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Abstract  

Hybrid composite has contributed immensely in the innovation of aviation industry with regards to aerospace 

and ecosphere; its credibility is due to its application in designing aircraft with extensive seating capacity. The 

present research is based on promoting a new hybrid composite with advanced mathematical designed model for 

stimulating higher stiffness-to-weight ratio comprising of higher tensile properties to the use of existing 

composites and metallic alloys. The material used in the proposed study consists of higher stiffness fiber yarn in 

hybrid 8-harness satin woven fabric. The new hybrid magnifies fabric with epoxy resin amounting to higher 

strength in density ratio, fatigue resistance including the prospect of scaling down weight for euro industrial 

venture; whereas, the mathematical model of satin woven fabric bounces engineers in shaping any part of  the 

aircraft using the laminating design enhancement. The significance of the present study is to provide aerospace` 

ecosphere and aviation industry with more hybrid composite material leading to surplus latent ways of 

hybridisation strategies impact. 

__________________________________________________________________________________________ 

Keywords: Hybrid, R-Glass, Satin Woven, Aero Materials, Mathematical Model 

 

INTRODUCTION 

Composites demonstrate higher durability to weight 

ratio with significant numerical and quantitative 

solutions comprising of high corrosion resistance in 

defiance to damage from fatigue equivalent to 

metallic alloys; consequently, composites displays 

weight reduction of aircraft, more fuel-efficient 

results further minimizing operating cost of aviation 

venture (Antonio C Filho, 2018). Substantial 

component of Boeing 787 and Airbus A350 devised 

on composite materials. It has reaffirmed that the 

Airbus A380 assumed to be the world's largest 

passenger full-length double-deck aircraft inclusive 

of seating capacity within the range of 525 

passengers on board the craft, while A380-800 

certified for up to 853 passengers. Moreover, 

composite has the tendency to design any shape using 

the laminating sequence development (Pradip K. 

Saha, 2016).  

 

The recent analysis shows that Engineers can repair 

composites structure effectively and efficiently 

(Heslehurst R. B 2019).The major manufacturing 

processes and process parameters persuaded defects 

(Mallick, 2017). Due to its reduction capability, the 

aircraft minimizes emission, lower noise and more 

eco- friendly (Moshe Givoni, Piet Rietveld, 2010). 

The weave patterns of glass fabrics have a strong 

influence on the fracture behavior of the woven 

composites. The resistance of satin weave stresses is 

superior to those such as in plain weave fabric (Wang 

Youjiang, Zhao Dongming, 1995).  Non-linearity and 

knee effects on stress-strain response were 

characterised in glass woven fabric epoxy 

reinforcement (Kumar S, Yang B, Kozey V, Adanur 

S. 2000). 

 

Kelly and Davies provided the analysis for predicting 

axial tensile strength as a function of fibre and matrix 

strengths, and the constituent volume fractions, 

assuming that the fibres are identical, continuous, 

aligned and uniformly spaced (Kelly A. and Daves 

G.J, 1965). 

 

The bond between the fibre and matrix in a hybrid 

ensures that both fibres continue to carry part of the 

applied load and to contribute to the overall stiffness 

after first cracking (Chamis C.C, 1974).The adhesion 

in E-glass fibres where they subjected to various 

surface treatments with an epoxy matrix to evaluate 

the effect of the coating process is studied. Ahlstrom 

and Gerard reported that the tensile strength of the 

silane-treated glass fibre composite was higher than 

for the untreated fibres, which complies with reported 

data.  An additional effect observed for the 

elastomer-coated fibres, which present the highest 

tensile strength. This effect attributed to an improved 

protection and/or elimination of the weakest 

filaments in the glass yarn during the treatment 

(Ahlstrom C., Gerard, JF 1995). 

 

Scope of the Research Work 

The scope of the research study is extensive; it 

focuses on two main topics that determine the 

significance of applied hybrid composites. The first is 

to delve into the higher strength-to-weight ratio in the 

presence of R-glass in the hybrid composite. The R-

glass displays higher stiffness-to-weight ratio in the 

weave hybridization that comprises of tensile 

properties comparing to the existing use of 
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composites and metallic alloys. Moreover, the other 

scope is to signify the influence of geometrical 

architecture model of satin woven fabric which 

contributes higher durability to weight ratio and 

rebounds engineering enhancement in the aerospace` 

ecosphere and aviation industry. In the proposed 

study, the tensile properties of composites in woven 

fabric have been analyzed based on the effect of fibre 

hybridization of the composite using hybrid woven 

fabric of E-glass in the warp and the R-glass in the 

weft compared to that of non-hybrid E-glass in both 

warp and weft woven fabric composites.   

 

MATERIALS AND EXPERIMENTAL DETAILS  

The materials used in the experimental testing are 

supplied by Interglas Technologies, Sherborne UK, 

are as follows: first; non hybrid (only E-glass) with 8-

harness satin woven fabric of EC9 68 TD22 in warp, 

EC9 68 in weft, second; hybrid 8-harness satin 

woven fabric of EC9 68 in warp and RC9 68 in weft.  

Where E = E-glass, R = R-glass.  C = continuous 

filament yarn. 9 = 9 micron diameter. 68 = 68 TEX 

i.e. 1000 m of yarn weighs 68g. The fabrics have 

identical or similar numbers of threads in both 

directions and the yarn count is generally the same. 

They were as bi-directional fabrics and have greater 

mechanical strength and stiffness of laminate is due 

to limited thread deflection (crimp), figures 1 and 2. 

The fabrics are more drapable and hence conducive 

to shape components rather than in the plain woven 

fabrics. TD22 silane binder resin has been used as a 

compatible option as fibre coating for both the 

fabrics. Epoxy resin (L20-SL) set was the sole matrix 

used for all laminated composite material (Vetrotex, 

1999). 

 

Tensile tests were conducted according to British 

Standard (BS) EN ISO 527-5 1997, (BS 2782: Part3: 

Method 326G: 1997) for woven composite laminates. 

A test specimen subjected to longitudinal load at a 

speed of 2 mm/min, an extensometer with 100 mm 

extension used to allow force-extension curve to 

drawn without inertia at the speed of testing. The 

requirement for the loading assembly permitted 

measurements of the load and deflection during the 

time of testing period.  Stress values calculated with 

average and standard deviation adopted in 

calculations.  A tensile stress-strain curve along with 

the corresponding AE curve used for damage 

accumulation analysis of the hybrid and non-hybrid 

composites.  

 

ASSUMPTIONS AND LIMITATIONS 

The material used in this study is being a single 

weave hybridisation. Various ways of hybridisation 

architectures thatcan utilized for design application 

development; other weave hybridisation can be 

predicted from the outcome of the analysis to hold 

higher mechanical performance.  Firstly, by alternate 

R and E glass fibres in both warp and weft; secondly 

by varying the number of R and E glass yarn order in 

both warp and weft directions; furthermore, the use 

of Carbon fibre in weave hybridisation could be used 

as the third option. Composite manufactured from 

each woven fabric requires further investigation.  

More level of fibre volume fraction in the composites 

can obtained to enable the designer to use it as a 

necessary tool for the application development and 

material cost selection.  

 

RESULTS AND DISCUSSION  

Axial tension tests executed on two sets of 

composites; the acoustic emission (AE) the 

techniques successfully employed during tensile 

mechanical testing. The AE results are supporting the 

specimen visual examination (SVE) and scanning 

electron microscopy (SEM) of fracture surfaces to 

visualize the damage events occurring in glass woven 

reinforced epoxy resin laminates. 

The VSE and SEM micrograph along with the AE 

utilized in this study were interrelated to the 

micromechanics of the damage events sequence 

occurrence.  

 

The result shown in table 1 indicates that the ultimate 

tensile strength (UTS) of the hybrid composite for the 

weft direction is superior to the non-hybrid composite 

by approximately 20%.  The Young’s modulus and 

UTS values show that the hybrid composite is stiffer 

and greater in strength than the non-hybrid 

composite. The shapes of stress-strain curves are 

identical, but differ in magnitude. Two knees appear 

on each stress-strain curve illustrate contrasting 

values.  The two knee points divide the curves into 

three linear portions. The appearance of two knees on 

each stress-strain curve with distinct values for each 

composite is due to the contrast in fibre mechanical 

properties of R-glass and E-glass facilitating 

hybridisation effect on composite properties.  The 

features at the knee points and ultimate tensile 

strength in each curve possess distinct values.   

 

The quantification of AE ring down counts (RDC) 

and rate, including the hybrid and non-hybrid 

composites for both weft and warp directions, are 

summarised in table (2). 

 

The non-hybrid glass woven composite in the weft 

direction displays a higher magnitude of RDC and 

rate compared to the hybrid composite (Similar 

values obtained for warp direction for hybrid 

composite specimens).  The results of RDC and rate 

activities during the tensile tests are summarised in 

table (2) and graphically presented in figures (3) and 

(4) respectively. The zone classification technique 

has been utilised for each composite tensile test.  The 

features at the knee points and ultimate tensile 

strength in each curve possess distinct values.  A 
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higher magnitude of the AE at ultimate tensile 

fracture recorded for the non-hybrid composite. The 

higher the AE activity the greater is the damage. The 

damage refers mainly to layer delamination and fibre 

rupture.  A lower value of AE recorded for the hybrid 

composite.  This is because of the fibre debonding in 

the off-axis of the laminate, and fabric weaving 

distortion including specimen misalignment. The AE 

activity represents different micromechanical failure 

mechanisms as indicated by the SEM and visual 

examination of tensile fracture surface. 

The visual specimen examination shows the tensile 

mode failures of the hybrid composite weft direction 

in figure (7a) and the non-hybrid composite in figure 

(7b).  The hybrid specimen after fracture remains 

coherent and shows signs of stability, indicating good 

composite reinforcement.  The non-hybrid composite 

indicates signs of complete longitudinal fibre rupture 

and fibre bundle pullout.  The SEM micrograph for a 

tensile specimen of non-hybrid woven glass fabric 

composite (weft direction) at 48% Vf has been 

examined. The SEM micrograph figure (6) shows 

fibre bundle delaminating in the transverse-axis 

created by weave crimp and undulation in the 

composite indicating poor tensile strength and poor 

off-axis strength and signs of complete longitudinal 

fibre rupture. 

  

The SEM micrograph further reflects in figures (8) 

the presence of surface debris and shear cusps of the 

matrix on the fiber surface specifies a good 

fibre/matrix bond.  It believed that the presence of 

surface debris and cusps of the matrix on the fibre 

surface might possibly lead to layer delamination.  

The regular hackle pattern dominates the fracture 

surface left by fibers after shear failure.  The 

initiation of the fibre/matrix debonding on the 

fractured surface of the hybrid composite follows 

from multiple fibre debonding and a well-developed 

interphase formed by the hybrid woven composites.   

The visual specimen examination and SEM evidence 

suggest that the variation in the results is due to 

differences in the interphase property.  The 

interphase property generated by fibre coating and 

their interaction with the matrix reveals that the 

coating is influenced by the fibre properties that 

necessitate changes in the overall fracture 

performance of the specimen. 

 

CONCLUSION 

 The higher level of UTS and tensile modulus is 

associated with the hybrid composite in the weft 

direction compared to that of non-hybrid composite 

see table (1).  This occurrence is due to presence of 

the R-glass in the hybrid composite (weft direction).  

The result shows the level of UTS and tensile 

modulus of the hybrid composite and non-hybrid 

composite (warp direction) are in close proximity to 

each other, the outcome is due to the presence of the 

E-glass only in the warp direction for both 

composites.  This clearly demonstrates the variation 

effect of fibre mechanical properties on the tensile 

property of the non-hybrid composite. 

 The tensile specimen of the hybrid composite 

(weft direction) remains coherent in one piece with a 

change in the alignment.  The tensile specimen of the 

non-hybrid split into two pieces specifies complete 

longitudinal fibre rupture; hence, indicating the 

tensile strength of hybrid is superior to that of the 

non-hybrid.  Meanwhile, the tensile specimen of the 

hybrid and non-hybrid composites (warp direction) 

broke into two pieces resulting in lack of 

improvement in tensile strength pertaining to warp 

direction.  

 SEM micrograph for non-hybrid composite 

indicates signs of complete longitudinal fibre rupture 

and fibre bundle pull out. While SEM micrograph for 

hybrid composite signifies presence of surface debris 

and shear cusps of the matrix on the fibre surface 

indicating a good fibre/matrix bond and a well-

developed interphase formed by the hybrid woven 

composites. The regular hackle pattern dominated the 

fractured surface left by fibres after shear failure. 

 The activity levels of AE in the non-hybrid 

composites (weft direction) compared to that of 

hybrid composites is higher (figure 4). On the other 

hand, AE activities display the hybrid and non-hybrid 

composite (warp direction) hold identical values 

(table 2 and figure 3). This clearly demonstrates the 

strength of R-glass and its resistance to tensile stress 

in the composite. 
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APPENDIX 

Table 1: comparison of tensile test results between non hybrid and hybrid glass woven composites. 

 

Table 2: AE activity under tensile of non-hybrid and hybrid woven composites

 

 
 

 Plain weave   Twill weave   Satin weave 

Figure (1): three different weave patterns of fibre woven fabrics. 

 Plain weave      Twill weave   Satin weave 

Figure (2) the difference in drapability between various weave patterns 
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Figure (3) the tensile stress-strain and its AE ring down count activity curves of hybrid and Non-hybrid woven fabric 

composites (warp direction). 
 

Figure (4): the tensile stress-strain and its AE ring down count activity curves, of the hybrid and non-hybrid woven 

composites (Weft direction). 

Figure (5): the tensile stress-strain and its AE-RDC curves of hybrid and non-hybrid woven fabric composites (weft 

direction). 
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  (a)       (b) 

Figure (6) SEM view of the failure in non-hybrid tensile specimens at 48% Vf. 

 

(a) (b)  

Figure (7) The visual examination of the failure in tensile specimens surface after test.  

(a) hybrid at 48%Vf,    (b) non-hybrid at 48%Vf . 

 

(a) (b)  

Figure (8) SEM view of the failure in hybrid tensile specimens at 48% Vf. 
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