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Abstract

This research is about the mechanical properties of hybrid composites with regard to unidirectional
loading, taking into account the impact of interweaving designs and fiber alignments. Different stress
distribution as well as displacement patterns indicate the significance of material design in optimizing
performance. The findings show that diverse arrangements in terms of fiber orientations and hybrid
configurations can increase tensile strength and energy absorption, giving important information for
improving engineering materials.

Introduction

Hybrid laminated composites combine several fiber families within a single laminate to obtain
mechanical performances unreachable by any single material. Carbon contributes tensile strength, boron
adds stiffness and compressive resistance, glass provides ductility at low cost. Previous works (Singh
and Singh 2009; Jang et al. 2014) have shown that both fiber orientation and stacking sequence strongly
influence the resulting laminate behavior, but a systematic comparison of carbon—glass—boron hybrid
stackings under a unidirectional load is still lacking.

The present paper addresses this gap by simulating three nine-ply hybrid configurations (CGB, BCG,
GBC) over the full range of fiber orientations from 0° to 90°. The objective is to identify, for each
stacking sequence, the optimal fiber angle and to quantify the influence of the stacking order on the load-
carrying capacity.

Methodology

A composite plate of 50 mm % 20 mm, composed of nine plies of 0.125 mm thickness, is modelled in
Abaqus. One short edge is clamped while a tensile force of F = 100 N is applied to the opposite edge (Fig.
1). There were three distinct composition types:

* CGB: Carbon Epoxy, Glass Epoxy, Boron Epoxy
* BCG: Boron Epoxy, Carbon Epoxy, Glass Epoxy
* GBC: Glass Epoxy, Boron Epoxy, Carbon Epoxy
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Figure 1. Geometric model: a 50 x 20 mm composite plate clamped on one edge, loaded by F = 100 N on the
opposite edge.

Table 1. Properties of BoronEpoxy, GlassEpoxy, CarboneEpoxy

Property BoronE GlassE CarbonE
Density 2.6x10° Kg/mm? 2.0x10° Kg/mm? 1.6x10° Kg/mm?
Young's Modulus (E) | Ex=210000 MPa Ex=50000 MPa Ex=135000 MPa
Ey=18000 MPa Ey=12000 MPa Ey=10000 MPa
Ez=18000 MPa Ez=12000 MPa Ez=10000 MPa

Poisson's Ratio (v) vxy=0.3 vxy=0.25 vxy=0.3
vyz=0.3 vyz=0.25 vyz=0.3
vzx=0.3 vzx=0.25 vzx=0.3

Shear Modulus (G) Gxy=6000 MPa Gxy=4500 MPa Gxy=5000 MPa
Gyz=6000 MPa Gyz=4500 MPa Gyz=5000 MPa
Gzx=6000 MPa Gzx=4500 MPa Gzx=5000 MPa

Method of Analysis

Three curves were used to depict the changes in fiber directionality for three hybrid composites (CGB,
BCG, GBC). The graphs show how each material behaves mechanically and deforms as well as the
kinematic changes along the X and Z axes change due to application of load upon them. This
visualization distinguishes between the respective performances of these structures when subjected to
unidirectional forces.

Results

For each of the three hybrid configurations, the reaction force at the loaded edge has been extracted for
all eleven fiber orientations tested. The combined response curves are shown in Fig. 2.

CGB hybrid composite

The CGB sequence reaches its peak reaction force of 92.55 N at 8 = 30°, with 40° as a viable alternative
(82.54 N). At low orientations (0°-20°), the reaction force remains modest, ranging from 40.22 N to
47.66 N. Above 30°, the reaction force decreases steadily, reaching 70.71 N at 50°, 62.55 N at 60° and
46.34 N at 90°.

BCG hybrid composite

The BCG sequence is most rigid when the fibers are aligned with the load: at 8 = 0° the reaction force
reaches 121.20 N, accompanied by the lowest extension. At 6 = 20° the value is nearly identical (119.50
N), making this configuration robust near its optimum. Beyond 30° (97.21 N) the performance decreases
regularly, with values of 76.26 N at 40°, 60.48 N at 60° and 42.06 N at 90°.




GBC hybrid composite

The GBC sequence delivers the highest reaction force of the entire study, 133.40 N at 8 = 20°, followed
by 118.10 N at 30°. However, this configuration is highly sensitive to small angular variations: a
misalignment of only 10° (towards 8 = 10°) drops the reaction force to 29.45 N — a factor of 4.5
reduction. Above 30°, the reaction force decreases regularly to 86.98 N at 45°, 70.45 N at 60° and 48.65
N at 90°.

Reaction Force vs. Fiber Orientation — All Three Configurations
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Figure 2. Reaction force vs. fiber orientation for the three hybrid configurations.

Effect of fiber orientation and stacking on the deformation pattern

Beyond their effect on the magnitude of the reaction force, both design parameters also influence the
type of deformation observed under load. When the fibers are aligned with the load (6 = 0°), the response
is essentially an axial elongation. As 0 increases, an axial-shear coupling progressively develops in the
laminate behavior and is maximum around 45°, introducing a transverse component in the displacement
field that partly explains the loss of effective stiffness observed at intermediate angles.

The hybrid stacking introduces a second, independent source of asymmetry. Because the stiff
Boron/Epoxy plies and the more compliant Glass/Epoxy plies are not symmetrically distributed through
the thickness, a bending moment develops in the laminate even under a purely axial tensile load.
Numerically, this is reflected by a slight curvature of the deformed plate: in the CGB and GBC
configurations, where the Carbon/Epoxy layers occupy one outer face of the stack, the deformed plate
bends toward the carbon-rich side. In the BCG configuration, by contrast, Boron and Glass are placed on
opposite faces with Carbon in the middle, which reduces the through-thickness imbalance and yields a
more uniform extension field — consistent with the relatively low extension values obtained in this
sequence.

Comparison of the three configurations

Each configuration reaches its peak at a different angle (30° for CGB, 0° for BCG, 20° for GBC),
demonstrating that the optimal fiber orientation is configuration-dependent. The overall maximum
(GBC at 20°, 133.40 N) is 44 % higher than the CGB peak (92.55 N at 30°), although both composites
contain the same constituents in the same proportions. For large angles (8 > 60°), the three curves
converge to similar low values (40-50 N), since in this regime the load is transmitted essentially through
the epoxy matrix, irrespective of the stacking order.
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Figure 3. Peak reaction force of each hybrid configuration at its optimal fiber angle.

Conclusions

A finite-element investigation of three carbon—glass—boron hybrid laminated composites (CGB, BCG,
GBC) under a unidirectional tensile load of 100 N has been carried out. The main findings are:

¢ The stacking order changes the peak load-carrying capacity by up to 44 % with identical
constituents — hybrid design is therefore as much a matter of layer arrangement as of material
selection.

e Large fiber angles (8 > 60°) systematically reduce stiffness and increase deformation in all
configurations.

e The GBC configuration is highly sensitive to small angular variations, imposing tight
manufacturing tolerances on fiber alignment.

The asymmetric distribution of stiff (Boron) and compliant (Glass) plies through the thickness induces a
bending moment under axial loading, with the deformed plate curving toward the carbon-rich face in the
CGB and GBC configurations. The BCG sequence, where Carbon lies between Boron and Glass,
exhibits the most uniform extension field.

These results provide design guidance for optimizing hybrid composites in engineering applications.
Experimental validation and extension to cyclic and impact loading will be the focus of future work.
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