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Design and production of new type reinforced U-profile composite panels
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ABSTRACT

In aircraft design, factors such as fuel efficiency, lightness and durability are critical due to the effect of various loads.
Therefore, the use of "U" profile beams, which are stronger in terms of strength, provides versatile advantages. In this
study, a reinforced composite panel was designed and fabricated by adding support beams to the "U" profiles to maintain
the safety and integrity of aircraft structures. Glass fiber and epoxy resin were employed in the composite production
process. The vacuum infusion method was employed for composite production, with molds specifically designed for the
"U" profile and "I" support beams. Following production, the compatibility of the "U" profile, "I" support beam and sub-
composite base forming the composite panel was evaluated. It was determined that the produced "I"* support beam con-

stituted only 18.8% by weight of the composite panel.
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1. INTRODUCTION

The utilization of composite materials in the aviation in-
dustry has witnessed a notable surge in recent years,
driven by their lightweight nature, durability and perfor-
mance-enhancing properties. These materials are being
employed with greater frequency in the design and manu-
facture of critical structural components, including aircraft
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fuselages and wings. Reinforced composite panels serve
as the fundamental structural components that constitute
the primary framework of aircraft. The reinforced panel
exerts a significant influence on the stability of the body
and its bearing capacity after buckling. Consequently, it is
of paramount importance to examine these structures in
terms of strength.

A number of studies have been conducted in the literature
examining the mechanical behaviors of U-profile compo-
site panels and similar structures under different loading
conditions. In one such study, Elaldi and Colak deter-
mined the buckling and post-buckling behavior of hat-
stiffened composite panels under compressive loading [1].
The buckling and post-buckling behaviors are of great im-
portance for maintaining structural integrity. Subse-
quently, Fengetal. conducted impact tests on reinforced
composite panels at various damage locations to investi-
gate the effects of damage on structural behavior [2]. Fur-
thermore, Kursun et al. conducted low-velocity impact
tests on aluminum sandwich composite plates, which were
manufactured using a low-density polyethylene core be-
tween two aluminum sheets [3]. The effect of impactor
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geometry on impact performance was examined both ex-
perimentally and numerically. The aforementioned stud-
ies have demonstrated that the impact and buckling behav-
iors of composite structures have a significant effect on
their durability. In a study published Han et al. conducted
experimental and numerical investigations into the axial
crushing behavior of CFRP U-profile beams subjected to
axial compressive loading [4]. This study provides crucial
insights into the performance of U-profiles under axial
loads. A similar approach was employed by Alkhatib et
al., who examined the energy absorption capacity and
crushing behavior of composite corrugated pipes under
quasi-static axial shear crushing loading [5]. These inves-
tigations have yielded significant findings that are aimed
at enhancing the energy absorption capacities of compo-
site structures. Kumar et al. conducted axial compression
tests to determine the pre-buckling and post-buckling be-
haviors of bi-layered composite panels reinforced with
evenly spaced hat-stiffened profiles [6]. While these stud-
ies examine methods to enhance the buckling resistance
of structures, Sun et al. conducted experimental investiga-
tions to examine the buckling behavior of U-profile rein-
forced composite specimens under axial compressive
loading [7]. The findings of this research demonstrate the
efficacy of practical methods for enhancing the structural
durability of U-profiles. Ataabadi et al. conducted an ex-
perimental and numerical investigation into the dynamic
axial crushing response of circular pipes made of unidi-
rectional CFRP [8]. This study is of significant importance
in order to gain an understanding of the behavior of com-
posite structures under dynamic loads. In a recent study,
Feng et al. conducted experimental and theoretical anal-
yses of the shear performance of composite panels rein-
forced with I-profiles [9]. The findings revealed the ef-
fects of different profile shapes on structural performance.
In a related study, Li et al. examined the static and fatigue
behaviour of U-profile panels subjected to four-point
bending loads, both experimentally and numerically. This
research is of significant importance in the understanding
of the long-term durability of composite panels [10]. Liu
and Xu conducted impact and post-impact compression
tests on composite specimens reinforced with single hat
profiles, either filled or unfilled [11]. The objective was to
analyse the effects of the filler material on buckling failure
load and impact damage tolerance. This study
demonstrates the impact of filler materials on structural
durability. Hou et al. conducted an investigation into the
low-velocity impact and post-impact crushing behaviours
of reinforced CFRP panels, both experimentally and
numerically [12]. Kumar et al. in their research propose a
computationally efficient methodology using the
Constrained Variable Asymptotic Method (C-VAM) for
nonlinear torsion analysis in a hat beam panel with
delamination defects [13]. In a study, Ahmadi and Rahimi
investigate the behavior of grid reinforced composite
panel (GSCP) subjected to transverse loading through
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analytical and experimental approach [14]. Wu et al. In
their article, the compressive buckling and post-buckling
behavior of J-type composite hardened panels before and
after impact load were examined with theoretical,
numerical and experimental methods [15]. Suriani et al
have created a review article and accordingly compiles the
review on delamination and common manufacturing
defects in natural fiber reinforced hybrid polymer
composites that affect the performance of the composites
[16]. Kong et al have two purposes in their writing. The
first is to see and understand the detailed buckling process
in the post-buckling phase of stiffened panels subjected to
in-plane compressive loading, especially the interactions
between material nonlinearity and geometric nonlinearity.
The second is to verify the similarity criteria of the design
of different sizes of stiffened panels with the same
torsional modes and proportional ultimate strength [17].
The aim of Kolanu et al. work is to experimentally
investigate the stability behavior and damage properties of
carbon fiber reinforced polymer (CFRP) composite panels
with secondary bonded blade stiffeners under pressure
[18]. van Dooren et al. Two aerospace thermoplastic
composite toughened panels were analyzed and tested to
investigate buckling behavior, surface beam separation
and final damage mode [19].

The findings of this research are of significant importance
in the context of maintaining structural integrity following
impacts.Nevertheless, the strength and durability of these
structural components must be enhanced continuously,
particularly in the context of variable loads and flight
conditions.

In general, different types of reinforced composite profiles
have been compared in the literature. This study compared
unsupported samples with supported samples and clearly
demonstrated the difference. In this study, unlike the
literature, new types of composite panels have been
developed by adding "I" support beams to U-profile
composite panels. In the production of composite panels,
the appropriate dimensions for the U-profile and support
beam were first determined, and then a three-dimensional
design was created. Subsequently, molds were
manufactured to the specified dimensions, and panel
components were produced via the vacuum infusion
method. The combination of the produced parts and the
effect of the added support profile on the weight were
discussed as a result.

2. MATERIALS AND METHODS

2.1 Design of reinforced U-profile composites

The initial phase of the study involved the determination
of the dimensions of the U-profile composite panel and
the creation of drawings. To this end, an unsupported U-
profile composite panel design was initially created. Sub-
sequently, an I-support beam was designed and its dimen-
sions were determined to be placed within the U-profile
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for reinforcement purposes. The dimensions of supported
and unsupported U-profile composite panels are presented
in Figure 1-2.

b)

Figurel. Specimen without support a) Front b) Three-dimen-
sional view of the model

Figure 2. Specimen with support a) Front b) Three-dimensional
view of the model

The study encompassed the placement of I-profile support
beams within U-profile composites for reinforcement pur-
poses. In order to facilitate the production of these com-
posites using the vacuum infusion method, the requisite
mold designs were created in three dimensions and man-
ufactured using steel material on a computer numerical
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control (CNC) machine. The use of metal molds was in-
tended to ensure uniform temperature transfer to the com-
posite specimen during the vacuum infusion process. The
aforementioned mold design is depicted in Figure 3. A
single-piece mold was deemed the optimal choice for the
production of U-section composites. During the
production of the I-support beam, the dimensions of the
mold cavities were designed to be adjustable in order to
achieve the desired thickness. Consequently, a multi-piece
mold design was created for the I-support (Figure 4).

Figure 4. Designed I-profile mold and its produced form

2.2 Production of reinforced U-profile composites

The scope of the study encompassed the production of
both U- and I-profile composites via the vacuum infusion
method. The composite was manufactured using twill 2x2
weave type glass fiber woven fabrics as the fiber material.
The thickness of the glass fiber layer is approximately
0.29 mm. The matrix material comprised MGSH160 resin
and MGSL160 hardener. Both materials are commercial
products obtained from Dost Kimya A.S., Istanbul, Tur-
key. The production process was conducted on a temper-
ature-controlled vacuum infusion bench. In the production
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of composite materials, a release film is first applied to the
surface of the bench in order to facilitate the subsequent
removal of the fiber fabrics. Sub-sequently, in order to en-
sure the secure attachment of the release layer to the
bench, the perimeter of the layer is affixed with double-
sided tape. The molds were positioned at appropriate in-
tervals in accordance with the specifications depicted in
Figure 5. As illustrated in Figure 6, the glass fibers were
cut to the specified dimensions and stacked according to
the designed model. In order to facilitate the separation of
the composite plate produced following the manufactuing
process from the consumables, such as the flow mesh and
vacuum nylon, which were applied on top, a peel ply was
applied over these fabrics.

Figure 5. a) Use of release film and tape in composite produc-
tion b) Arrangement of U-profile molds

% N

Figure 6. Use of glass fiber and peel ply in composite produc-
tion

In a vacuum environment, a green vacuum infusion mesh
was positioned on the surface of the peel ply, allowing the
resin to flow freely and wet the entire fabric. To prevent
the peel ply and infusion mesh from being displaced by
the vacuum, they were fixed to the release layer using
paper tape. Furthermore, spiral hoses and connection
elements were placed on both sides of the fabric in order
to ensure the homogeneous distribution of epoxy resin on
the fabric surface and to wet the entire surface, as
illustrated in Figure 7. This process allowed for the
absorption of the resin and the evacuation of any excess.
Albayrak, M., et al [20], Erdem, S..et al [21] and
Bozkurt,i.[22] They produced composites using the
vacuum infusion method in stores and produced them
using lightweight methods with low temperatures.
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In the final stage, vacuum nylon was applied over the
double-sided tape that held the bench and the release layer
together. Vacuum hoses were then connected to the
aforementioned connection elements in the spiral hoses.
Once the vacuum hose on the side where the resin would
be absorbed had been secured with a clamp, it was left
under vacuum for a period of 15 minutes. The vacuum
pressure gauge was monitored to ascertain the absence of
any air leaks. Once the sealing checks had been
completed, the resin-hardener mixture was prepared. In
the production phase, woven glass fiber with an areal
weight of 300 g/m? and epoxy resin with a hardener
mixture ratio of 100/20 by weight were utilised. While the
specimens were subjected to vacuum, the vacuum pump
was activated and the vacuum hose on the side where the
resin would be absorbed was immersed in the mixture
without allowing air to enter. Subsequently, the
homogeneous mixture was impregnated into the woven
glass fiber fabrics under vacuum, and then cured at 100°C
for a period of two hours.

Figure 7. Impregnation of resin into the composite fabric

3. RESULTS AND DISCUSSION

This study has examined the production, cutting, and as-
sembly processes of composite specimens produced using
the vacuum infusion technique in great detail. After the
curing process, the specimens removed from the mold
were cut to a length of 80 mm using a waterjet cutting ma-
chine in order to prepare them for assembly. The waterjet
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cutting technique ensured precise obtaining of the speci-
mens in the desired dimensions. During the cutting pro-
cess, meticulous work was carried out to maintain the
structural integrity of the materials. In the assembly pro-
cess, I-profile composite beams were adhered inside the
U-profile composites as support beams (Figure 8).

Figure 8. The wetted glass fiber layers inside the mold prepared
for the support beam and the produced support beam.

It is of critical importance to ensure a consistent bonding
thickness in order to maintain the quality and structural in-
tegrity of the assembly. In this study, the bonding thickness
was set to 0.15 mm. To achieve a standard bonding thick-
ness, a specialized bonding mold was employed (Figure 9).
The mold ensured uniformity of the total bonding thick-
ness, thus facilitating accurate adjustment of specimen
height and preventing any axis misalignments or symmetry
irregularities that could occur during bonding. Prior to the
assembly stage, composite specimens produced using the
vacuum infusion method were visually inspected to iden-
tify any manufacturing defects.

The specimens obtained exhibited symmetrical geometry
and were observed to be axial in the loading direction. Fol-
lowing visual inspection, the bonding process was initi-
ated, and the specimens were left in the mold for 24 hours
to allow the adhesive to fully cure.

Figure 9. Height adjustable mold used to bond parts of a rein-
forced U-profile beam to each other
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b)

Figure 10. a) Reinforced U-profile specimen, b) Cross-sectional
view of the reinforced U-profile specimen

4. CONCLUSION

This study successfully demonstrated the design and pro-
duction of a novel U-profile composite panel reinforced
using the vacuum infusion technique. The findings re-
vealed in detail the advantages and difficulties encoun-
tered by this method in the production of composite mate-
rials.

»  The proposed model is straightforward to manufac-
ture and assemble. The vacuum infusion method has
emerged as an effective technique for the production of
composite materials. Consequently, the components are
joined together with complete contact, eliminating any
gaps. This condition has been a critical factor in maintain-
ing the quality of the assembly and structural integrity, as
ensured by maintaining a constant bonding thickness of
0.15 mm.

»  The resulting reinforced U-profile composite panels
exhibit high structural integrity and symmetrical geometry
and may be considered an important step in improving the
performance of composite materials used in the aviation
industry. The additional weight (18.8%) associated with
the incorporation of the support beam may be offset by the
strength gain.

. However, in order to reveal this, it is necessary to
prepare specimens for multiple production, impact and
compression tests, and to measure their performance in
terms of specific gravity. It is also recommended that fu-
ture studies examine different material combinations and
infusion methods. Nevertheless, the application of numer-
ical analysis and the evaluation of the model obtained in
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this study will facilitate a more comprehensive under-
standing of the performance and durability of reinforced
composite structures. Such research will contribute to the
development of safer, lighter and more durable structural
components in the aviation industry.
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