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Abstract: This paper discusses the use of Kevlar-carbon hybrid composites in the aerospace industry
for structural and non-structural components. By combining the high tensile strength and impact
resistance of Kevlar fibers with the high stiffness and dimensional stability of carbon fibers, a material
with enhanced mechanical properties can be achieved. However, the combination of two materials
with different properties can cause delamination between layers, making real-time monitoring of
structural integrity important. This study investigates the feasibility of embedding sensors into
Kevlar-carbon hybrid composites and presents the basic characterization using a mechanical tensile
test. It been shown the embedded sensor has a linear response toward the axial stress and the damage
can be detected at the turning point where the capacitance begins to decrease.
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1. Introduction

In the aerospace industry, Kevlar-carbon fiber hybrid composites have been used
widely for both structural and non-structural components like fairings, fillets, wingtips,
and braking systems where weight saving and impact resistance are priorities [1]. Aramid
(Kevlar) and carbon fibers are two of the most commonly used high-performance fibers
for reinforcing polymer matrix composites. Kevlar fibers have high tensile strength and
impact resistance, while carbon fibers have high stiffness and dimensional stability. By
combining these two fibers into a hybrid composite, it is possible to achieve a material with
enhanced mechanical properties. However, a combination of two materials with different
mechanical properties can cause different types of failure such as delamination between
layers. Therefore, implementing real-time monitoring for the structural integrity of hybrid
composite is important for mitigating this problem. An early study was conducted on
developing smart materials for carbon-glass hybrid composites, whereas the novelty of
this work is to investigate the feasibility of embedding sensors into Kevlar-carbon hybrid
composites. This paper presents the basic characterization of smart Kevlar-carbon hybrid
composites using a mechanical tensile test.

2. Materials and Methods

The 3k filaments of carbon fiber (Torayca® T300, 3k, Toray Composite Materials
Tacoma, WA, USA) was woven into the Kevlar fiber (Kevlar (Plain, hp-textiles, P170A,
HP-Textiles GmbH, Schapen, Germany)) to produce intra-ply hybrid woven fabric as
illustrated in Figure 1a. This carbon fiber was also used as an electrode to form a capacitive
sensor, whereas the Kevlar fabric was used as the dielectric material. To manufacture a
sample of Kevlar-carbon hybrid composites which consisted of seven layers as shown in
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Figure 1b, the hand layup process was used. More detail of the process of integrating and
manufacturing the smart material can be found in [2]. To characterize the smart material, a
tensile test was conducted as shown in Figure 1c.

Proceedings 2024, 97, x FOR PEER REVIEW  2  of  3 
 

 

sample of Kevlar-carbon hybrid composites which consisted of seven layers as shown in 

Figure 1b, the hand layup process was used. More detail of the process of integrating and 

manufacturing the smart material can be found in [2]. To characterize the smart material, 

a tensile test was conducted as shown in Figure 1c. 

 

Figure 1. (a) Image of weaved carbon fiber into aramid (Kevlar) woven fabrics; (b) schematic dia-

gram of inserting two capacitive sensors (sensors A and B) into a carbon-aramid hybrid composite; 

(c) experimental setup for characterization of the smart material; (d) graph showing the sensor re-

sponse and the axial stress versus the crosshead displacement of the tensile test. 

3. Discussion 

To obtain the relative change in two capacitance sensors (sensors A and B) against 

the crosshead displacement and axial stress, the sample was pulled up to the breaking 

point which was around 270 MPa, using the tensile test machine as shown in Figure 1d. It 

is clear that the sensor response against the axial stress started to increase up to the turning 

point. The onset of deterioration or failure occurred at the turning point where the capac-

itive value began to decrease. It has been shown that the embedded sensor into the Kevlar-

carbon composite had a linear response over a broad range of axial stress (up to 170 MPa) 

compared to it embedded into a glass-carbon hybrid composite which is up to 100 MPa 

[3]. The observed improvement may be attributed to a significant difference of the Young’s 

modulus between glass and carbon fibers which was minimized by hybridization of Kev-

lar fibers with carbon fibers, in turn leading to delaying the onset of failure at the turning 

point. This indicates a high capability of the new developed technique to monitor struc-

tures integrity in real time for Kevlar-carbon hybrid composites. 

Author Contributions: Conceptualization, K.A. and S.A. (Saad Aldoihi); methodology, S.A. (Saad 

Aldoihi),  S.A.  (Sami Alsaleh),  and A.A.;  software, K.S.A.;  validation, K.K., K.A.  and  S.A.  (Saad 

Aldoihi); formal analysis, M.A., K.A. and S.A. (Saad Aldoihi);  investigation, K.A.; resources, S.A. 

(Sabri Alkhaibari), K.S.A., and M.A.A. ; data curation, K.A. and S.A. (Saad Aldoihi); writing—orig-

inal draft preparation, K.A. and S.A. (Saad Aldoihi).; writing—review and editing, K.A. and S.A. 

(Saad Aldoihi); visualization, K.A.; supervision, K.A. and S.A. (Saad Aldoihi); project administration, 

S.A. (Saad Aldoihi) and K.A. All authors have read and agreed to the published version of the man-

uscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Data are available in this manuscript. 

Figure 1. (a) Image of weaved carbon fiber into aramid (Kevlar) woven fabrics; (b) schematic
diagram of inserting two capacitive sensors (sensors A and B) into a carbon-aramid hybrid composite;
(c) experimental setup for characterization of the smart material; (d) graph showing the sensor
response and the axial stress versus the crosshead displacement of the tensile test.

3. Discussion

To obtain the relative change in two capacitance sensors (sensors A and B) against
the crosshead displacement and axial stress, the sample was pulled up to the breaking
point which was around 270 MPa, using the tensile test machine as shown in Figure 1d.
It is clear that the sensor response against the axial stress started to increase up to the
turning point. The onset of deterioration or failure occurred at the turning point where the
capacitive value began to decrease. It has been shown that the embedded sensor into the
Kevlar-carbon composite had a linear response over a broad range of axial stress (up to
170 MPa) compared to it embedded into a glass-carbon hybrid composite which is up to
100 MPa [3]. The observed improvement may be attributed to a significant difference of the
Young’s modulus between glass and carbon fibers which was minimized by hybridization
of Kevlar fibers with carbon fibers, in turn leading to delaying the onset of failure at the
turning point. This indicates a high capability of the new developed technique to monitor
structures integrity in real time for Kevlar-carbon hybrid composites.
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