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Abstract 

Sandwich fiber metal laminates (FMLs) grabs significant growing attention 

among disparate engineering industries such as defense, aerospace and 

commercial vehicle manufacturers, due to its improved mechanical, thermal 

and electrical properties. Over the past few decades, FMLs were used as an 

impeccable identical for classical fiber composites like carbon and E-Glass. 

This prospective work interrogates mechanical behaviour of Basalt/Kevlar/AA 

8090 reinforced FML fabricated by hand layup - compression moulding 

process. The low-velocity impact, flexural and tensile behavior of fabricated 

FMLs were calculated by various mechanical testings done as per ASTM 

standards. Fractured surface of the FML also analyzed by scanning electron 

microscopic images for understanding the fracture behavior of the proposed 

outcome. 

Keywords: Fiber metal laminate, Basalt, Kevlar, Al 8090, Flexural, Low 

velocity impact, compression moulding. 

 

1. INTRODUCTION 

Fiber reinforced composites has a significant impact in production of engineering 

materials. It occupies huge percentage in the total fabrication due to its admirable 

mechanical properties like strength to weight ratio and cost-effectiveness. Recent 

researchers focusing on use fiber reinforced metal laminates for various automobile 
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applications such as bonnets, frames, and floorings [1]. Carrillo developed self-

reinforced poly propylene matrix FMLs to carry out flexural and impact tests and 

expressed that FMLs shows better stability and reliable than other conventional fiber 

thermoset matrix laminates [2]. Aramid Reinforced Aluminium Laminate (ARALL) 

fabricated by adhesive bonding possess more fatigue and impact resistance than 

similar kind of mechanically joined structures [3].   

Hu fabricated PMR polyimide carbon/Titanium FMLs and reported that anodization 

induces surface roughness on the titanium which possess better bonding between 

metal and polyamides. Due to the rigid bonding, proposed FMLs shows better 

mechanical properties in both room and elevated temperature working environments 

[4]. Santhosh fabricated GLARE composites by compression moulding technique and 

reported that higher of fiber metal volume fraction (up to 70%) possess better 

mechanical properties and minor crack propagation [5]. Ali experimentally studied 

mechanical and corrosion behaviour of titanium-carbon fiber/epoxy FML and carbon 

fiber/epoxy composites and expressed that the mechanical property reduction in 

Titanium FML is very minimal when compared to CF/E composites [6].  

Aluminium sheets in the FMLs improves stiffness of the laminates and provides 

reasonable ductility over entire structure [7]. Weight fraction of reinforcement and 

matrix material plays vital role in the superior mechanical properties of fiber 

composites. Impact energy absorption behaviour of the composites were greatly 

improved by altering stacking sequence and use of filler material [8, 9]. Fatigue and 

impact behaviour of the FMLs fabricated by using hand layup compression moulding 

varies with respect to different stress and loading conditions also the maximum 

energy absorption depends on the ratio of energy dissipation [10, 11].  

The above studies clearly shows that fiber reinforced metal laminates especially 

Kevlar and basalt are widely used in various domains of engineering to obtain 

ultimate material performance. In this proposed research Basalt/Kevlar/Al 8090 FMLs 

were fabricated by compression moulding process and its tensile, flexural and low 

velocity impact behaviour studies were done. Fracture surface analysis also done by 

SEM analysis.        

 

2. MATERIALS AND METHODS     

2.1 Materials            

In this present work basalt and Kevlar fiber hybrid laminates and aluminium 8090 

metal plates were used for fabricating FMLs. Basalt and Kevlar fibers were supplied 

by Hindustan composites ltd, Maharashtra. Epoxy resin matrix LY 556 (density - 0.9 

g/cm3, viscosity - 1.25x104 cP) and hardener W152 LR (density - 1.2 g/cm3, 

viscosity 1.30x104 cP) were supplied by Aishwarya polymers, Coimbatore, 

Tamilnadu. The properties of fiber reinforcement and aluminium metal plates as 

mentioned by supplier were depicted in table 1 and 2 respectively.    
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Table 1: Properties of Fiber Reinforcement Materials 

Fiber 
Specific 

Gravity 

Max Temp. 

of Application 
(oC) 

Elongation 

at Break (%) 

Elastic 

Modulus 

(GPa) 

Tensile 

Strength 

(MPa) 

Kevlar 1.75-1.95 400 0.5-1.5 230-800 2900-3450 

Basalt 2.65-2.8 650 3.1 -6 93-110 3000-4840 

 

Table 2:  Properties of Aluminium Metal Plate 

Material 

Modulus 
of 

Elasticity, 

GPa 

Tensile 

strength 
MPa 

Yield 
Strength 

MPa 

Fatigue 

Strength, 

MPa 

Poisson 
ratio 

Density, 
g/cc 

Al 8090 70.05 420 315 105.6 0.33 2.70 

 

2.2 Composite Fabrication            

The Kevlar/basalt/Al 8090 composite sandwich was fabricated by room temperature 

hand layup followed by compression moulding method with the volume fraction ratio 

of 60:40. The unidirectional FML laminates are arranged in the laminate sequence of 

K-B-K-B-AA8090-B-K-B-K. Kevlar and basalt fibers are alkaline pre-treated and 

surface of aluminium plates were grooved inversely in order to achieve good bonding 

between fiber and Al plates. FML with the dimension of 300mm x 300mm x 5mm 

were fabricated and surface smoothened by abrasive machining process. Similarly test 

specimens for mechanical testing were cut as per ASTM standard by using saw cutter. 

Fabricated fiber metal laminate is depicted in figure 1. 

 

Figure 1: Fabricated Sandwich Composite 
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2.3 SPECIMEN PREPARATION AND TESTING 

Three tensile test specimens were prepared for testing as per ASTM standard to get 

accurate results. Tensile tests were done repeatedly for all the three specimens in FIE 

11/98- 2450 make universal tensile testing machine.  Three point bending flexural test 

was carried out in the Instron 4486 UTM with the specimen dimension of 80mm x 

13mm x 5mm (ASTM 790). Similarly izod impact tests were done in the AIT-300N 

impact pendulum testing machine (ASTM D256). For each testing three specimens 

were tested and the results were reported. Figure 2 shows the prepared tensile, 

flexural and izod test specimens. 

 

      

Figure 2: Tensile, Izod and Flexural test specimens - Before test 
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3. RESULTS AND DISCUSSION 

The results obtained through various experiments like tensile, flexural and impact 

tests were presented for the investigation. Figure 3 represents tensile results of the 

specimens. Three samples were tested to acquire the average tensile strength of the 

FML specimens.  
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Figure 3: Tensile Results - a) Stress-strain curve, b) Load-displacement curve 

 

Stress strain relationship curves clearly indicates that the gradual increase in strain 

rate for the corresponding stress levels. It has been identified that specimen 2 possess 

lower strain values because of the moderate bonding of fiber and metal laminate in 

that particular region. Similarly the force – displacement curve indicates that fiber 

metal laminates shows better resistance towards applied force.  

Figure 4 and 5 represents flexural and impact test results of the specimens 

respectively. The proposed FML possess excellent impact and flexural properties than 

any other fiber reinforced polymer laminates. It is due to the combination of kevlar 

and basalt fibers, where Kevlar is well known for its impact resistance and energy 

absorption and basalt fiber is for better mechanical and thermal properties.  
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Figure 4: Flexural Results - a) Stress-strain curve, b) Load-displacement curve 
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Figure 5: Izod Impact test results 

 

Scanning Electron Microscopic Analysis 

The SEM images of fractured specimen surfaces were shown in figure 6. It represents 

that the bonding between metal and fiber laminates are rigid enough to form uniform 

stress concentrations in FML.  

 

      

Figure 6: SEM Images of Fractured Surfaces 

 

Microstructure SEM analysis reveals that delamination’s and pull outs present in the 

fractured samples. Mostly minor de bonding and fiber pull outs occurred between 

fiber and metal. The damage tolerance of metal gets improved with the fiber usage. 

Equivalently the energy dissipation and absorption behaviour of kevlar/basalt fibers 

protects the metal plate from the fracture.  
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4. CONCLUSION 

In this proposed research kevlar/basalt/Al 8090 reinforced metal laminates were 

prepared by hand layup compression moulding to study its mechanical properties. 

From the experimental results the following outcomes has been obtained. 

 FML shows great tensile modulus and strength with the increasing stress 

conditions than conventional fiber reinforced polymer matrix laminates. 

 The inverted groove technique and alkaline pre-treatment of fibers moderately 

enhances fiber and metal bonding. 

 Flexural and impact properties are intensively great in the FMLs due to the 

hybrid reinforcement of basalt and kevlar fibers. 

 SEM microstructure analysis clearly indicates the delamination, de bonding, 

cracks and pit formations of the fractured samples. 

 The fabricated hybrid sandwich structure is preferably suitable for high 

strength commercial automobile applications like floorings, frames and 

bonnets.   
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