al Glass Fiber Pyrolysis ~67 [153]
Ginder et. al Glass Fiber Pyrolysis ~72.5 [154]
Gopalraj et. al Glass Fiber Pyrolysis 80~82 [147]
Oliveux et. al Glass Fiber Solvolysis (Subcritical Water) 50~65 [155]
Evens et. al Natural Fiber Mechanical ~99 [143]
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Fig. 10 Schematic of the three main types of composite recycling processes

composites. While the inclusion of powder waste increased
overall mechanical properties, more than 20 wt.% of carbon
powder waste was not recommended due to reduced fluid
viscosity [160]. Researchers at Windesheim University of
Applied Sciences developed a push-pultrusion process for
flakes and strips cut from end-of-life composite parts to be
incorporated into a standard pultrusion process. The novel
composite could consist of up to 70% of recycled composite
by weight [161]. Overall, the mechanical recycling process
is more suitable and economical for recycling GFRP in com-
parison to CFRP, despite the reduction in mechanical per-
formance [139]. The process is applicable to both thermoset
and thermoplastic composites [162].

4.2 Pyrolysis

The most commonly used recycling process used in the
industry is pyrolysis [138]. The process results in char, fiber,
oil, and gas residue, and requires post-processing to obtain
pure fiber from the solid residue [146]. Li et al. reported
that the recycled fiber from microwave-assisted pyrolysis
resulted in higher tensile strength and impact performance
compared to the original carbon fiber. [163]. Lopez et al.,
reported a 28% reduction of tensile strength for recycled
carbon fibers, while Nahil et al. reported a minimum 10%
reduction for recycled carbon fibers with pyrolysis [145,
146]. Anmet (Szprotawa, Poland), a recycling company,
developed an experimental furnace capable of recovering
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carbon fibers with 90% strength compared to virgin carbon
fiber at a processing speed of 200 kg of carbon fiber per day
[161]. The carbon fiber reinforcements recovered from ther-
mal recycling do not have a significant loss in properties, in
contrast to recovered glass fiber reinforcements, which lose
at least 80% or more of their strength in temperatures typi-
cally used in thermal recycling processes [139]. However,
recycling thermoset GFRP is more economically viable in
contrast to recycling thermoset CFRP [164].

4.3 Solvolysis

Solvolysis is a chemical treatment recycling process that
uses a solvent to degrade the matrix [162]. Water is the sol-
vent that is mostly used, and the process results in high-qual-
ity recycled carbon fibers [139]. Yuyan et al. developed a
chemical recycling method for thermoset epoxy composites
by using water at a temperature and pressure below its criti-
cal point. The process that was performed with subcritical
water left only fiber behind. However, since the size of the
reactor used for experiments was 100 mL, further verifica-
tions with large-scale reactor are required for integration in
industries [165]. While solvolysis can reduce energy con-
sumption and provide excellent recovery, the process is not
economical and the majority is still in the developmental
stage [138]. The recycling process has a high potential for
reusing the matrix, and the solvolysis is recommended to be
used for thermoset CFRP and thermoplastic CFRP [139].
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5 Evaluation of Composite Materials
and Processes for Future Mobility

In this section, composite materials are assessed based on
performance and environmental friendliness. Composite
manufacturing processes are also evaluated based on differ-
ent process features for their sustainability and productivity.
The appropriate combinations of composite materials and
processes are ultimately chosen for an eco-friendly, cost-
effective approach to manufacturing UAMs.

5.1 Material Selection

Currently, the most commonly used composites in the auto-
motive industry are glass-reinforced thermoset composites
[166]. While thermoset composites are favored for their high
performance, their inability to be reshaped or to be recycled
make them incompatible with green mobility. Thermoplas-
tic composites, which can be recycled, have the potential
for fast, clean automated manufacturing and infinite shelf
life [167]. However, the high viscosity of the thermoplastic
matrix inhibits proper impregnation and makes the compos-
ite prone to defects [168]. If thermoplastic composites can
be created with higher thermomechanical properties with a
built-in recycling infrastructure, applications of thermoplas-
tic composites would substantially increase.

For green mobility, the ideal choice of reinforcement
for automotive composites would be natural fibers. Glass
fiber production requires 5—10 times more non-renewable
energy compared to natural production, as cultivation of
natural fibers mainly require solar energy, while glass and
glass fiber production are both energy-intensive processes
highly dependent on fossil fuels [169]. Additionally, natural
fibers can be incinerated theoretically with no addition to
carbon emissions as the plants used for cultivating natural
fibers sequester carbon dioxide during their growth [169].
However, NFCs, which have high flammability, low mois-
ture resistance, and weak bonding, do not comply with the
demanding requirements that an automotive is subjected
to [170]. An automotive composed mainly of NFCs would
likely have low thermomechanical performance and expo-
sure to corrosive chemicals and fluids would be devastat-
ing. With the automotive industry already having a well-
established structure, a considerable amount of risk and
capital is required for developing a whole new infrastructure
for profitability [171]. To resolve the fundamental limita-
tions of NFCs, active research is happening in the field of
hybrid composites172173174. While there have been suc-
cessful attempts to increase thermomechanical properties,
the majority of the methods used in research are not feasible
for mass-scale production [175-178]. Therefore, it is sug-
gested to use CFRP for lightweight structural parts and NFC

for interior applications at the current stage of development
in composite technology.

5.2 Process Evaluation

The main composite manufacturing processes currently
applicable to the automotive industry were evaluated based
on six important process features, as shown in Table 3. The
processes were assessed based on cited references and the
author’s expert opinion. While some of the processes such as
RTM and compression molding are already implemented for
the production of automotive parts, processes such as hand
lay-up, spray-up, and filament winding with robotic automa-
tion are still in development [188]. Once robotic automation
is implemented into these processes, the speed of produc-
tion is expected to drastically increase, making the process
much more economical. Automotive OEMs are likely to
favor manufacturing processes with low investment costs
and high productivity.

Flexibility in design and the size of the part that can be
manufactured with the process are also important factors to
be considered. Not all fast and low-cost processes are appli-
cable to every part of the vehicle. For example, it is very
difficult to manufacture complex single-piece air ducts with
RTM, due to the hollow cross-sections of each duct pointing
in various directions. Such components are more suitable to
be manufactured with AM processes such as SLS or SLM
[122]. While AM is suitable for parts with complex geom-
etry, the process is limited to the low volume production of
small components. The size of parts that can be manufac-
tured with some of the composite manufacturing processes
relative to the level of complexity in design are depicted in
Fig. 9. Table 3 and Fig. 11 can be used as general guidelines
for manufacturers to choose the appropriate manufacturing
process for targeted automotive parts.

Green factor was given to each of the manufacturing pro-
cesses listed in Table 3. The green factor was decided by
the author through the assessment of the matrix materials,
energy consumption, and service life. Composite manu-
facturing processes that utilize thermoset composites were
given a lower score in comparison to those that utilize ther-
moplastic composites, due to the difficulty of recycling and
the reduced mechanical properties of recycled materials. In
addition, high-speed production of large-scale components
is likely to consume vast amounts of energy. Manufacturing
processes with a lower green factor are likely to be restricted
by the increasingly demanding environmental regulations
in the future. Overall, the evaluation provides insights into
the direction of how the current manufacturing processes
should be advanced for current manufacturing processes to
be greener and more productive.
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Table 3 Evaluation of the process features in composite manufacturing processes

Manufacturing Process Green Factor Mechani-

Scale Flexibility Cost Efficiency Speed Matrix Material Ref

cal Proper- in Design

ties
Hand Layup ° eee eee oeoo ° . TS [179]
Spray Up oo . eee oo eoe eee TS [179]
Resin Transfer Molding oo ooe eee oo ) eee  TP/TS [179, 180]
Low Pressure RTM, Light RTM ° oo eee oee [ eee TS [179]
High Pressure RTM . eoe oo eoe L) eee TS [83]
Compression RTM ° oo oo oo ' XY} TS [83]
Vacuum Assisted RTM ) oo eee oo ' XY} TS [181, 182]
Co-injection RTM ° oo oo oo oo oo TS [183]
Resin Film Infusion oo oo eee o ooe ) TS [36]
Reinforced Reaction Injection Molding . oo see ooe oo eee TS [13]
Structural Reaction Injection Molding . oo e oo oo eee TS [13]
Double-bag Infusion ° oo oo ooe oo oo TS [184]
Compression Molding . oo e ooe oo eee TS [36]
Injection Molding oo . oo ooe oo TS [19, 36]
Hybrid Injection Molding/Thermoform-  eee eoe eoe ° eee TP [105]

ing

Filament Winding oo oo eee o 'Y oo TS [185]
Pultrusion XY} YY) . ' oo TP/TS [113]
Automated Tape Layering LX) eoe eee oo oo eee  TP/TS [186]
Automated Fiber Placement oo YY) eee oo oo oo TP/TS [186]
Additive Manufacturing oo ') ooe X . TP/TS [187]

TP Thermoplastic, TS Thermoset
eeeHigh
eeAverage

eLow

5.3 Recommended Composite Materials
and Processes for Manufacturing Parts in UAM

Several concepts of electrical vertical take-off and landing
(eVTOL) aircraft have been developed for UAM, which can
benefit from the use of composites [189]. The suggestion of
composite materials and manufacturing processes for pro-
ducing different parts in an eVTOL aircraft are displayed in
Fig. 12. The ideal options were explored through the latest
composite applications in ICE vehicles and EVs, along with
the process evaluation conducted in the previous section.
Prepreg compression molding (PCM) of CFRP was
selected as the main process for producing robust structural
components such as the frame, body panels, and door pan-
els. CFRP is the ideal choice of material as the weight of
UAM must be light, and the material must be compliant
with aerospace regulations. The use of carbon fiber in this
process results in components with high energy absorptance,
mitigating the chance of fatal aviation accidents. Co-injec-
tion RTM can also be implemented for manufacturing these
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components, as extra materials can be added for the compo-
nents to be more weather-resistant.

Smaller components such as interior components, fans,
rotor blades, and battery enclosure systems can also be man-
ufactured with compression molding. A single process for
manufacturing all these components would be simple and
convenient for automotive OEMs. Damage to the fans and
rotor blades could prove fatal for the flight of UAM, which
is why carbon fiber-reinforced SMC/BMC was suggested as
the ideal choice for high mechanical properties. Glass fiber-
reinforced thermoplastics were chosen for the battery enclo-
sure system, as they are cheaper and safeguarded by robust
exterior components. Interior trim components and seats can
be manufactured with recyclable, biodegradable NFCs for
substantial weight reduction and for increased green mobil-
ity. Hybrid Injection molding/thermoforming process can
also be used for interior applications as it overcomes the
limitations of injection by being able to produce larger scale
components, and recent developments have already enabled
fully automatic production of car seats in a single step.
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Fig. 11 Composite manufacturing processes according to the design complexity and part size

Body panels, frame, doors
Process: PCM, Co-injection RTM

Materials: CFRP
e ———

Fans/rotor blades
Process: Compression Mold
Materials: CFRP

Windshield
Process: Thermoforming
Materials: GF/Polycarbonate

Landing gear
Process: Pultrusion
Materials: CFRP
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————e Interior and seating
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Battery enclosure system
Process: Compression Molding
Materials: GFRP, CFRP

Fig. 12 Environmentally friendly cost-effective approach of applying composite technology to UAM

The windshield can also be constructed through ther-
moforming sheets of glass fiber-reinforced polycarbonates.
The polycarbonate layer helps the windshield to absorb the
energy from the striking object projectile [190]. Optically
transparent composite windshields are a safe lightweight
solution for UAM applications and replace the need for
minerals used in conventional windshields. However, more

research is required for automotive OEMs to favor composite
windshields as the material costs for producing polycarbon-
ates are high.

Unlike ICE vehicles, EVs, and airplanes, eVTOL air-
craft do not require wheels for vertical take-off and landing.
Instead, helicopter skids can be applied as landing gears.
Pultrusion process was chosen as the ideal manufacturing
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process as it is a cost-effective continuous process. Recent
developments enable the production of single-piece skids
with curved edges through curved pultrusion technology.
Carbon fiber-reinforced thermoplastics are the appropriate
composites for the landing gear, as they can reduce the dam-
age caused by ground contact, but also be recycled with
minimal reduction in mechanical properties to replace the
landing gear every few years.

Overall, this section provides speculation of how UAM
can be manufactured with current manufacturing processes.
It is estimated that more than 30% of the materials can be
recycled with this approach, with approximately 70% weight
reduction in comparison to when the aircraft is manufactured
with metals. An automotive specialist in lightweight materi-
als stated that compression molding and AFP/ATL are the
composite manufacturing processes that are highly likely
to be utilized with CFRP for the majority of the parts in
upcoming UAM. The opinions presented in this article are
conjectures based on modern composite technology, as there
are years before functional UAM will become mainstream in
society, and more advanced composite manufacturing pro-
cesses could emerge at the current pace of development. It
is up to the automotive OEMs to decide on the processes to
use based on cost-effectiveness, productivity, and environ-
mental regulations.

6 Conclusion

The desirable material properties that cannot be achieved by
any material alone provide composites tremendous poten-
tial for future mobility. Currently, automotive OEMs have
manufactured high-grade parts with composites with their
focus on light-weighting and reduced fuel consumption.
The author expects heavy use of composites for upcoming
vehicles such as EVs and UAMs not only for lightweight
structural parts but also for battery enclosure systems and
efficient energy storage. Latest research and developments
have allowed for the robotic automation of various compos-
ite manufacturing processes for economical mass-scale pro-
duction. Further process development for higher production
rate, and higher mechanical properties with increased fiber
volume fraction of flexible and complex composite parts is
expected. Meanwhile, environmental regulations are tighten-
ing, and they have continuously influenced the composites
market. For automotive suppliers and manufacturers to con-
tinue to thrive in their field, it is recommended for increased
utilization of eco-friendly composites, the establishment
of a proper recycling infrastructure, and development of a
cost-effective approach for manufacturing parts. This paper
hopes to prove beneficial for upcoming mobility by provid-
ing the latest developments and evaluation of manufacturing
processes.
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