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Composite materials due to their outstanding mechanical properties and light weight are becoming increasingly im-
portant in the automotive industry, helping to develop lighter, more durable and environmentally friendly vehicles. It is espe-
cially important in the context of electric cars such as TRIGGO. It is an innovative electric vehicle (EV) designed with a focus
on urban mobility. One of the unique features of this car is its compact design, aimed at providing a flexible solution for city
driving. In this paper a method for manufacturing composite components of the TRIGGO electric car body by pressing tech-
nology, based on the innovative A.S.SET resin is described. It was confirmed experimentally that selected components of the
TRIGGO vehicle body are feasible to be fabricated by pressing technologies using SemiNEMpreg pre-impregnated material
based on A.S.SET epoxy resin. The studied technologies cover thermoset sheet forming using a membrane press or a hydrau-
lic press, also using a vacuum-assisted oven. These technologies were adapted to the requirements of manufacturing composite
parts, with a special focus on the cost-effectiveness of the process. Owing to the use of the fast-crosslinking snap-cure epoxy
resin with the trade name NEMresin (known as A.S.SET), it was possible to shorten the crosslinking process to 15 minutes.
The studies made it possible to select the type of mold depending on the geometry of the component and the applied technolo-
gy. The studies led to the determination and matching of the type of component to the type of mold and predestined manufac-
turing technology, taking into account the most important factors affecting the start of mass production, such as the number
of pieces, the surface quality of the component, i.e. roughness coefficient and surface finishing, mold cost, process time, pro-
cess cost, required repeatability, quality of the target component structure, as well as the cost of finishing. The developed

technologies are innovative and allow the low-cost batch manufacture of composite parts for the automotive industry.
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INTRODUCTION

Composite materials are becoming increasingly im-
portant in the automotive industry, helping to develop
lighter, more durable and environmentally friendly
vehicles. The main reason for using composites is to
reduce the weight of vehicles. Composites, such as car-
bon or glass fiber reinforced polymers, are replacing
heavier materials such as steel, improving energy effi-
ciency and vehicle performance. The importance of this
technology is growing, especially in the context of elec-
tric and autonomous cars. In addition, composites are
more corrosion-resistant and effectively dissipate en-
ergy during collisions, increasing passenger safety and
vehicle life [1-4].

Introducing new electric cars for use in crowded cit-
ies requires the use of lightweight composite materials
for their design. It is forecast that the use of polymer
composites in the automotive industry could increase up
to four times by 2025 compared to 2018. This will
likely be done by replacing individual structural com-

ponents made of classical materials with composite
structures. At a later stage, the entire vehicle will be
manufactured from composites [5, 6]. This kind of use
of polymer composites is currently being employed in
the construction of many electric cars, such as BMW
vehicles.

With the development and expansion of fiber rein-
forced polymers (FRP) to produce structural compo-
nents, the price of composite materials is gradually de-
creasing, making them increasingly attractive to
automotive manufacturers. Technologies that enable the
production of vehicle structural components in rapid
process operations include: high-pressure resin transfer
molding (HP-RTM), prepreg compression molding, and
liquid compression molding (LCM) [7-11].

The type and quality of the product determines the
choice of technology, which in turn has a direct impact
on production costs. The broader design phase of com-
posite parts should also consider, besides product-
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related factors, the efficiency of the method, energy and
utility requirements, additional operations, the amount
of production scrap, the cost of machinery, equipment
and tooling, including consideration of human and envi-
ronmental nuisances. The typical production volume of
truck parts ranges from 5,000 to 20,000 units per year.
For passenger cars, the production scale is larger, rang-
ing from 80 thousand to 500 thousand parts per year
[7]. The total cost of tooling for producing composite
parts is lower than the cost of tooling for making
a metal sheet stamped product because a stamped prod-
uct generally requires several operations and different
tooling. In the automotive industry, the cost of tooling
is essential, and the determining value is the size of the
production run [12]. Figure 1 shows the suitability of
various methods of manufacturing products with fiber
reinforcement for the mass production of parts in the
automotive industry.
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Fig. 1. Usefulness of some technologies for manufacturing products with
fiber reinforcement to mass produce vehicle parts [13]

New methods, which are alternatives to classical
technology, represent technologies based on the use of
powdered epoxy resins [7, 14, 15]. They are dedicated
to the batch production of composite parts, owing to
their short crosslinking times, and position themselves
between the technologies using prepregs and thermo-
plastic processing shown in Figure 1. However, manu-
facturing composite parts utilizing hydraulic and mem-
brane presses also requires more robust molds, which
are more expensive and demanding than molds dedi-
cated to unit production.

TRIGGO is an innovative electric vehicle (EV) de-
signed with a focus on urban mobility. One of the
unique features of this car is its compact design, aimed
at providing a flexible solution for city driving. It com-
bines the advantages of both a car and a motorcycle,
offering the ability to reduce its width for better maneu-
verability in traffic. The TRIGGO vehicle utilizes com-
posite materials in its construction to keep weight low
and increase efficiency, especially in urban environ-
ments where every kilogram saved translates to better
energy consumption.

The purpose of the research presented in this article
is to develop a process for manufacturing the TRIGGO
vehicle's chassis structure components using A.S.SET
single-component powder epoxy resin. Figure 2 shows
a representative group of chassis components that were
subjected to feasibility analysis.

Fig. 2. CAD model of TRIGGO vehicle body components to be made
from A.S.SET epoxy powder resin

MATERIALS AND METHODOLOGY

The powdered epoxy resin, A.S.SET, made by New
Era Materials, was used to manufacture the body ele-
ments of the electric car named TRIGGO, which in the
temperature range of 80 °C - 120 °C shows reduced
viscosity and perfectly impregnates the reinforcing fi-
bers. Above 110°C, it undergoes a crosslinking process.
The crosslinking time is about 8 min and depends on
the thickness of the manufactured product. After curing,
the product has thermoset properties and is heat resis-
tant up to 350°C. The processing properties of
A.S.SET resin enable the preparation and launch of the
batch production of components made of FRP in a short
time. In this work, A.S.SET resin was used as
SemiNEMpreg 4010 prepregs based on NEMresin 4010
(formerly A.S.SET 4010) resin with glass fiber rein-
forcement, developed at New Era Materials.

SemiNEMpreg 4010 is made of glass fabric pre-
impregnated with A.S.SET resin. It is designed for parts
requiring a low air content and good mold surface re-
production. SemiNEMpreg 4010 is recommended for
vacuum bag molding and hot molding in a vacuum-
assisted press. The properties of the SemiNEMpreg
4010 material are shown in Table 1.

Manufacturing the vehicle composite components
consisted of heating a set of sheets to a certain tempera-
ture and then pressing them into a mold. The process
parameters were as follows: i) pressure from 10 MPa to
150 MPa; ii) crosslinking temperature in the range of
120 °C - 140 °C (recommended range); iii) pressing
time in the range of 8 min - 10 min. Figure 3 schemati-
cally shows this technology. It significantly shortens the
production process in both the material preparation and
manufacturing phases. Nevertheless, it requires suitable
molds that meet the process requirements, the complex-
ity of which depends on the product geometry.

Composites Theory and Practice 24: 4 (2024) All rights reserved
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TABLE 1. Selected properties of SemiNEMpreg 4010 material
made by New Era Materials

Product SemiNEM-
Property Method Unit | Preg4010
Resin type - - Epoxy
Resin content - wt.% 45+2
Material | Reinforeement - - | amsso
data P
Reinforcement ISO 2
arcal weight | 33742000 | @™ | 330%5
Fabric weave - - Twill 2/2
Time - mos. 12
Storage
Temperature - °C -18
Outlife Time - days 5
Temperature - °C 20
Tensile strength 0° MPa 340
ISO 527-
Strengtholo\/[odulus 4:2012 GPa 15
Flexural 0Str(:ngth MPa 519
0 ISO
14125:2001
Flexuralol:/[odulus GPa 15
Mechanical i
Tensile sgrength MPa 416
90 1SO 527-
4:2012
Strength I\oflodulus GPa 17
90
Flexural Sotrength MPa 664
90 ISO
14125:2001
Flexural l\;[odulus GPa 17
90
Glass Transition ISO 6721- o
Temp. (DMA) 12011 ¢ 128+2
Thermal Glass T iti ISO 11357
ass Transition -,
Temp. (DSC) 52014 C 1202
a) Stage 1
b) Stage 2

Fig. 3. Diagram of composite component fabrication by pressing:
a) heating plate pack, b) pressing plate pack
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When using SemiNEMpreg, the air vent process
should continue at least until the maximum vacuum is
reached for two-stage vacuum pumps. For the safety
and quality of the composite, it is recommended to ex-
tend the venting time by 5 min after reaching the
maximum vacuum, which usually closes the process in
about 10 min.

RESULTS

The technology based on A.S.SET is comparable to
the steel sheet stamping technologies popular in the
automotive industry. Like sheet stamping, the design
and complexity of the molds depend on the composite
part being produced. The main difference is that steel
sheets have a much higher plastic deformation capacity
(about 40 %) than glass fiber-reinforced materials
(1-2 %).

The manufacture of composite parts by pressing
methods has limitations, which include:

— the height of the embossing, since the fiber compos-
ite material does not deform like a metal sheet,

— the inclination of the angles of the vertical walls that
allow the part to be pulled out of the mold,

— the inability to create internal tabs as a consequence
of restrictions on the movement of the fibrous mate-
rial in the molds.

Because of lower pressures, manufacturing parts on
a membrane press enables the use of low-cost molds
(PA12 printed, composite, or wooden), unlike a hydrau-
lic press, which requires expensive metal molds. Mak-
ing metal molds is economically viable only if high-
volume production is carried out.

When analyzing the feasibility of different tech-
nologies for manufacturing TRIGGO vehicle compo-
nents, the main considerations were:

— technological limitations (embossing height, inclina-
tion of the angles of the side walls, ratio of flat sur-
face to vertical areas)

— the need to use displacers, actuators and other ele-
ments supporting manufacturing in hydraulic molds

— the type of production (unit, small batch, large
volume)

— the pressure used, necessary for proper manufacture
of the component (10 MPa for a diaphragm press or
150 MPa for a hydraulic press)

— the cost of the mold.

Figure 4 shows a selection of TRIGGO vehicle body
components that were made from NEMpreg in various
molds.

Preliminary tests conducted on the manufacture
of TRIGGO vehicle parts made it possible to define
the requirements. One of the most important was the
quality of the reproduced surface. In addition, ease
of de-molding, temperature stability of the mold and
part, as well as methods of joining the parts were
important.
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Fig. 4. Composite parts made on membrane press using wooden, composite and hybrid molds

The main NEMpreg problems observed during the
manufacture of the composite parts of the TRIGGO
vehicle were the overly rigid structure of the prepregs,
which translated into their difficult moldability at room
temperature, resin spalling during molding, in addition
to the inability to properly align the material in the
mold with the expected mapping of small radii and
curves. Moreover, high air content and unsatisfactory
infiltration rates were found.

Based on the above observations, the main require-
ments considered in the development of SemiNEMpreg
4010 were:

— easy moldability of the material at room temperature,

— formability to use low pressure on a membrane press,

— cost-effectiveness of the molds and tooling,

— the ability to produce parts using a vacuum-assisted
hydraulic press,

— the possibility of venting during the process while
the resin is still in a liquid state,

— perfect mold filling, guaranteeing excellent surface
reproduction.

To achieve the best quality of the composite,
a minimum 2-stage pressure ramp was used. The first
stage involves liquefying the resin to a state that pro-
vides the minimum viscosity for the process at mini-
mum pressure, which should not exceed 10 MPa.

The time of the first step depends on the temperature
of the beginning of crosslinking, and for example, for
100 °C the recommended time is 2 to 3 minutes.

The next step requires crosslinking at higher pres-
sures, i.e. 80 MPa. The duration of the second step was
derived from the curves shown in Figure 5 and for
100 °C it was a minimum of 23 minutes.

Placing the material in the mold required heating the
mold to about 40 °C to achieve the best quality of the

composite. Heating the prepreg material to the same
temperature is also recommended to facilitate its
placement in the mold. It is necessary to provide vent
paths for each layer of the material, which can be ac-
complished by using dry fabrics of the same type as in
the structure, but of low aerial weight. The laid struc-
ture is covered with an unperforated release film and
vent fabric. In Table 2 the processing parameters are
given and in Figure 6 the process is shown.

Isothermal viscosity for 1.1% share of 2ET

Viscosity [Pa]

0 2 4 6 8 10 12 14 16 18 2
Time [min]

~#-120°C ~#-115°C —+-100°C

Fig. 5. Viscosity curves as a function of time and temperature

TABLE 2. SemiNEMpreg 4010 processing parameters

Slow curing Standard curing
Debulking time [min] 5-10
Heating ramp [°C/min] 2-3
Dwell temperature [°C] 73-77
Dwell time [min] 7
Curing temperature [°C] 100 110
Curing time [min] 35 20

Composites Theory and Practice 24: 4 (2024) All rights reserved



250

A. Boczkowska, L. Stachowicz, R. Budweil

Heat up rate 3°C/min
Dwell 73-77°C ‘

Heat up rate 2°C/min

Temperature [°C]
Vacuum Pressure [%)

0 10 20 30 40 50 60 70
Time [min]

Fig. 6. Curing profile of SemiNEMpreg 4010 in manufacturing process
of TRIGGO vehicle components.

The TRIGGO vehicle composite parts were manu-
factured using different molds and technologies as de-
scribed below.

1. Fabrication of vehicle components using a single-
-sided mold heated in an oven with vacuum bag as-
sistance
In a mold without heating channels, the SemiNEM-

preg 4010 material was placed, a vacuum bag was in-

stalled, and then, after checking the vacuum, the whole
system was put into the oven, the temperature control of
which was adjusted to a ramp that allowed the right
heating process to be achieved and the material to be
held at the right temperature (according to the process
shown in Figure 6).

Fig. 7. TRIGGO body parts made in single-sided mold heated in vacu-
um-assisted oven using bag: a) hatch, b) cowl D Left,
¢) cowl_D_Right

Composites Theory and Practice 24: 4 (2024) All rights reserved

Two types of molds were tested in such a process:
a composite mold made by cavity technologies and one
made by additive manufacturing from PA12 material.
Figure 7 shows the TRIGGO body parts made with this
technology.
2. Fabrication of vehicle components in a single-sided

mold heated by oil with vacuum bag assistance

The SemiNEMpreg 4010 material was placed in
a mold with heating channels, a vacuum bag was in-
stalled, and oil heating started after checking the vacuum.
The heating run was adjusted to a ramp to achieve the
right heating process and hold the material at the right
temperature (according to the process shown in Fig. 6).
A single-sided aluminum heated mold made with cavity
technologies was tested in such a process. Figure 8 shows
the vehicle parts made by means of this technology.

Fig. 8. TRIGGO body parts made in one-sided heated mold (oil heating)
with vacuum bag assistance: a) cowl_B_Left, b) cowl_B_Right,
c)cowl A Left, d) cowl A Right

3. Fabrication of vehicle components in a single-sided
heated mold in a membrane press with vacuum bag
assistance
The SemiNEMpreg 4010 material was placed in

a mold without heating channels, then placed on

a membrane press to achieve vacuum, and next heated

with infrared heaters. The heating run was adjusted to

a ramp according to Figure 6. In the process, a compos-

ite mold made of carbon fiber was tested by means of

the mapping method. Figure 9 shows the components
of the TRIGGO vehicle made using this technology.

Fig. 9. TRIGGO vehicle parts made in single-sided heated mold in mem-
brane press with membrane vacuum assistance (casing bottom)
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4. Fabrication of vehicle components in a single-
sided heated mold in a membrane press with vac-
uum bag assistance
In a mold without heating channels, material in the

form of SemiNEMpreg 4010 was placed in the mold,

a vacuum bag was installed, and then, after checking the

vacuum, the whole system was placed in a membrane

press. The heating control was adjusted to a ramp that
allowed the material to be heated and held at the right

temperature according to the process shown in Figure 6.

Also in this case, a carbon fiber composite mold made

by the mapping method was tested. Figure 10 shows the

finished car parts made utilizing this technology.

Fig. 10. TRIGGO car body parts made in single-sided heated mold in
membrane press with vacuum bag assistance: a) casing,
b) casing_C_right

5. Fabrication of vehicle components in a double-
sided heated mold in a hydraulic press with vac-
uum assistance, achieved by a lip seal, in the form
of vacuum inside the mold
Material in the form of SemiNEMpreg 4010 was

placed in a double-sided metal mold with heating chan-

nels. Then, oil heating was started, the course of which
was adapted to the process ramp shown in Figure 6. The
press was then closed, and vacuum was started, which

remained the same throughout the process. Figure 11

shows the TRIGGO body parts made with this techno-

logy.

All the fabricated car parts, after finishing, were
combined into a layout corresponding to the 3D model
(Fig. 1), as shown in Figure 12. If it is necessary to join
(bond) all the fabricated parts, they have an area outside
the component to enable the bonding or nailing process.
All the parts are of very good quality and accuracy
of manufacturing. Comparison with the assumed
CAD model confirms the correctness of their manufac-
ture.

Fig. 11. Process of making front bumper in double-sided heated mold in
vacuum-assisted hydraulic press: a) laying prepreg, b) placing
mold on press, c) final parts

s

Fig. 12. TRIGGO body parts fabricated as part of the project, connected
in layout that matches assumptions

CONCLUSIONS

The aim of the research was to develop a method
for manufacturing composite components of the
TRIGGO electric car body by pressing technology,
based on the innovative A.S.SET resin. The employed
technologies allow us to eliminate many disadvantages
and limitations of previous methods of manufacturing
composite materials. It was confirmed experimentally
that selected parts of the TRIGGO vehicle body are
feasible to be fabricated by pressing technologies using
SemiNEMpreg pre-impregnated material based on
A.S.SET epoxy resin. The technologies were adapted to
the requirements of manufacturing composite parts,
with special focus on the cost-effectiveness of the proc-

Composites Theory and Practice 24: 4 (2024) All rights reserved
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ess. Owing to the use of a fast-crosslinking snap-cure
epoxy resin with the trade name NEMresin (known as
A.S.SET), it was possible to shorten the crosslinking
process to 15 minutes, compared to classic methods of
manufacturing composite materials, in which the
crosslinking process itself takes several hours. It was
possible to speed up the process of laying the material
in the mold (preforming) thanks to the development of
the flexible SemiNEMpreg material and optimization of
the preforming process allowing the laying of 5 layers
of reinforcement with an area of 1 m” in 15 min. When
classic materials (prepregs from other manufacturers or
NEMpregs from New Era Materials) are used, there is
the problem of the presence of very high viscosity (pre-
pregs) or stiffness (classic NEMpregs), hindering the
preforming process. In addition, a method of pre-
stacking the structure of SemiNEMpregs outside the
press was developed and tested, further accelerating and
facilitating the preforming process.

The studies made it possible to select the type of
mold depending on the geometry of the component and
the applied technology. The following types of molds
were tested:

— printed molds produced by additive manufacturing

(selective laser sintering — SLS),

— composite molds (reinforced with carbon or glass
fibers),

— heated metal molds, single-sided,

— heated metal molds, double-sided.

The conducted research made it possible to match
the type of mold to the manufacturing technology, con-
sidering the cost-effectiveness as well as the advantages
and disadvantages of each solution.

The manufacture of the composite parts in the fol-
lowing technologies was optimized:

— thermoset sheet forming using a membrane press

— thermoset sheet forming using a hydraulic press

— thermoset sheet forming using a vacuum-assisted
oven and a membrane press.

This led to the determination and matching of the
type of component to the type of mold and predestined
manufacturing technology, taking into account the most
important factors affecting the start of mass production,
such as the number of pieces, surface quality of the
component (roughness coefficient and surface finish-
ing), mold cost, process time, process cost, required
repeatability, quality of the target component structure,
in addition to the cost of finishing. The developed tech-
nologies are innovative and enable the low-cost batch
manufacture of composite parts for the automotive in-
dustry.
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