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Abstract— The major reasons for switching toward 

composite materials are due to their properties of higher 

specific stiffness, strength and performance that are 

comparable with conventional materials.  Nowadays, the use 

of composite materials in our lives has become very 

common and these are found application as drive shaft, 

building and infrastructural system, landing gears for 

helicopters, furniture, transportation, rocket structures, tube 

structures for sports equipment, , truss structures, robot 

arms. Low velocity Impact damage during the service life of 

structures made up of composite materials is a major 

importance since its mechanical strength can be 

tremendously reduced as a result of such damage. Recently 

the interest of researchers has been directed towards on low 

velocity impact damage and the prediction of residual 

strengths of damaged fiber-reinforced composite materials, 

using them as potential substitutes for metals. These 

statistics indicate that this is a very dynamic area of 

research, and the main focus of present article seeks to 

provide comprehensive review of previous and recent 

research work published on torsional and bending strength 

of hybrid composite structures after low velocity impact 

damage. Fabric of carbon/glass wound around the aluminum 

tube by the use Araldite Epoxy and Hardener. This paper 

attempt to review the fabrication technique and mechanical 

properties chemical reactivity (by use NaCl) of twill woven 

fabric of Carbon/Glass based aluminum composite tube. 

Key words: Twill Woven Fabric of Carbon/Glass 

Composite, Low Velocity Impact, Torsion and Bending 

Strength, Chemical Reactivity, NaCL Solution 

I. INTRODUCTION 

In the 19th Century the composites industry began to 

develop, better plastic resins and improved reinforcing 

fibers were developed. The composites industry is gradually 

evolving, with much of the growth now focused on field of 

engineering. Composite materials can be classified based on 

the form of their constituents, number of layers, orientation 

of fibers, length of fibers etc. Depending on the size of the 

reinforcement we can classify the composites as fibrous 

composites, powdered composites, particulate composites 

and Nano composites. When continuous fibers are used as 

reinforcements, the composites can be uni-directional, bi-

directional or tri-directional. 

Fibers are put into three groups based on their 

strength-wise performance, they are high (Boron, Carbon, 

Kevlar), medium (Glass), and low performance (Natural) 

fibers. A fiber metal laminates (FMLs) is one of a class of 

composite materials consists by sandwiching of several thin 

metals and layers of fibers embedded in matrix material. 

This allows the material to behave much as a conventional 

metal structure, but with considerable higher specific 

stiffness, strength and advantages regarding properties such 

as metal fatigue, impact, weight savings, corrosion 

resistance, fire resistance and strength properties. The metals 

recently being used are aluminum, magnesium or titanium, 

and the fiber-reinforced layer are glass, carbon or Kevlar. 

Man-made hybrid materials of aluminum manifest better 

strength, hardness, toughness, rigidness etc. The role of the 

matrix in composite materials are to keep the fibers in place, 

to provide a barrier against an adverse environment such as 

chemicals and moisture, to transfer stresses between the 

fibers, to protect the surface of the fibers from mechanical 

deterioration, to provide lateral support against the 

possibility if fiber buckling under compressive loading. The 

application of composite materials can be broadly classified 

into Aerospace applications, Road and Rail transport 

applications, Offshore accord water vehicles, Building and 

other civil structures, Chemical Industries, Electrical, 

Electronics and communication applications, Mechanical 

systems and machine elements, sports applications and 

Biomedical applications. Composites research is receive 

appreciation and grants from governments, manufacturers 

and universities to find new fibers and resins to develop 

even more applications for composites. In recent years, 

many researchers have done intensive work on the problem 

of low velocity impact on fiber metal laminates (FMLs) in 

different ways because impact damage is an event that 

occurs repeatedly on composite structures. The sources of 

impact such as scrap or tools collision during 

manufacturing, maintenance, assembly or component 

operation, etc. These low intensity impact damages 

significantly reduce the mechanical properties, stiffness and 

then remnant strength of composite structure. These impacts 

can cause internal damage like matrix failure, fiber 

breakage, plastic deformations and delamination of layer of 

thin metal and fibers. 

II. LITERATURE REVIEW 

A.B. Doyum [1] investigated types and characteristics of 

defects produced by low-velocity transverse impact on 

(±54°3, 90°) E-glass and (±45°2, 90°) S-glass FR epoxy 

composites. A test set-up capable of producing transverse 

impact damage at energy levels between 3.5 J and 8.5 J was 

designed and manufactured for 30 specimens in the form of 

thin-walled cylindrical tubes. Due to impact, Point-like 

defects (which are the initiation of cracks in the matrix), 

regular and irregular cracks (shown in Fig. 1) and 

delamination zones were noticed. In E-glass specimens, 

parallel running circumferential cracks developed at the 

lateral sides (shown in Fig. 2) due to large elastic 

deformation of the thin walls but since S-glass specimens 
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have greater wall thickness which makes them stiffer, they 

produce cracks and delamination in the region of the impact 

area.      

 
Jiang Banghai [2] is presented an analytical 

solution for the failure modes of foam-core sandwich beams 

subjected to three-point bending and established a failure 

model to predict the failure modes. Foam-core sandwich 

beam form with two identical face sheets with thickness t is 

rigidly bonded to the foam core with thickness. Quasi-static 

three-point bending experiments is conduct to justify the 

prediction of the theoretical analysis. Comparisons of the 

ultimate load obtained from the modified Gibson model and 

the present model are done. For three-point bending 

experiments as for the case of t = 0.5 mm, good agreement 

is observed between the predictions of face yield failure 

mode and the experimental results. For the case of t = 3.0 

mm, indentation failure mode was observed in the 

experiments and the theoretical predictions overestimate the 

load carrying capacity of the structures. For the case of t = 

6.0 mm the core shear failure mode was observed in the 

experiments.  

Aniruddha Mitra [3] presents semi-rigid urethane 

based fibre composite shafts are fabricated by high pressure 

injection molding process where compressed air pressure is 

effectively used for this purpose. This manufacturing 

technique creates a composite shaft with a core made of 

matrix material which is completely wrapped around by 

three different types of woven fibres: glass fibre, Kevlar 49, 

and carbon fibres, are used. On these three different types of 

composite samples and sample made of only core material, 

triple point bending tests are carried out to predict Stress vs 

deflection curve behaviour. During the test it is observe that 

between the load and mid-point deflection of the specimens 

up to a certain level, linear trend is obtained and at higher 

load causes separation of fibres and core matrix under 

compression region. The failure is quite unpredictable and 

varies between three specimens. The “yield” like 

phenomena can be identified as the debonding of the fibre 

and matrix due to the buckling of the upper fibres and 

critical buckling stress causes the fibre to debond from its 

matrix.          

Mateen Tariq, Salman Nisar [4] study Effect of 

Hybrid Reinforcement on the performance of Filament 

Wound Hollow shaft in this study incorporates multiple type 

of layer within a single layer. This paper investigates the 

effect of hybrid reinforcement on the performance of hollow 

Shafts. Manufactured shafts were tested on the torsional 

testing machine to examine torsional characteristics. 

Furthermore, shafts were also tested for supplementary 

properties such as surface hardness, chemical reactivity, and 

density. Another factor of the study was the effect of a hot 

and cold curing resin.  

Dai Gil Lee [5] presents the one-piece hybrid drive 

shaft was designed and manufactured by co-curing the 

carbon fibre on the inner surface the aluminium tube rather 

than wrapping on the outer surface to prevent the composite 

layer from being damaged by external impact and 

absorption of moisture, to reduce weight , vibration and 

increased torsion capacity. The optimal stacking sequence of 

the composite layer was obtained considering the thermal 

residual stresses of interface between the composite layer & 

aluminium tube and press fitting method for the joining of 

the aluminium/composite tube and steel yokes was 

formulate to reduce manufacturing cost, compared to other 

joining methods like bolted or riveted and welded and 

adhesively bonded joints. It was found that the developed 

composite drive shaft had 0.75 time mass reduction, 1.6 

times increase in torque capability compared with a 

conventional steel drive shaft. The fundamental natural 

frequency and minimum static torque capability were 9390 

rpm and 4320 Nm which exceeded the design requirements. 

S. Misri [6] presents the behaviour a new natural 

fibre composite hollow shaft using kenaf yarn fibre 

reinforced/unsaturated polyester resin composite hollow 

shafts, with a specific focus on the maximum torsion 

capacity of the composite hollow shaft for different winding 

angles and aluminium reinforcement. It is observed that the 

torsion capacity is significantly affected by changing the 

winding angle and at a winding angle of 45º it show higher 

strength than 90º orientations while the presence of 

aluminium enhanced the static torque test capacity 

properties composite hollow shafts. For every specimen, two 

fracture points were obtained. It is observed that kenaf fibre 

at winding angle 90° has decreased torsion strength and the 

ability of the kenaf fibre/matrix to absorb stress during 

failure, and kenaf fibre at winding angle 45° allowed to 

absorb the stress before fracture. The maximum torsional 

load that can be exerted on the hollow kenaf composites is 

15 N m at a torsional angle of 20° and hollow 

kenaf/aluminium composites with a 45° fibre orientation 

possessed the highest torsional strength of 33 N m and loss 

strength at a 30° twist angle. 

R. Panciroli [7] investigates that RTS after impact 

of CFRP tubes as expected; the more extended the 

delamination interfaces, the lower the RTS. The RTS 

decreases as the preload increases, even if the preload is less 

than the torque necessary to produce the first matrix crack 

initiation. During the impact test the specimens suddenly 

collapsed at the highest level of the torsional preload, with 
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complete loss of strength and stiffness. An interaction was 

found that the higher the preload, the more delamination’s 

propagate, the lower the plies critical buckling load and the 

RTS. 

Ercan Sevkat [8] presents an experimental and 

numerical study to investigate residual torsional properties 

E-glass/epoxy, carbon/epoxy and E-glass–carbon/epoxy 

hybrid composite shafts subjected to impact loadings at 5, 

10, 20 and 40 J energy levels. This study shows reduction in 

torsion capacity and increasing in twisting angle with 

increasing damage energy levels. Carbon reinforced 

composite shaft had the highest, glass reinforced composite 

had the lowest resistance to impact but energy absorption 

ability of carbon reinforced shaft was the less than glass 

reinforced shaft and hybrid composite shaft was between 

that of glass and carbon shafts. Reductions caused by 5 J 

impact were not severe, 10 J and 20 J impacts caused 

significant reductions and from 20 J to 40 J impact, 

reductions at maximum torque and maximum twisting angle 

were not changed excessively. 

M.A. Badie [9] examines the effect of fibre 

orientation angles and stacking sequence on the torsional 

stiffness, fatigue life, natural frequency, failure modes and 

buckling strength of composite shafts. Experimentally, 

Specimens of carbon/epoxy or glass/epoxy composites with 

fibre winding angles of ±45° show catastrophic failure mode 

and experience higher load carrying capacity and higher 

torsional stiffness. The bending natural frequency and 

modulus in the axial direction increase by decreasing the 

fibre winding angle. On the other hand higher membrane 

stiffness amplifies the bending stiffness of the composite 

tube and increases the natural frequency. As the load 

increases, the natural frequency decreases. Stacking 

sequence has a big effect on the buckling torque, the worst 

stacking register a loss of 46.07 % of the critical buckling 

torque compare to the best stacking used. The best stacking 

is to locate the layers of ±45° fibre orientation angles 

together and much closer to the inner face of the torque tube 

for better fatigue life. Carbon fibres have the vital 

contribution over glass in increasing the torsional stiffness 

and 45° fibre orientation angle is the best in increasing the 

torsional stiffness. Laminates containing fabric fibres placed 

at ±45° experienced sudden failure the stacking of (90°/0°) 

experienced a progressive and gradual failure. On the other 

hand in hybridized tubes, the severe difference in torsional 

stiffness of the layers leads to initially suppressed twisting 

and contains the matrix cracks at outer plies not to extend 

towards the tubes ends. 
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