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Abstract 

The aerospace industry’s pursuit of lightweight, high-performance materials has led to increased 

interest in advanced composite materials, particularly carbon fiber-reinforced polymers (CFRPs) 

and hybrid composites. This study investigates the mechanical properties, environmental 

durability, and cost-effectiveness of CFRPs, glass fiber-reinforced polymers (GFRPs), and hybrid 

composites for use in lightweight aerospace structural components. Comprehensive testing was 

conducted to assess tensile strength, flexural strength, impact resistance, environmental 

degradation, and non-destructive internal integrity. The results revealed CFRPs surpassed GFRPs 

and hybrid composites in aerospace applications because they delivered higher tensile strength at 

1800 MPa as well as better impact resistance at 300 J/m².  Hybrid composites reached a tensile 

strength level of 1500 MPa and impact resistance of 400 J/m² resulting in equivalent performance 

to each other yet GFRPs did not show suitable outcomes in mechanical tests or environmental 

durability assessments.  Aging durability tests showed that CFRP and hybrid composites 

maintained their tensile strength within 5% and 7% but GFRP experienced a 20% weakness.  

Non-destructive testing of CFRP components showed better reliability because it detected lower 

numbers of internal defects.  The initial expense of GFRPs proves reasonable because these 

materials deliver superior performance throughout an extended lifespan although they are priced 

competitively regarding raw materials together with production expenses.  Research shows that 

hybrid composites offer a suitable substitution for high-performance aircraft components next to 

CFRPs with superior cost-performance values.  A valuable material assessment system for 

aerospace applications becomes essential due to this research which reveals the need for 

balancing performance durability and cost-effectiveness in selection processes. 
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1. INTRODUCTION

The aerospace industry operates systematically to 

develop material innovations which both boost 

performance capabilities and deliver efficient 

sustainable construction solutions.  Weight 

reduction elements represent a fundamental 

requirement for these goals as they need to perform 

correctly in aerospace applications.  Advanced 

composite materials have become market leaders 

because aluminum and titanium materials achieve 

reduced performance rates at high strength-to-

weight ratios.  Aircraft technologies need CFRPs 

coupled with GFRPs and hybrid composites to form 

key materials since these composites jointly enable 

superior strength performance and enhanced 

durability and reduced weight. 

 Aircraft manufacturers select lightweight materials 

as their main focus targets three essential objectives 

which include decreased fuel consumption together 

with lower production costs and compliance with 

environmental sustainability standards (Johnson et 

al., 2022).  Extreme operating conditions of flying 

vehicles require their structural components to resist 

high stress levels that happen alongside elevated 

temperature and dynamic loading environments.  

Materials used for aircraft manufacturing require 

characteristics that include low weight combined 

with superior mechanical features which include 

notable tensile strength and resistance to fatigue and 

impact damage (Bhatti et al., 2023; Li et al., 2021).  

Aerospace engineers conducted research regarding 

different advanced composite materials used to 

support industrial requirements. 

 Composite materials achieve their status as 

essential material components because of their 

manufacturing transformation possibilities along 

with matrix composition and fiber orientation 

conditions (Patel et al., 2022).  Engineers optimize 

aerospace component properties by developing 

specific design requirements for wings and control 

elements and fuselage elements.  The application of 

composite materials throughout an aircraft results in 

significant weight decreases which reduces both fuel 

usage and environmental emissions according to 

Thompson and Lee (2023).  The excellent 

performance advantages of composites meet 

multiple hurdles to adoption because of their costly 

manufacturing processes and complicated 

production methods and performance reduction 

issues (Zhao et al., 2021). 

Knowledge deficiencies regarding composite 

materials behavior when subjected to violent 

conditions such as high-speed crashes with 

concurrent thermal cycles and material deterioration 

constitute important critical problems.  The 

interaction of composite materials with humidity 

and temperature changes as well as UV radiation 

causes their mechanical properties to diminish with 

time (Sharma et al., 2021).  Confirming internal 

material damage in composites creates difficulties 

during maintenance inspections because it reduces 

the ability to accurately inspect components (Yang 

& Zhang, 2022).  The research needs to analyze 

present challenges and identify new composite 

materials alongside their practical applicability for 

aircraft purposes. 

 Research of improved composite materials for 

aircraft structure components develops as a solution 

to industrial performance challenges.  Peforming 

assessments on various composite materials in 

aerospace applications stands as the leading goal so 

https://journaleep.com/index.php/JEEP/index
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researchers can analyze their mechanical 

characteristics and monetary value alongside 

durability aspects.  Science provides researchers 

with strong sustainable materials for aerospace 

buildings through a comprehensive evaluation of 

contemporary materials and production techniques 

(Singh & Tiwari, 2023). 

 Current developments in nanocomposites and bio-

based polymers lead to better performance results 

for lightweight components (Ali et al., 2024).  These 

materials decrease the emission levels of 

manufacturing operations and waste management 

impact (Cai et al., 2023) thus solving environmental 

issues same to traditional composite materials.  The 

field of science studies hybrid composites by 

combining multiple fibers and matrices for 

achieving optimal performance in specific 

applications (Ghosh & Sen, 2021).  Advanced 

materials remain crucial for next-generation 

aerospace innovation development because 

industrial needs sustainably designed aircraft that 

deliver increased performance ability and higher 

efficiency (Bansal et al., 2022). 

 The paper evaluates existing research on advanced 

composite materials by identifying unaddressed 

gaps to propose directions for future subject research 

regarding this topic.  A comprehensive assessment 

of advanced composite utilization for enhanced 

aerospace structure durability is conducted to 

support aerospace industry advancement as stated 

by Mishra et al. (2023). 

2. METHODOLOGY: 

This research aims to assess whether advanced 

composites have potential as materials for 

constructing lightweight elements used within 

aircraft structures.  The study investigated both 

mechanical properties along with performance and 

durability of composite materials when tested under 

Aerospace-enforced conditions.  Researchers 

studied three composite types which included hybrid 

composites alongside GFRPs and CFRPs after 

eliminating a wide selection of materials.  The 

chosen materials fit well for aerospace components 

and exhibited promising weight efficiency ratios 

alongside their suitable material properties.  An 

extensive assessment of published research about 

composite technology development helped identify 

promising aerospace materials along with their 

applications according to Ravi et al. (2021) and 

Kumar & Gupta (2022).  The evaluation of 

operational aircraft stresses relied on tests done to 

measure tensile strength combined with flexural 

strength and impact resistance on these materials. 

The evaluation team followed uniform testing 

procedures that combined resin transfer molding 

with hand lay-up on all composite materials for the 

purpose of result duplication.  Real-life results were 

obtained through accelerated aging tests which 

subjected materials to heat exposure with combined 

UV and humidity conditions.  The tests developed 

for aerospace applications measured aerospace 

components' responses to extreme operating 

conditions which mimic typical aerospace 

conditions (Sharma et al., 2021).  Inner composite 

material inspection combined non-destructive 

testing (NDT) through X-ray imaging and ultrasonic 

testing for damage assessment (Yang & Zhang, 

2022).  The analyzed test outcomes underwent 

statistical examination to detect connections 

between assessment findings and manufacturing 

procedures and material construction methods.  

Through life cycle cost analysis one can determine 

total material effectiveness despite assessment of 

raw material costs and manufacturing complexities 

since this method offers comprehensive insights 

regarding composite materials for mass aircraft 

manufacturing.  This projectexists to steer future 
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commercial aircraft production towards 

environmentally responsible enhanced materials. 

3. RESULTS: 

The section reveals the complete investigation 

results regarding innovative composite materials for 

aerospace parts design.  The data acquired from 

mechanical testing along with environmental testing 

and non-destructive testing (NDT) and cost-

effectiveness analyses is organized with the help of 

tables and graphical representations.  The study 

tested hybrid composites together with GFRPs along 

with CFRPs under conditions intended to resemble 

aircraft environments. 

 Table 1 presents data about tensile strength flexural 

strength and impact resistance which are key 

mechanical properties for aerospace suitability 

evaluations.  CFRPs demonstrate superior tensile 

strength compared to GFRPs and hybrid composites 

according to Table 1 yet GFRPs prove more impact 

resistant as Figure 1's representation reveals the 

tensile strength results. 

Table 1: Mechanical Properties of Composites 

Material Tensile Strength (MPa) Flexural Strength (MPa) Impact Resistance (J/m²) 

CFRP 1800 1200 300 

GFRP 1200 800 500 

Hybrid Composite 1500 1000 400 

The accelerated aging experiments yield their results 

which simulate aircraft construction conditions 

through Table 2.  The materials experienced 

degradation from high heat in combination with 

humidity levels and ultraviolet rays.  The aging 

experiments demonstrated minimal deterioration of 

mechanical properties in CFRPs and hybrid 

composites since they experienced a small decrease 

in their mechanical behavior.  Impact resistance 

levels took the brunt of deteriorative effects that 

affected GFRP materials during experimental 

testing.  The figure 2 demonstrates how impact 

resistance decreases throughout environmental 

testing time. 

Table 2: Environmental Testing Results 

Material 
Temperature 

(°C) 

Humidity 

(%) 

UV Exposure 

(hrs) 

Tensile Strength 

Loss (%) 

Impact Resistance 

Loss (%) 

CFRP 75 85 1000 5% 10% 

GFRP 75 85 1000 20% 35% 

Hybrid 

Composite 
75 85 1000 7% 12% 

The findings from non-destructive testing (NDT) 

contain X-ray imaging and ultrasonic testing (UT) 

results as presented in Table 3.  The main goal 

involved discovering degrading conditions or voids 

inside the composite materials.  NDT results 

confirmed CFRP components contained fewer 

https://journaleep.com/index.php/JEEP/index
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internal defects compared to GFRP and hybrid 

composite structures thus affecting their aerospace 

component long-term structural durability.  The 

general cost-effectiveness analysis of materials 

appears as a pie chart in Figure 3 

Table 3: Non-Destructive Testing Results 

Material Voids (%) Internal Defects Detected (UT) X-ray Defects (Size in mm) 

CFRP 1.5 2 0.5 

GFRP 4.0 5 1.2 

Hybrid Composite 2.0 3 0.8 

A cost-effectiveness analysis through Table 4 

evaluates the composite materials by their 

production costs alongside raw material expenses 

and lifespan expenses.  GFRP demonstrates a more 

affordable product price with reduced 

manufacturing expenditures although it lacks the 

durability of CFRP.  The internal voids and impact 

resistance data is displayed in the scatter plot of 

Figure 4.   

Table 4: Cost-Effectiveness Evaluation 

Material 
Raw Material Cost 

(USD/kg) 

Manufacturing Cost 

(USD/kg) 

Lifecycle Cost 

(USD/kg) 

CFRP 50 60 110 

GFRP 30 40 70 

Hybrid 

Composite 
40 55 95 

The comprehensive performance ratings of the 

composites emerge from Table 5 which includes 

mechanical assessments and environmental stability 

with non-destructive inspection results in addition to 

cost-effectiveness analysis.  A weight-based 

calculation system evaluated each component 

according to aerospace sector needs to arrive at these 

results.  The first overall placing went to CFRP after 

hybrid composites and GFRPs.  Figure 5 displays 

the general performance scores about every material 

through bar graphs. 

Table 5: Overall Performance Scores 

Material 

Mechanical 

Performance 

Score (Out of 

10) 

Environmental 

Resistance Score 

(Out of 10) 

NDT 

Integrity 

Score (Out 

of 10) 

Cost-

Effectiveness 

Score (Out of 

10) 

Overall 

Performance 

Score (Out of 

40) 

CFRP 9 8 9 6 32 

GFRP 7 5 6 9 27 

Hybrid 

Composite 
8 7 8 8 31 

https://journaleep.com/index.php/JEEP/index


 

 
 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. 

SYNAPSE EDUCATIONAL RESEARCH INSTITUTE (SMC-PRIVATE) LIMITED Vol: 3 -- Issue: 1, 2025 

16 
Journal of Engineering Education and Practice 

 

Figure 1: shows the tensile strength comparison between the materials. 

 

Figure 2: presents a line graph illustrating the degradation in impact resistance over time under environmental 

testing. 

 

Figure 3 is a pie chart comparing the overall cost-effectiveness of the materials. 
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Figure 4 shows a scatter plot of the relationship between internal voids and impact resistance. 

 

Figure 5 illustrates the overall performance scores for each material in a bar graph format. 

4. DISCUSSION: 

The research outcomes about mechanical 

performance and environmental durability match 

existing investigations concerning advanced 

composite materials used in aerospace applications.  

Multiple studies including Adams et al. (2022) and 

Nguyen et al. (2023) establish that carbon fiber-

reinforced polymers (CFRPs) exhibit an exceptional 

strength-to-weight relationship when compared to 

traditional aluminum materials.  The tensile strength 

levels exceeded 2000 MPa for CFRPs based on the 

findings reported by Adams et al. (2022) which 

outperforms GFRPs and hybrid composites.  Our 

experimental findings validate CFRP readiness for 

aeronautical applications because we measured their 

tensile strength at 1800 MPa.  This study confirmed 

the results of Zhang et al. (2021) by showing that 

CFRPs and hybrid composites demonstrated good 

resistance to UV radiation and humidity during 

environmental testing.  The endurance tests indicate 

that CFRPs along with hybrid composites 

demonstrate strong resistance to aircraft-relevant 

demanding environmental factors which ensures 

their extended operational reliability. 

 Our cost-effectiveness study produces results that 

oppose previous research which included Kim and 

https://journaleep.com/index.php/JEEP/index
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Lee's (2023) findings about aerospace component 

materials. Hybrid composites demonstrated 

inadequate economic viability because material 

expenses balanced performance measures according 

to those authors.  While GFRPs maintained the 

lowest initial cost of materials and production costs 

they displayed insufficient mechanical capabilities 

and rigid sensitivity to environmental impacts which 

made them unfit for aerodynamic aircraft 

applications.  The cost analysis shows that despite 

their higher initial price points CFRPs remain a 

suitable investment because they deliver superior 

performance.  Patel et al. (2023) support this finding 

by indicating CFRPs represent the best material 

selection for critical aircraft frames because their 

extended service life and reduced maintenance 

requirements overcome their initial higher expense. 

5. CONCLUSION: 

The investigation determined that composite 

materials and hybrid composites with carbon fiber-

reinforced polymers (CFRPs) have outstanding 

capabilities for making lightweight structural 

aerospace components.  Results from mechanical 

testing under extreme environmental conditions 

demonstrate that CFRPs experience outstanding 

tensile properties alongside superior impact 

durability while showing minimal damage.  Non-

destructive testing discovered that CFRPs 

demonstrated lower internal weaknesses that led to 

their durable structure.  CFRPs' higher initial price 

offers extended service lifespan along with 

decreased maintenance needs that enables their 

utilization in critical aerospace components.  

Production expenses along with material costs 

provide cost-effectiveness to glass fiber-reinforced 

polymers (GFRPs) while their performance 

limitations and environmental pressure make them 

unsuitable for critical aircraft applications.  Aircraft 

development requires that materials must fulfill 

certain operational requirements by maintaining 

affordable price points alongside extended lifetime 

benefits.  As observed in past research examining 

aerospace CFRP adoption the current research 

validates the actual environmental characteristics of 

these materials.  The study backs current initiatives 

to create less expensive sustainable composites for 

aircraft engineering advancement.  Research must 

combine process enhancement with hybrid 

composite system investigation to optimize 

aerospace materials properties. 
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