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Abstract:- The goal of travelling faster than five times 

the speed of sound, or hypersonic travel, has enormous 

potential to transform global transportation, defence 

capabilities, and space access. However, materials and 

structures face severe obstacles because to harsh 

aerothermal conditions inherent in high Mach number 

trajectories. This work focuses on new approaches to do 

research for ceramics, composites, and refractory alloys 

that are essential for building hypersonic vehicles. 

Essential design concepts for primary structures, heat 

shielding, and propulsion systems are covered, 

highlighting the critical role that theory and 

computation play in comprehending the links between 

structure, property, and processing. The remarkable 

high-temperature capabilities, stiffness, strength, and 

corrosion resistance of ceramic materials are highlighted 

in the study as reasons for their increasing importance in 

aircraft applications. Based on their distinct features, 

titanium alloys, nickel aluminides, metal- matrix 

composites, carbon-carbon, and ceramic-matrix 

composites stand out as top choices for a high 

temperature. In pursuit of lightweight, high-

performance materials for hypersonic travel, this paper 

summarises ongoing research efforts, evaluates the state 

of the art, offers insights into technological hurdles, and 

identifies areas that require future improvement. To 

explore the complex field of hypersonic materials design 

and selection in this research, this paper hope to shed 

light on the critical role that materials science plays in 

pushing the boundaries of aerospace technology by 

investigating the special difficulties presented by 

hypersonic flight as well as the characteristics and 

potential of various material classes. 

 

I. INTRODUCTION 
 

The need for materials that can resist extreme 

conditions becomes increasingly critical as aerospace 

technology continues to push the envelope in terms of speed 

and performance. The development of hypersonic vehicles 

has undergone a spectacular rebirth due to the desire of 

ever- higher speeds and greater performance. With a speed 

that exceeds Mach 5, or five times the speed of sound, these 

state- of-the-art aircraft have the potential to transform not 

only military defense capabilities but also sub-orbital 

commercial travel and faster access to space. Though the 

idea of hypersonic flying has been around for a while, 

current developments in engineering have sparked renewed 
interest in the subject. The capabilities of contemporary 

hypersonic vehicles, which range from reusable space 

launch vehicles to boost-glide systems, are incomparable 

and are expanding the bounds of atmospheric flight. 

However attaining and sustaining steady functioning at 

hypersonic velocities brings with it a wide range of 
difficulties, especially in the field of materials science and 

engineering. [1] 

 

When it comes to hypersonic flight, aircraft are 

subjected to extreme aerodynamic heating, so selecting 

structural materials that are lightweight and heat-resistant is 

crucial. The hypersonic regime presents special and 

challenging conditions for building materials since it is a 

region where aero-thermal heating predominates over 

exterior aerodynamic flows. The development of specialized 

materials that can withstand the severe temperatures, 
thermal gradients, and pressures encountered during 

hypersonic flight is imperative to maintain structural 

integrity and performance. In past years, titanium alloy, 

aluminium alloy, and structural steel have been used in 

aircraft construction. Despite their strength and 

dependability, these materials frequently fall short of the 

strict specifications needed for hypersonic flight. Under 

these conditions, material design and selection for 

hypersonic applications become critical. Researchers are 

investigating a wide range of materials, such as 

composites, ceramics, and refractory metals. Each material 

has unique benefits and trade-offs for different subsystems 
and environmental circumstances. Cutting-edge research and 

innovation are being driven by the need to find materials 

that can withstand the extreme conditions of hypersonic 

flight, from fundamental structural components to thermal 

protection systems. [1-3] 

 

Hypersonic aircraft operating at extremely high 

temperatures, high pressures, and aerothermal stresses 

require durable materials. Because of their remarkable 

qualities, ceramics stand out among the wide range of 

materials that are being considered. Due to their exceptional 
resistance to oxidation and corrosion, high melting 

temperatures, stiffness, and strength, ceramics present an 

effective case for use in the harsh conditions of hypersonic 

flight. Ceramics are essential in aerospace applications 

because they shield vital components from the damaging 

effects of high heat flux and combustion conditions. 

Ceramic matrix composites (CMCs) are used in high-

pressure turbine sections and exhaust nozzles, where they 

offer prolonged operational lives under harsh conditions. 

Thermal and environmental barrier coatings protect aircraft 

turbine engines and rocket exhaust nozzles. Irrespective of 

their inherent benefits, poor toughness, variable mechanical 
properties, and intricate environmental impacts have 

prevented ceramics from being widely used in aerospace. 

The process of material design and validation is made more 

difficult by the complexities of ceramic processing 

https://doi.org/10.38124/ijisrt/IJISRT24APR1049
http://www.ijisrt.com/


Volume 9, Issue 4, April – 2024                                             International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                              https://doi.org/10.38124/ijisrt/IJISRT24APR1049 

 

 
IJISRT24APR1049                      www.ijisrt.com                                            1338 

techniques, compositions, and microstructures. In addition 

to ceramic materials, resin matrix composites show great 

promise as a substitute option for hypersonic travel. Resin 

matrix composites have a special set of properties, including 

high specific strength and modulus, low density, and 

remarkable design freedom. Because of these 

characteristics, they are becoming more and more popular in 

the aviation sector as a viable option for the lightweight 
structures needed for hypersonic aircraft. Furthermore, 

developments in resin composite technology have resulted 

in ongoing enhancements to their high-temperature 

characteristics, opening the door for them to potentially 

displace conventional materials like titanium and aluminium 

alloys. Polyimide is a resin composite that is particularly 

well suited for hypersonic applications due to its exceptional 

tolerance to high temperatures. [2-5] 

 

The demand for materials that can withstand high 

temperatures is increasing with the advancement of 
hypersonic aircraft technology. As a result, it is crucial to 

compare and thoroughly assess conventional and high- 

temperature resistant structural materials for aircraft 

structures. By accomplishing this, we can offer a strong 

basis for the construction of hypersonic aircraft that can 

survive the extreme difficulties associated with hypersonic 

flight. 

 

II. MATERIAL SELECTION AND DESIGN 

CONSIDERATION 

 

Hypersonic flight, exceeding Mach 5, throws down a 
brutal gauntlet of challenges for aircraft materials. Air 

friction at these speeds can cause temperatures to soar past 

2000°C. This demands a unique blend of properties: 

 

 High-Temperature Strength: The airframe needs to resist 

buckling and maintain its shape under immense heat 

stress. 

 Lightweight: Every extra pound counts for hypersonic 

vehicles, so materials must be strong while remaining 

minimal. 

 Oxidation Resistance: Hypersonic speeds mean 
prolonged exposure to air, which can oxidize and 

weaken some materials. 

 Candidate Champions: 

 Refractory Ceramics: These include silicon carbide (SiC) 

and nitride (SiN). They can handle the heat but may 

require protective coatings against atmospheric oxygen. 

 Titanium Aluminides: These alloys offer a good balance 

of strength and weight, suitable for parts not facing the 

brunt of the heat. 

 Advanced Composites: Carbon-fiber composites are 

strong and lightweight, but researchers are pushing the 
temperature limits with next-generation options. 

 

Developing the right material combination is crucial. 

Leading edges, for example, need exceptional heat 

resistance, while other areas can prioritize weight savings. 

But the key isn't just one material; rather, it's a calculated 

blend of materials suited to specific aircraft components. 

Hypersonic materials research is a dynamic field, constantly 

seeking that perfect balance for conquering the skies at 

blistering speeds. 

 

III. STRUCTURAL RIGIDITY COMPARISON 

FOR MATERIALS BASED ON STRESS 

STRAIN CURVE 

 
Rigidity of any material is defined by its yield stress. 

The higher the yield stress, the higher the stiffness of that 

material. In fact, a material's yield stress and rigidity—also 

known as stiffness—are intimately related. The amount of 

stress a material can sustain before it starts to deform 

plastically—that is, before it permanently alters in size or 

shape—is known as yield stress. High yield stress materials 

are essential for maintaining structural integrity and 

performance in hypersonic aircraft, where components must 

withstand intense aerodynamic forces and thermal stresses. 

 
When exposed to external loads, high-yield-stress 

materials better retain their size and shape due to their 

increased resistance to deformation under load. Because 

components in hypersonic flight are subjected to extreme 

mechanical loads and aerodynamic forces, this quality is 

very crucial. 

 

 
Fig 1: Characteristic Stress-Strain Curve for Any Material 

Under Load 

 

Stretching the specimen and monitoring the change in 

stress with strain until the sample splits show the stress-

strain curve for the material. Stress is set on the vertical axis, 

and strain is set on the horizontal axis. A frequent 

misperception is that the cross-section area of the material 

doesn't change during the deformation process. This is 

incorrect because the deformed area shrinks as a result of 

elastic and plastic deformation. Whereas the engineering 
stress- strain curve is based on the original cross-section and 

gauge length, the real stress-strain curve is based on the area 

and length of the immediate cross-section. In contrast, the 

real stress-strain curve is determined by the instantaneous 

cross-section area and length and is known as true stress-

strain curve. The graph a shows the engineering stress-strain 

curve where as the graph B shows the true stress-strain 

curve. 
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 Stress – Strain Curve for Different Material: 

The graph shown in fig (2) represents the yield stress 

value of Aluminium alloy. The yield stress was found to be 

2.5 X 10^+8 Pa. Because of its advantageous mechanical 

qualities, aluminium alloys are utilised extensively in a 

variety of industries, including electronics, automotive, 

aerospace, and construction. One of the essential mechanical 

characteristics of aluminium alloys is yield stress, which 
expresses the maximum stress that a material can bear 

before it starts to permanently distort. Because of their 

superior strength-to-weight ratios, aluminium alloys are 

especially useful in areas like aerospace and automotive 

where reducing weight is essential. The alloy composition, 

tempering method, and other variables can all have a 

substantial impact on an aluminium alloy's yield strength. 

Different yield strengths are shown by popular series of 

aluminium alloys, including the 1000, 2000, 3000, 5000, 

6000, and 7000 series. The particular alloy composition and 

tempering technique have an impact on the temperature 
resistance of aluminium alloys. Despite this, aluminium 

alloys can sustain a broad range of temperatures quite well; 

some alloys can tolerate high temperatures better than 

others. 

 

 
Fig 2: Stress-Strain Curve for Aluminium Alloy Under Load 

 

The yield stress value of structural steel is shown in 
the fig (3). A yield stress of 2.8 X 10^+8 Pa was determined. 

The maximum stress that a steel material can sustain before 

permanently deforming is known as structural steel yield 

stress. It's an essential component in the planning and 

construction of bridges, buildings, and other structures. The 

grade and composition of structural steel influence its yield 

stress. Aerospace engineers and architects need to know 

structural steel's yield stress in order to make sure that the 

material they have chosen can sustain the loads and stresses 
that a structure is likely to experience during its lifetime 

without losing structural integrity. Because of its high 

strength-to-weight ratio, structural steel is able to support 

huge loads while being comparatively lighter than other 

building materials like concrete. As a result, lighter, more 

effective structures can be designed. 

 

 
Fig 3: Stress-Strain Curve for Structural Steel Under Load 

 

The titanium alloy's yield stress value is seen in the 

graph shown in fig (4). It was discovered that the yield stress 
was 9.3 X 10^+8 Pa. Because of their exceptional strength-

to-weight ratio, resistance to corrosion, and ability to 

withstand high temperatures, titanium alloys are well suited 

for a wide range of industrial, aerospace, and medical uses. 

The particular alloy composition, heat treatment, and 

processing parameters all affect the yield stress of titanium 

alloys. 

 

 
Fig 4: Stress-Strain Curve for Titanium Alloy Under Load 

 

By further refining the microstructure of titanium 

alloys, heat treatment procedures including annealing, 

solution treatment, and ageing can alter the mechanical 

properties of the alloys, including yield stress. It is common 

practice to customise heat treatment procedures to the 

specific alloy and desired qualities. Temperature has an 
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effect on the yield stress of titanium alloys as well. Certain 

titanium alloys are appropriate for high-temperature 

applications because they maintain their strength and 

ductility at high temperatures. 

 

Materials with high yield stress and stiffness, like 

titanium alloys, nickel-based superalloys, and sophisticated 

composite materials like carbon fibre reinforced polymers, 
are frequently preferred for use in hypersonic aircraft. 

Because of their exceptional mechanical qualities, these 

materials can endure the tremendous stresses experienced 

during hypersonic flight, maintaining the structural integrity 

and functionality of vital parts including wings, control 

surfaces, and airframes. 

 

IV. COMMON STRUCTURAL MATERIALS FOR 

AIRCRAFT 

 

Structural steel – In contrast to stainless steel, which is 
frequently used in appliances and aircraft surfaces, or a steel 

grade that might be utilized for engineering tools, it is 

fundamentally defined as steel that has been optimized for 

use in building construction. Carbon steel, which has both 

carbon and iron in its chemical composition, makes up the 

majority of structural steel. There are two varieties of 

structural steel utilized in aircraft: 

 

 30CrMnSiNi2A - Ultra-high-strength steel (UHSS) is 

widely utilized in the mechanical industry due to its 

special qualities. In the present work, two different 

coated tools were used to investigate the machinability of 
30CrMnSiNi2A steel in dry milling. 

 40CrNi2Si2MoVA - 40CrNi2Si2MoVA steel is the 

material being tested. It is highly fracture-tough and 

strong, making it a common material for landing gear in 

the aerospace industry. 

 

Both types of steel play important roles in aircraft 

construction. 30CrMnSiNi2A steel is essential for 

maintaining structural integrity, while 40CrNi2Si2MoVA 

steel guarantees the longevity of critical parts like landing 

gear. [7] 
 

Aluminium alloys – For a long time, aluminium alloys 

have been utilised in the development of aerospace 

applications, including aircraft material constructions, due to 

their superior strength and lightweight nature. Aluminium 

has a low cost of production, good performance, and little 

manufacturing expenses. When alloying elements are added 

to pure aluminium, one of the most prevalent metals on 

Earth, to improve its properties, products referred to as 

aluminium alloys are produced. Three types of aluminium 

alloys used are: 
 

 2168A - Engine pistons and other automobile 

components are made of the aluminum-silicon alloy 

2168. It is strong, resilient to corrosion, and lightweight. 

Alloy 2168 also has outstanding heat conductivity and 

machinability. It is therefore the best option for engine 

parts that require rapid heat dissipation. 

 

 2A16 - A16 aluminum alloys have exceptional 

mechanical properties, including high specific strength 

and an amazing capacity to withstand heat. 

 7075 - Alcoa created the high-strength, heat-treatable 

7075 aluminium alloy in 1943. Small amounts of iron, 

silicon, manganese, and titanium are also present in the 

alloy, along with hardeners copper, zinc, magnesium, 

and chromium. After heat treatment, Al-7075 is far 
stronger than carbon steel. [6-7] 

 

Titanium alloy –Titanium is important because it can 

be used as an alloying agent with most metals and some 

nonmetals. Some of these alloys have significantly higher 

tensile strengths than titanium. Because of the passive oxide 

surface film that develops on it, titanium has a very high 

corrosion resistance under a variety of situations. The metal 

has been exposed to saltwater for nearly three years, but no 

noticeable corrosion has occurred. Like iron and nickel, 

titanium is a hard, refractory metal that belongs in the 
transition metal family. Its tremendous strength, low density 

(being comparatively light in comparison to other metals 

with similar mechanical and thermal properties), and 

remarkable corrosion resistance are useful for many parts of 

ships, spacecraft, aircraft, and missiles. 

 

 There are Two Types of Titanium Alloys Widely used for 

Hypersonic in Aerospace Industry: 

 

 TC4: Out of all the titanium products, the TC4 alloy is 
one of the most popular α+β titanium alloys both 

domestically and internationally. It is widely utilised in 

the aerospace and medical industries and has outstanding 

mechanical and processing qualities. In addition, its long-

term operating temperature can approach 400 °C. 

 TC6 - The remarkable mechanical properties of the TC6 

titanium alloy at high temperatures have attracted a lot of 

interest lately. TC6 is a two-phase alloy of the α+β type 

with a system composition of Ti, Al, Mo, Cr, Fe, and Si. 

 

Materials such as titanium alloys, aluminium alloys, 
and structural steel are essential in aeronautical engineering. 

Despite being primarily used in building construction, 

structural steel has specialized uses in aircraft parts like 

landing gear because of its exceptional strength and 

durability. 

 

Because of their lightweight and resistance to 

corrosion, aluminium alloys are highly valued and play a 

crucial structural role in aircraft design. Titanium alloys are 

essential for aircraft, particularly for hypersonic 

applications, due to their remarkable strength-to-weight ratio 
and corrosion resistance. Every material plays a part in the 

complex ratio of strength, weight, and performance that 

propels aircraft design innovation for safer, more effective 

flight. [6-8] 
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V. CARBON COMPOSITES APPLICATION IN 

HYPERSONIC FLIGHT 

 

Carbon-carbon composites (C-C) are lightweight 

materials with outstanding strength retention at high 

temperatures, making them appealing candidates for hot 

structures and thermal protection systems in advanced 

hypersonic vehicles. Carbon-carbon composites have the 

highest specific strength of any structural material above 

about 1500°F, according to the comparisons of specific 

strengths made in the figure below. 

 

 
Fig 5: Specific Strength Comparison of Different Materials [9] 

 

At temperatures higher than roughly 1000°F, carbon 

oxidises readily in the air. Therefore, carbon-carbon 

composite applications have to be limited to non-oxidizing 

conditions, and brief exposure intervals, or the composites 

have to be shielded from oxidation. As of right now, the 

Space Shuttle Orbiter's nose cap and wing leading edges' 

thermal protection system (TPS) is the only reusable 

oxidation-resistant C-C (ORCC) composite that has been 

created and put into flight service. This ORCC composite 

doesn't need to have very strong mechanical qualities 
because it is solely intended to be used as a TPS material. 

[9] 

 

A. Fabrication of Carbon – Carbon Composites: 

Renowned for their remarkable strength, low weight, 

and ability to withstand high temperatures, carbon-carbon 

composites are remarkable materials. Several intricate 

processes must be followed to fabricate them with suitable 

qualities. It becomes clearer how complex the process is 

behind producing these cutting-edge materials when one 

understands these processes. The figure below depicts the 

main procedures involved in fabricating carbon-carbon 

composites. 
 

 

 
Fig 6: Fabrication Process for Carbon-Carbon Composites [10] 
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The process of creating carbon-carbon composites 

starts with the meticulous selection of precursor material. 

These materials act as the framework for the composite. 

Carbon fibers, carbon powder, or organic polymers with high 

carbon content are examples of common precursor 

materials. Various elements, including the intended use, 

required qualities, and manufacturing capacity influence 

prerequisite selection. Following their selection, the material 
goes through a transformation process called carbonization. 

This phase entails heating the material to high 

temperatures—typically between 1000°C and 3000°C—in 

an inert environment inside of a specially designed furnace. 

The material goes through a process called pyrolysis during 

carbonization, which causes it to lose non-carbon 

components including nitrogen, oxygen, and hydrogen 

through a series of chemical processes. All that is left is a 

highly carbonized structure, which is the essential 

component of composites made of carbon and carbon. 

 
To increase strength and stiffness, carbon fibers are 

occasionally used as reinforcement inside composite 

structures. Usually, the process of creating carbon fibers 

involves spinning precursor materials like rayon or 

polyacrylonitrile (PAN) and then carbonization. The 

mechanical properties of the finished composite are greatly 

influenced by the aligned arrangement of these fibers. The 

procedure known as impregnation is typically used to 

strengthen the carbon matrix with carbon fibers after 

carbonization. A liquid or gaseous carbon-containing fluid is 

infused into the carbonized material during the impregnation 

process. This stage improves the composite's overall 
mechanical properties by ensuring that the carbon fibers and 

matrix are properly bonded. 

 

The composite is densified after impregnation in order 

to further enhance its mechanical performance. Additional 

carbon layers are deposited onto the composite structure 

using densification techniques as chemical vapour 

infiltration (CVI) or liquid phase infiltration (LPI). These 

layers improve the mechanical strength and density of the 

material by filling up gaps and interstitial spaces. 

Graphitization is the last phase that some carbon-carbon 
composites go through, though it's not always required. To 

graphitize a material, it must be heated to even greater 

temperatures in an inert atmosphere—typically above 

2500°C. By doing this, the alignment of carbon atoms into a 

form more equivalent to graphite is facilitated, improving 

both rigidity and thermal conductivity. 

 

Precise control over temperature, pressure, and 

processing parameters is crucial to obtain the appropriate 

material properties during these production stages. Because 

of its remarkable mechanical strength, thermal stability, and 

lightweight nature, the resulting carbon-carbon composite is 
a highly favored option for a variety of applications, such as 

aerospace components. [10-11] 

 

B. Oxidation Protection: 

Oxidation Protection is taken into consideration in 

order to address the issue of the rapid oxidation of carbon 

at temperatures higher than around 1000°F. For carbon-

carbon composites, oxidation protection is essential, 

particularly in high-temperature applications. Several 

techniques are used by Reinforced Carbon-Carbon (RCC) to 

reduce oxidation and increase the material's longevity. First, 

RCC makes use of a dense outer layer that is frequently 

made of silicon carbide or pyrolytic carbon. By acting as a 

barrier, this layer keeps oxygen from entering the inside of 

the composite. To further improve oxidation resistance, 
coatings of refractory metals or ceramics may be used. 

 

The application of environmental barrier coatings is an 

additional useful technique (EBCs). These coatings, which 

are usually made of silicon-based compounds or oxides, 

create a barrier that protects the RCC from aggressive 

oxidising conditions. Furthermore, interior passages or 

tunnels for the circulation of cooling fluids can be 

incorporated into RCC structures. At high temperatures, this 

active cooling mechanism lessens the chance of oxidation 

and aids in heat dissipation. RCC is essential for aerospace 
applications such as rocket nozzles, spacecraft thermal 

protection systems, and high- temperature engine 

components because it employs these oxidation prevention 

methods to guarantee long-term durability and performance 

in harsh environments. [12] 

 

VI. ADVANCEMENTS IN MATERIALS AND 

STRUCTURES FOR HYPERSONIC VEHICLES 

 

The predominance of aerothermal heating over 

aerodynamic forces presents major obstacles for vehicles 

pushing past supersonic conditions into the hypersonic 
world, requiring the development of advanced materials able 

to survive harsh environments. Refractory metals, 

composites, and ceramics are the three categories of 

materials that provide a broad range of applications and 

trade-offs for various subsystems. Despite recent 

advancements in the development of materials, challenges 

with standardization and the difficulty of testing under 

representative flight circumstances remain obstacles to the 

transfer of laboratory research to flight. The development of 

sophisticated materials design tools, which provide 

integrated computational and predictive frameworks to 
improve the design, performance, and dependability of 

hypersonic vehicles, offers hope for solving these 

challenges. At this cutting edge of the aerospace revolution, 

hypersonic material research and development are 

essential to realising the full potential of these rapid vehicles 

and their revolutionary effects on suborbital travel, fast 

space access, and defence capabilities. [14] 

 

The distinct difficulties associated with hypersonic 

flight, resulting from high temperatures and highly oxidising 

environments, highlight the vital need of specifically 

engineered materials for different parts of a hypersonic 
vehicle. The necessity of multiple solutions to address 

thermo- chemo-mechanical loads on aerostructures, wing 

leading edges, thermal protection systems, and propulsion 

systems is highlighted by the sensitivity of material 

requirements to the vehicle's design and flying envelope. 

Materials able to tolerate extreme temperatures and 

significant heat fluxes are required for hypersonic flight due 
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to the aerothermal heating that occurs during the flight, with 

stagnation temperatures as high as 10,000°C. Further 

difficulties arise from the oxygen and nitrogen splitting into 

free radicals at rates faster than Mach 8, which degrades 

materials and modifies their properties. The important areas 

of concern highlight the necessity for sophisticated materials 

design and selection: these include leading-edge surfaces 

exposed to direct aerothermal impacts and propulsion flow 
routes without the luxury of radiative cooling. In order to 

overcome these obstacles and advance the capabilities of 

hypersonic vehicles in the dynamic field of aerospace 

engineering, it is clear that continued research and 

innovation in material science are essential. This is 

especially true when we examine the properties of primary 

aerostructures, thermal protection systems, and propulsion 

systems. [13] 

 

Aeroshells and airframes, which are lightweight basic 

structures that can be either lifting bodies or ballistic 
structural elements, are essential parts. Contemporary 

aeroshells are made with solid constructions and 

sophisticated core structures such as foam, honeycomb, 

lattice, or perforated cores. This allows for complex passive 

cooling solutions to be used while simultaneously ensuring 

stiffness and minimising weight. As the preferred material 

for cutting-edge constructions, tough carbon, and ceramic 

composites provide peak temperature reduction through 

creative composite weaving patterns and thermally 

conductive elements that effectively transfer heat to the 

aeroshell's colder areas. [15] 

 
The transition from the conventional "cold structure" 

design of Space Shuttles to "hot structures" represents an 

innovative change in hypersonic vehicle technology. This 

emphasises the significance of ongoing developments in 

material science and creative design to address the 

difficulties presented by aerothermal loads in the quest for 

accurate and stable hypersonic flight. In order to control heat 

on leading edges, nose sections, and propulsion features—

where aerodynamic forces produce the greatest heat flux—

thermal protection systems (TPS) plays an important role. 

Heat transport and dissipation in contemporary vehicles are 
optimised through the integration of TPS with 

aerostructures. [18] 

 

To improve a vehicle's resistance to aerothermal 

heating, three basic forms of TPS—passive, semi-passive, 

and active—have been created. Passive systems are 

appropriate for settings with modest transient heat flux. 

Examples of these systems are insulated cold structures or 

emissive "hot structures." Reusable thermal pipes or single-

use ablatives are used in semi-passive systems, which are 

built for high heat fluxes that last for long periods of time. 

For prolonged flight times and high heat flux conditions, 
active systems—which compel liquids or vapours to flow—

are utilized. The particular aerothermodynamic 

requirements, which take into account elements like heat 

capacity, emissivity, melting/oxidation temperature, thermal 

conductivity, and high-temperature strength, dictate the 

choice of TPS. Passive systems are simpler and less 

hazardous, but they frequently have more mass and lower 

fracture toughness. Reusability issues afflict relative 

materials, notwithstanding their past effectiveness for re-

entry. With the help of additive manufacturing, hot 

structures, heat pipes, and active thermal management 

systems have become popular areas of study for cutting-

edge materials and system architectures. [18-20] 

 

Forming metallic layers and porous, low-conductivity 
ceramic overcoats on the material is another structural 

innovation in materials used for hypersonic travel. The 

metallic layer acts as a bonding agent, enhancing adherence 

between the substrate and the ceramic coating. This can be 

accomplished using a variety of processes, including 

physical vapour deposition (PVD), chemical vapour 

deposition (CVD), and plasma spraying. [23] 

 

Next to the application of the metallic layer, interest is 

turned to the deposition of a porous, low-conductivity 

ceramic covering. The ceramic layer serves multiple 
advantages, the most important of which is to act as a 

thermal barrier, protecting the underlying substrate from the 

intense heat created during hypersonic flight. Engineers can 

lower thermal conductivity by adding porosity to the 

ceramic structure, reducing heat transmission through the 

coating, and increasing thermal insulation. Furthermore, the 

ceramic's low conductivity serves to minimise thermal 

stresses and temperature differentials encountered by the 

substrate, retaining its mechanical qualities and structural 

integrity under operating conditions. [22-24] 

 

The ceramic coating is often applied using advanced 
processing techniques such as plasma spraying. Ceramic 

particles are propelled toward the substrate surface using a 

plasma jet, where they undergo rapid melting and 

solidification, resulting in a dense, homogeneous coating. 

Optimising processing factors such as particle size, velocity, 

temperature, and deposition angle is critical for achieving 

optimal adhesion, coating thickness, and microstructural 

integrity. The substrate's mechanical characteristics and 

structural integrity are preserved during operation. [24] 

 

After the coatings have been applied, thorough 
characterisation and testing are performed to validate their 

performance under simulated hypersonic flight 

circumstances. This includes testing the coatings under 

extreme temperatures, thermal cycling, mechanical stress, 

and other environmental factors to determine their durability, 

thermal insulating capabilities, and substrate compatibility. 

Any deviations from the specifications that are intended are 

identified and addressed through iterative design iterations, 

which may include changes to the coating composition, 

processing parameters, or substrate preparation techniques 

in order to optimise performance and ensure compliance 

with demanding aerospace standards. [25] 
 

 

The development and application of these coatings is 

an especially active field of research. Researchers are 

continually developing new materials and strategies to make 

shields even more effective. For example, researchers are 

looking at the usage of ultra-high temperature ceramics 
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(UHTCs), which can endure even higher temperatures. 

Additionally, attempts are underway to develop self-healing 

coatings that can fix minor cracks or damage experienced 

during flight, thereby increasing the aircraft's operational 

life. A multi-layered method comprising metallic undercoats 

and porous, low- conductivity ceramic overcoats provides a 

vital defense mechanism for hypersonic vehicles. These 

coatings enable these high-speed vehicles to overcome the 
blazing obstacles of hypersonic flight by utilising the 

distinct features of metals and ceramics. [22-25] 

 

VII. COMPARISON STUDY FOR THE 

SELECTION OF MATERIAL FOR 

HYPERSONIC VEHICLES 

 

Carbon fiber-reinforced Polymers, especially those 

containing sophisticated resins, are increasingly being used 

in the design of hypersonic aircraft due to their excellent 

strength, lightweight characteristics, and heat resistance. 

These polymers are made up of high-strength carbon fibers 

inserted in a matrix of epoxy, phenolic, or other specialized 

resins, resulting in a material with superior rigidity and 

thermal efficiency. Carbon fibre polymers ' particular 

qualities make them perfect for withstanding the strong 

aerodynamic forces, extreme temperatures, and rapid 

thermal variations that occur during hypersonic flight. Their 

high strength-to-weight ratio enables the design of 
lightweight yet strong airframes, resulting in improved 

manoeuvrability, fuel efficiency, and cargo capacity. 

Furthermore, the thermal stability of carbon fibre polymers 

aids in neutralising thermal expansion and contraction 

effects, ensuring dimensional stability and strength even 

under significant temperature variation. [26] 

 

Choosing the appropriate materials becomes important 

for the success of hypersonic flight vehicles. Tensile 

strength, which measures a material's resistance to pulling 

forces, is only one part of this complex research. 
 

 
Fig 7: Tensile Strength Comparison of Different CFRPs Materials 

 

The horizontal axis shows different kinds of Carbon 

Fibre Reinforced Polymers (CFRP). These are composite 

materials made from strong, lightweight carbon fibers 

incorporated in a plastic resin. The vertical axis shows the 

tensile strength in megapascals (MPa). Higher MPa implies 

that the material can resist more pulling power before 

shattering. The data strokes on the graph represent the 

tensile strength for the different CFRP tested. 
 

In accordance with the tensile strength statistics shown 

in this graph, the CFRP material with the highest recorded 

tensile strength is 8552/IM7, which has a tensile strength of 

around 2648MPa. In hypersonic flight, where aircraft 

components are subjected to enormous aerodynamic loads 

and high-speed forces, a material with high tensile strength 

is critical for maintaining structural integrity and avoiding 

catastrophic failure. The remarkable tensile strength of the 

8552/IM7 carbon fiber resin polymer allows it to endure the 

extreme forces experienced during hypersonic flight, such as 

rapid acceleration, high temperatures, and aerodynamic 

pressures. This high tensile strength not only ensures the 

endurance and reliability of important aviation components 

but also helps to improve overall performance by reducing 

weight and increasing efficiency. [28] 

 

Despite this, to determine material for hypersonic 

flight applications, other aspects must be considered in 
addition to tensile strength. Some other characteristics that 

are necessary for hypersonic flight vehicles include: 

 

 High strength-to-weight ratio: Hypersonic vehicles 

demand a precise balance. They must be lightweight to 

reduce air resistance (drag), but still sturdy enough to 

withstand the enormous forces experienced during 
hypersonic flight. Even a heavy material with strong 

tensile strength might cause excessive drag, affecting 

performance. 
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 High-Temperature Resistance: Hypersonic flight 

transmits high aerodynamic heating owing to friction 
with airborne molecules. The materials utilised in the 

vehicle must be able to sustain extreme temperatures 

without losing strength. 

 Oxidation Resistance: For hypersonic flight, the 

immense heat renders atmospheric oxygen extremely 

reactive. It might cause the vehicle's surface materials to 

oxidise, degrading them and perhaps causing surface 

erosion. Materials with high oxidation resistance are 

critical for preserving structural strength. 

 Manufacturing Considerations: All CFRPs are not made 

equally. Some might be more expensive or difficult to 
produce than others. Complicated production procedures 

can increase expenses, making a given material less 

viable for massive hypersonic vehicles. 
 

Considering the intense thermal conditions 

encountered during hypersonic flight, carbon fiber resin 

polymers with high- temperature resistance are essential. 

Because of the intense heat produced by air friction during 

hypersonic flight, materials must be able to resist 

temperatures higher than 2000°C. Under these harsh 

circumstances, carbon fiber resin polymers—which are 

usually epoxy-based—offer remarkable temperature stability 

while preserving mechanical qualities and structural 

integrity. [29] 

 

 
Fig 8: Temperature Resistance Comparison of Different CFRPs Materials 

 

The temperature resistance capability of several 

reinforced polymer materials used in aerospace applications 

is displayed in the above graph. The horizontal axis shows 

different kinds of Carbon Fibre Reinforced Polymers 

(CFRP) and the vertical axis shows the temperature 

resistance capability of reinforced polymers in degree 

Celsius. Higher MPa implies that the material can resist 

more pulling power before shattering. The data strokes on 

the graph represent the tensile strength for the different 

CFRP tested. 
 

In accordance with the temperature resistance 

capability shown in this graph, the CFRP material with the 

highest recorded temperature resistance capacity is 

P251900HT/T360, which has a temperature resistance 

capacity of around 489°C. P251900HT/T360 carbon fiber 

resin polymer is a unique composite material made 

especially for applications that need to withstand extreme 

temperatures, including parts used in hypersonic flight. This 

polymer matrix creates a composite with exceptional 

mechanical and thermal resilience under harsh temperature 

conditions by combining T360 carbon fiber with P251900HT 

resin. The ability of this composite to withstand high 

temperatures is critical in the context of hypersonic flight 

when air friction can cause temperatures to rise above 

2000°C. It performs exceptionally well in terms of structural 

integrity even in the face of the intense heat that comes with 

travelling at hypersonic speed. P251900HT/T360 carbon 

fiber resin polymer demonstrates remarkable resistance to 

thermal deterioration, successfully impeding softening, 
melting, or structural collapse in such harsh circumstances. 

[29] 

 

Based on a combined assessment of material 

temperature resistance and tensile strength, the graph shown 

in fig (9) depict that the HT400/CCF800 carbon fibre resin 

polymer is the optimum choice for hypersonic flying 

material. HT400/CCF800 has a tensile strength of around 

2198MPa and temperature resistance capacity of around 

455°C. 
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Fig 9: Combined Comparison of Temperature Resistance and Tensile   Strength for different CFRPs Materials 

 

While alternative CFRP materials, such as 8552/IM7, 

have higher tensile strengths, capacity makes them 

appropriate for certain applications but they are not ideal for 

other factors because of their lower thermal resistance. As a 

result, HT400/CCF800 comes out as the best choice among 

the material selection criteria for hypersonic flight since it 
has the greatest combined approach for each of the variables 

needed for hypersonic flight success. 

 

The exceptional temperature resistance of the 

HT400/CCF800 carbon fiber resin polymer allows it to 

withstand these high temperatures without losing its 

mechanical characteristics or its structural strength. High 

thermal stability is provided by the composite's HT400 resin 

component, which guards against softening, melting, or 

deterioration at high temperatures. Furthermore, the addition 

of CCF800 carbon fiber reinforcement strengthens the 
composite's resilience to heat, resulting in a sturdy structure 

that can withstand the thermal strains and oscillations 

associated with hypersonic flight. The combination of 

CCF800 carbon fibre reinforcement and HT400 resin also 

results in an exceptional tensile strength for the 

HT400/CCF800 carbon fibre resin polymer. The HT400 

resin matrix provides an initial base, and the composite's 

strength and stiffness are increased by the CCF800 carbon 

fibre reinforcement, which makes it capable of withstanding 

the high mechanical loads encountered during hypersonic 

flight. 

 
The HT400/CCF800 composite, which is well suited 

for the challenging circumstances of hypersonic flight, is a 

material that offers great thermal resistance and high tensile 

strength due to the synergy between the HT400 resin and 

CCF800 carbon fibre. The composite can withstand severe 

mechanical and thermal stresses while maintaining its 

structural integrity and strength because of the combination 

of a strong and lightweight carbon fibre reinforcement and a 

resin matrix that can withstand high temperatures. The 

safety, dependability, and performance of hypersonic 

vehicles are enhanced by this synergy, which guarantees that 
parts constructed of the HT400/CCF800 carbon fibre resin 

polymer can survive the demands of hypersonic flight. 

 

Due to the complementary qualities of 

HT400/CCF800, carbon fiber resin polymer finds use in a 

variety of hypersonic flight components, including 

propulsion systems, control surfaces, airframes, and thermal 

protection systems. These parts need to be made of 

lightweight, strong materials that can endure the high 
temperatures and mechanical strains experienced during 

hypersonic flight. These specifications are met by the 

HT400/CCF800 composite, which makes it the perfect 

option for demanding aerospace applications where tensile 

strength and high-temperature resistance are crucial. [26-30] 

 

VIII. CONCLUSION 

 

This paper shows a detailed analysis of different 

materials used for fabricating a hypersonic aircraft. Different 

metals and composite materials were considered and 
compared with respect to different structural and physical 

characteristics. On comparing common different metallic 

alloys based on their tensile strength and rigidity, Titanium 

alloy TC6 was found to be the best amongst all. Where as 

when Ceramic composite materials were compared based on 

their tensile strength and Heat endurance, HT400/CCF800 

Polymide was found to be the most efficient material . Also 

when different composite materials and Metallic alloys were 

compared, the Carbon fiber was found to be the most rigid 

and lightweight among the Aircraft materials. Carbon fiber 

is widely used for covering the tips and fin of current 

hypersonic aircrafts used in aerospace industry such as 
X43A by NASA. The development and use of hypersonic 

vehicles has drawn the interest of several aerospace powers. 

It may have a significant strategic impact on upcoming 

political, military, and commercial endeavours. The main 

technologies involved in the creation of a hypersonic vehicle 

are methodically introduced in this study. These technologies 

include integrated aerodynamic configuration, propulsion, 

thermal protection, navigation, and control systems. For 

every important technology, the benefits and drawbacks of 

various solutions are thoroughly examined. 
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