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Abstract: This study is to examine the feasibility to make propeller blades intended for use in 

marine applications out of inexpensive, lightweight materials. Based on aberration, pliableness, 

perseverance, strain intensity packed up threshold, accessibility, and diaphanousness. Mechanical 

characterization of basalt fibre/epoxy was investigated. The results revealed that composite with 

60% reinforcement exhibited with optimum mechanical property. The static analysis conducted to 

examine the advantages of composite materials for propellers in the marine industry, Epoxy/Basalt 

fibre is a fantastic invention. Epoxy/basalt fibre propeller with 60% reinforcement resulted in a 

lightweight propeller as contrasted to contemporary metal alloy propeller. 

 

Keywords: Composite Material, Marine application, Material properties, Static structural, 

Propeller, Basalt fibre. 

 

1.  Introduction 

A crucial and intricate component needed for the 

arbitrary hydrodynamic intensities and coercion during 

submerged thruster is the propeller blade. Standard 

metallic components are typically used in propeller blade 

construction due to high yield potency and dependability. 

Besides the metallic blades have indigent acoustical 

dampening attributes, which can result in term of noise 

from structural resonance, oxidation, pitting degradation, 

and endurance rupture. Propeller attainment is crucial 

since it influences the machinery's overall effectiveness1). 

Fixed pitch propellers (FPP) and Controllable pitch 

propellers (CPP) are the two kinds of propellers utilized 

in vessels on a professional basis. When compared to 

fixed pitch propellers, which have static pitch and 

thicken as they move from the boss to the blade tip, 

controllable pitch propellers (CPP) have a changeable 

pitch. The front and rear of rotor are fixed in place, rotor 

pitch is consistent during each round. Such features set it 

apart from a standard screw propeller. The cycloidal 

propellers become more susceptible to loading 

fluctuations because of the aforementioned factors2). The 

vessel travels ahead because every motion does have an 

identical and inverse response, resulting in the rotor 

generates a pressure gradient on the front and back edge 

of the propeller and accelerates fluid behind the rotors. 

The interior propeller geometry is affected by the 

pressure gradient, which results in the development of 

the dynamic and static stresses as well as a deformation 

of the propeller blades3). The crank shaft, interim rod, 

and its supports, as well as the stern tube wheel and its 

bearings, all provide rotary movement that is used to 

transfer thrust to drive the vessel. The blade itself then 

completes the rotating motion chain. A variety of naval 

constructions are now being created employing 

composite materials to improve operating efficiency 

while lowering maintenance costs. Composites possess 

capability to significantly lower procurement and 

life-cycle expenditures while also improving ship 

reliability and effectiveness. Several different naval 

constructions are now being explored employing fibre in 

forced polymer composites. The necessity to improve 

effectiveness and efficiency is motivated this 

advancement. Composites have a tremendous deal of 

capability in today's harsh environmental circumstances. 

The composite shows enhanced wear behaviors nearly to 

60% over a prolonged time frame in a diversified 

condition, including adhesive, abrasive, and erosive4). 

Utilizing the nano fillers improves the mechanical and 

tribological characteristics as well as the bonding 

between the fibres and the matrix5-9). Composites are 

captivating because to their light weight, relatively 

inexpensive, great oxidation resistance, and outstanding 

hardenability10-11). Preponderance of these innovative 

tasks was influenced by the desire to combat issues with 

corrosion that metallic materials faced12). During 1950s 

these composite structures begin to install in the ship and 
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submarines with the length less than 15 m, while lengths 

have continuously risen over time, all composite naval 

ships may now reach lengths of 90 meters. The structural 

weight of naval craft made up of composite material 

approximately 10% lighter than aluminum and 36% 

lighter than steel. The feasibility of exploring the 

potential of composites in superstructure, advanced mast 

system, bulkheads, decks, propellers, valves, heat 

exchangers, propulsion shafts, rudders, pipes and ducts13). 

Marine facilities and industries suffer from maritime 

biofouling. It is effective to control biofouling by using 

coatings with biocide release and nonbiocide release 

properties14). It is important for manufacturer to have a 

thorough understanding of how their actions affect the 

environment in order to improve their practises in the 

face of stringent and harsher environmental regulations. 

Considering that environmental regulations are the 

primary force behind the watercraft construction sector15). 

Presuming differing interfacial slip rates between the 

normal propeller and the propellers covered with the 

hydrophobic substance, it may be said that the propellers 

treated with the hydrophobic material are effective16). 

Weight curtailment is still important, especially for the 

top side weight of commercial ships. Vessels and its 

structures are particularly vulnerable to damage by salt 

and corrosive sea water. The use of thermoset composites 

in particular element can diminish serviceability due to 

the capacity of composites to withstand oxidation and 

endurance. The most popular type of reinforcing material 

used in maritime applications remains E-glass fibre, 

which offers elevated tensile strength and ultimate tensile 

strain in addition to great protection to dampness and 

chemical abrasion. Glass cannot compare to the strength 

and rigidity of carbon fibre. The composite of a carbon 

fibre in addition with other fibre have a capability to 

enhance the tensile and flexural characteristics17). Yet the 

price of these fibres is far more than the price of glass 

fibres, structures composed completely of carbon fibre 

are not inexpensive, and ship designers are finding the 

usage of hybrid laminates to be quite alluring18). 

Whenever the friction and wear are significant, many 

manufacturers try to substitute the standard materials in 

the vehicles with biodegradable ones19). The 

manufacturers have often placed a high priority on the 

creation of novel materials that meet market demands, 

and experts have accomplished the task of finding 

alternatives to the traditional materials to meet the needs 

of their customers20). Due the strength and rigidity, 

availability, recyclability, and disintegrate, natural fibres 

have the capability to be employed as reinforcement in 

composite materials21). The fibre treatment enhances the 

bonding between the reinforcement and matrix22). Basalt 

fibre is a natural fibre obtained by melting volcanic 

igneous basalt rocks. Basalt fibre is referred to as the 

"Non pollutant and ecofriendly substance of the 

twenty-first century" These natural fibres are 

exceptionally strong mechanically, chemically diverse, 

extremely abrasion resistant, and cost-effective. Basalt 

fibre has been recognized as a possible replacement 

material to address the cost and effectiveness constraints 

of conventional composites materials because it provides 

enhanced results that are equivalent to S-glass fibre and 

superior to E-glass fibre. In terms of tensile properties, 

basalt fibre is comparable to glass fibre and has a higher 

working temperature than both glass and carbon fibre. It 

is suitable for usage in difficult environments because to 

its outstanding usefulness temperature and chemical 

barrier properties. The pace at which molten lava cools 

has a significant impact on the micro structural 

components of basalt rock. Basalt fibres can survive a 

pH of nearly to 13 or 14, making them resistant to an 

alkaline environment, but they are less stable in strong 

acids. Moisture regains and basalt fibre moisture content 

is less than 1%23).  These natural fibres provide strong 

intransigence to deterioration by chemicals, dampness 

absorption, in both acidic and alkaline conditions. Basalt 

fibre retains superior mechanical qualities in oxidative 

medium than glass fibre24).  

 

 

Fig.1: Propeller blade assembly details 

 

In order to investigate the possibility for maritime 

rotor use, a FRP composite rotor blade has been 

constructed utilising a particular closed moulding created 

for hand lay-up approach25). The analysis on a 

modeled marine propeller that meets a given need while 

managing the effects of several factors26). The designed 

rotor is mathematically broken down using the 

framework approach and ANSYS. Compiled and 

analyzed the deformation, stress, and strain results for 

both composite and metallic propellers. The approach of 

hand layup was used to prepare the blade. ANSYS was 

used to do a numerical investigation to look at the 

deformation and stress influences under the static loading 

condition. According to their findings, when produced 

composite rotors were fastened with hub together instead 

of epoxy adhesive bonding, stress localisation and 

delamination were increased. The lightweight and more 

advantageous composite rotors are superior to traditional 

metallic propellers27).  

 

2.  Materials and methodology 

One of a maritime vehicle's essential parts is its 

Blade 

Hub 
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propeller. Typically, rotor blades are made of metallic 

materials. Epoxy is employed as the matrix phase in the 

current investigation, with basalt fibre serving as 

reinforcement.  

 

2.1 Selection of composite material 

• Basalt fibre (Bi directional woven fabric) 

• Epoxy resin 

• Hardener 

• Mould releasing agent (PVA). 

 

The parameters of the matrix phase and reinforcing 

phase are displayed in Tables 1 and 2, respectively, 

below. 

Table 1. Properties of Basalt fibre. 

Properties Values 

Tensile Strength (Gpa) 4.84 

Modulus of Elasticity (Gpa) 93.1 

Elongation at Break (%) 3.15 

Density (g/cm3) 2.7 

 

Table 2. Properties of Epoxy resin. 

Properties Values 

Tensile Strength (Mpa) 75 

Modulus of Elasticity (Gpa) 4.5 

Specific strength (Mpa) 36 

Pot life at 200 C 2 hrs 

 

Along with the preference of matrix and reinforcement, 

the composite's production process plays a significant 

role in determining the material's final properties28). 

Hand layup methodology is adapted for fabrication for 

specimen with the dimension of 300 x 300 x 4 mm. The 

fabricated panels were cut to the required dimension. 

Stacking up the layers in the mould alternately and 

matrix was deposited at the same time. The process of 

lying down as the matrix with reinforcement in the  

 

Fig.2: Fabricated composite laminates 

 

Table 3. Composition of composite material. 

Sample name 

Reinforcement 
Matrix 

(wt%) 
Basalt fibre 

(wt%) 
Layers 

B (S1) 60% 18 40% 

C(S2) 50% 15 50% 

D(S3) 40% 12 60% 

E(S4) 30% 09 70% 

 

mould with die is kept inside the hot hydraulic press 

machine at pressure of 100 bar with temperature of 700 
oC. Allow the specimen to cure adequately in the hot 

press machine for 24 hours. 

 

3.  Mechanical characterization 

3.1 Tensile test 

The Tensile test is carried on Mecmesin MultiTest-xt 

UTM with capacity of with 10 kN. To determination of 

the tensile behavior of reinforced polymers in the form of 

dog bone shaped test specimens with Universal Testing 

Machine according to ASTM D638 standard. 

 

 
 

Fig.3: Tensile specimens 

 

The five test samples are examined for every result 

before the mean is determined. Figure 3 displays the 

Load versus Displacement plot of the collected results. 

   

 
Fig.4: Load vs displacement graph for tensile specimen 

 

The 60BF:40E (S1) specimen has higher young's 

modulus and ultimate strength, whereas 30BF:70E (S4) 

reinforced composites exhibit the lowest young's 

modulus and ultimate values. It is observed that the 

tensile properties gradually increasing when the basalt 

fibre percentage increase from 30% to 60% and this in 

turn will increase the resistance to crack propagation by 

the bonding effect. The tensile strength of the fabricated 

composite material decreases by decreasing the 

percentage of basalt fibre as reinforcement24). 

Fractured surfaces 
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3.2 Flexural test 

The flexural test (3-Point Bending) has been 

conducted by using bending test fixtures on 

computerized UTM. The specimen is set up as per 

ASTM D790 standard. 

 

Fig.5: Flexural test specimens 

 

 
Fig.6: Load vs displacement graph for flexural specimen 

 

The specimens with the greatest Maximum load and 

UFS values are 60BF:40E (S1) reinforced composites, 

whereas those with the lowest Young's modulus and 

Ultimate Tensile Strength are composites reinforced with 

30BF:70E (S2). The enhancement obtained in flexural 

strength ascertains the compatibility of basalt fibre with 

epoxy. Basalt fibre has the more load bearing capacity 

when compared with other reinforcements used in 

composite. The presence of basalt fibre at upholds the 

interfacial bond among epoxy. For every increasing of 

fibre content there is a significant increase in flexural 

strength and modulus7). 

 

3.3 Impact test 

As per ASTM D256, the impact energy is investigated 

using an un-notched Izod impact test. A pendulum is 

used to shatter an unnotched sample that is 60mm long, 

12.5mm wide, and 4 mm thick. The sample is placed in a 

cantilever posture. Using a dial indicator which is 

mounted on the machine, the impact energy is computed. 

For every testing, five samples were collected and the 

results are averaged. 

 

 

Fig.7: Impact specimens 

 

The highest Maximum impact strength observed in 

60BF:40E (S1) specimen and the lowest impact strength 

observed in 30BF:70E (S4) specimen. Impact strength 

gradually increasing when the fibre percentage is 

increases. Consequently, more energy may be required 

for de-bonding the fibres. The improvement in impact 

strength of composite with the use of compatibiliser can 

be attribute to the improved fibre matrix interface 

between basalt fibre and epoxy matrix11). 

The Impact strength v/s Composition graph for the 

specimens with 60% fibre content, 50% fibre content, 

40% fibre content, and 30% fibre content. 

 

 
Fig.8: Impact strength vs Compositions 

 

3.4 Water absorption test 

Absorption of moisture from the atmosphere, there is a 

possibility of changing its specification which causes 

misalignment23). 

It is advisable to think about how water dispersion 

affects the constituent specimens in order to fully 

comprehend the impact of moisture absorption on the 

selected composite materials. As compared to other 

compositions, the sample made from the composition 

60BF:40E (S1) exhibited the highest level of water 

retention. Figure 9 shows different water absorption 

sample differences. 

Fractured surfaces 

Fractured surfaces 
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Fig.9: Water absorption vs Compositions 

 

4.  Static analysis 

4.1 Specification of propeller 

The parameters focused during propeller modeling 

research are, getting the lowest power needs, the least 

amount of pitting, disturbance, resonance, and the 

highest level of effectiveness at a suitable rotation29). 

Given the importance to the complexity30-31), composite 

propeller blades needed extremely precise manufacturing 

execution to withstand variational hydrodynamic forces 

and pressure while submerged drive. The Wageningen 

blade from the B-Series is more commonly employed on 

commercial ships. The B-Series blade has a fairly basic 

form. Such propeller's portion is contemporary, and it 

performs well. B-Series blades often come in a variety. 

The variables were used in design of the 3 blade 

propeller of right hand operation with the 1.15 pitch to 

diameter ratio and 37088 mm2 of total blade area. 

 
4.2 Specification of propeller 

The finite element programme ANSYS workbench 

was utilised for the numerical study of the blade. Both 

the skin and the spar of a blade are made of the 

composite material. Hexahedral shell elements were used 

to mesh all of the model's components (SHELL 181). 

 

4.3 Meshing 

Optimum mesh in which the element size for all four 

parts of the body was set. The numbers of elements are 

46296 and the numbers of nodes are 10409. 

 

 
Fig.10: Fine meshed model of propeller 

 

4.4 Boundary conditions 

 

Fig.11: Boundary conditions with applied load =3331 N  

 

Prior to solving, the boundary parameters were 

established. A hub is connected to a three-bladed 

propeller. The sites of contact between the blade and hub 

remained constant, and a thrust force of 3331 N was 

applied to the blades.  

 

Table 4. Properties of Basalt/Epoxy material. 

Properties Values 

Tensile modulus (Ex) 37700 MPa 

Tensile modulus (Ey) 5237 MPa 

Tensile modulus (Ez) 5237 MPa 

Poisson ratio (νxy) 0.2 

Poisson ratio (νyz) 0.21 

Poisson ratio (νzx) 0.21 

Shear modulus (Gxy) 2050 MPa 

Shear modulus (Gyz) 3630 MPa 

Shear modulus (Gzx) 3630 MPa 
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4.5 Composite propeller Static Structural Analysis 

 

Fig.12: Composite propeller total deformation 

  
Fig.13: Composite propeller equivalent stress 

 

 

Fig.14: Composite propeller elastic strain 

 

4.6 Metallic propeller Static Structural Analysis 

 

Fig.15: Metallic propeller total deformation 

 

Fig.16: Metallic propeller equivalent stress 

 

 

Fig.17: Metallic propeller elastic strain 

 

Hub, that becomes 60 mm in diameter, exhibits the 

minimal deformation, while a endpoint of the blade 

exhibits the most deformity. The maximum stress is 

recorded toward the region where the propeller and hub 

mate. Between the blade's centre and the hub, there is an 

extremely low. Highest strain is present towards the 

propeller and hub meet. In between hub and the centre of 

the propeller, a very low value is found. 
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4.  Conclusions 

The experimental and numerical analysis was 

performed on fabricated composite specimens and the 

following conclusions are drawn based on the 

observations. The present work infers that 60BF:40E (S1 

specimen) yields best ratio. 

• Flexural, tensile and impact properties are better for 

60BF:40E (S1 specimen) composition.  

• The 30BF:70E (S4) specimen shows that least water 

absorption property with 2.1%. 

• Use of Epoxy/Basalt fiber (60%:40%) leads to 20% 

weight decrease in propeller when compared with 

metallic propeller. 

• The numerical results show the good agreement with 

experimental results for optimum composition 

(60BF:40E). 
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