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Abstract
The necessity to produce modern composites with an acceptable impact resistance is an essential task in automobile and 
aerospace industry that needs to be satisfied. This capability is addressed by noteworthy energy absorption augmentation 
which is the most vital characteristic of such composite materials. In this paper, nanofibers are applied as interleaves to 
modify the delamination strength with a minimum rise in weight and thickness of the high-modulus polypropylene/epoxy 
composites. Nylon 6,6 nanofibers are produced by the electrospinning method. The distribution of nanofibers across the 
mats is examined by SEM. Innegra fabrics have been applied in composite layers production. The proper hand lay-up 
manufacturing of the laminates has been assured by the assistance of a hydraulic press. The energy absorption capacity at 
the onset of breakdown and impact resistance of the nanomodified and non-modified laminates were determined by quasi-
static three-point flexural for the former and low-velocity impact tests for the latter. The obtained results were compared. 
The results showed a 6.2 and 16.9% increase in the energy absorption capacity of nanomodified laminates in quasi-static 
three-point flexural test and low-velocity impact tests, respectively. In addition, low-velocity impact tests revealed 16 and 
26% improvement in maximum load capacity.
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Introduction

In modern industries like aerospace, defense, transporta-
tion, automobiles, and structural applications composites 
are practiced to achieve enhanced performance and benefit 
improved energy absorption. All components specifically 
composite are imperiled by various loadings during their 
service life of which impact loads are significant among 
all. The impact phenomenon is classified into a high- and 
low-velocity regime based on subsequent damage, structure 
behavior, and energy transformation [1, 2]. A general defor-
mation occurs in the low-velocity impact that is actually 
attributed to the total deformation of the object. Whereas, 
local deformation is the result of high-velocity impact as 
the sheet cannot deform during impact in short time [3–5].

Composite structures are feebler against impact in com-
parison to metals. Impacting of an external object to lami-
nate composite structures (like military bullet-proofs) results 
in internal microdamages that cannot be observed by the 
naked eye, e.g., matrix cracking, fiber demolition, delamina-
tion, and fiber–matrix debonding. Moreover, the aforesaid 
damages can grow due to further loadings which lead to 
inferior properties [6, 7]. All the mentioned damages depend 
on the velocity, geometry, and strength of impacting object 
and composite material properties. Thus, to determine the 
impact resistance of composite targets, their damage mecha-
nisms should be understood in detail [8, 9]. Based on the 
previous studies, improving the interlaminar strength is one 
of the solutions to improve the impact energy absorption 
of composite materials, since the delamination is the most 
critical failure factor in this case.

Typically, epoxy resins are used as the matrix in most 
impact-resistant composite targets and delamination is com-
mon in such laminates as epoxy is so brittle [10]. Several 
pieces of research have been conducted to evade this prob-
lem which has led to using thermoplastics as a toughening 
agent. Additionally, applying secondary material in the form 
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