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Abstract—This paper attempts to review the potential 

applications of Aluminum-matrix composites in Satellite systems. 

Material selection is a very crucial part of space design due to 

extreme and diverse requirements of the outer space. There is 

always a requirement of lightweight materials in space launch. 

Aluminum Matrix Composites (AMCs) are potential candidates 

for such demanding applications and with the proper 

reinforcement selection, an effective state of the art satellite 

component can be developed. Diverse properties such as high 

stiffness, low Co-efficient of Thermal Expansion (CTE), high 

specific strength and low outgassing make these materials an 

attractive choice in various systems of Satellite. This review has 

focused on different combinations of AMCs being employed for 

the respective components of Satellite.  

 
Index Terms— Aluminum-matrix Composites, Material 

Selection, Satellite Structure, Space Technology 

I. INTRODUCTION 

HE space exploration led the to the necessity and 

launching of satellites into space. Satellite is defined as an 

object sent into space to orbit the earth or a planet with a 

purpose of collecting information by navigation and 

communication.[1, 2] Today, satellite communication is a 

crucial part of the international infrastructure. Metrology, 

Agriculture, Mass communication and defense sectors largely 

benefit from the satellite network available globally for faster 

and effective communication. In simple words, no country in 

the modern era can develop economically as well as 

technologically without a proper satellite system[3, 4]. 

Generally all satellites have six major components namely 

Structure, Payload, Attitude control systems, Thermal control 

systems, Power systems and Propulsion systems. Structure is 

responsible for the complete integrity of the satellite 

components during the launch and in space since it sustains all 

the forces during the operation and mission of the satellite. 

Payload contains cameras, instruments, communication 

systems or anything else that defines or is involved in 

execution of the Satellite missions[5]. Attitude control systems 

use sensors, magnetometers and high profile compasses to 

position and change direction of the satellite in space. Thermal 
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control systems are used for dissipating heat from the satellite 

in outer space because no air is present in space and 

conventional fanning systems cannot be used for temperature 

control of satellites. Power systems are dedicated for 

maintaining power supply to all the systems and components 

of the Satellite. Like any other electronic component, 

electricity is the major power contributor in satellites. In order 

to fulfil the electricity requirements for prolonged space 

missions there are two major power sources in satellites. The 

first one uses solar energy from the sun by using a combination 

of solar arrays and photovoltaic cells. The second source uses 

rechargeable batteries to power the systems in case the satellite 

is in such a position that sunlight is absent. Propulsion systems 

comprise of a combination of thrusters that facilitate in orbit 

control and changing the direction of satellite[6-8]. 

Space has a very extreme and challenging environment. The 

temperature can be below zero on one side and on the other 

side, it can reach to the direct exposure to the heat of sun. 

Apart from this, weight is a prime factor in any component that 

has to be launched in space since the launching cost increases 

with every pound of weight. Also during the launch, a lot of 

vibrational and gravitational forces act on the components 

which can rise up to three times their own weight and hence 

structural integrity is also a vital part of the satellite. In order 

to cope up with such diverse environment and stringent 

requirements, the materials to be used for space or satellite 

components must be light in weight, have good dimensional 

tolerance, exhibit high specific strength and conclude 

exceptional structural integrity.[9-11] 

Aluminum-matrix composites along with other metal matrix 

composite(MMC) materials have potential applications in 

various aspect of engineering such as mountain bikes and golf 

clubs on one end to the diverse marine yacht fittings, 

automotive brake discs, drive shafts and extending to the 

defense and aerospace applications in the form of electronic 

housings and satellite structures[11-16] 

Aluminum-matrix composites are preferred for space based 

applications due to their low density, high specific strength, 

high thermal conductivity and high wear resistance, making 

them an ideal candidate for diverse and robust engineering 

applications. Such remarkable properties are imparted by 

reinforcing the aluminum matrix with reinforcements in the 

form of fibers, particulates or whiskers. However, machining 

of the composite becomes more difficult due to the 

reinforcements involved making it a challenge for intricate 

component fabrication, leading to a higher cost[14-17].This 
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article attempts to focus the review on the research directed for 

specific material combinations of Aluminum Matrix 

Composite (AMCs) in terms of reinforcement selection and 

their potential use in satellite applications. 

II. AMCS IN SATELLITE STRUCTURE 

Suraj [12] discussed the applications of discontinuously 

reinforced aluminum (DRA) composites using  particulate and 

whisker reinforcements of Silicon-carbide(SiC) and 

Germanium (Gr).The author reported that due to their low 

density, light weight, tailorable Coefficient of Thermal 

expansion (CTE) which is match-able to electronic materials, 

high thermal conductivity and cost-effectiveness due to net-

shape manufacturing, these composites have massive 

applications in satellite structures as thermal planes, truss 

nodes, housings, bushings, longerons, EMI shielding and 

electronic packages. Similar conclusions have been made by 

other authors on the subject[18-23].These applications have 

been qualified for space usage and have been used in 

Communication and Global Positioning System Satellites as 

shown in Figure 1 and Figure 2. Hocine et al.[22] has 

discussed a modelling-based approach for the material 

selection and design methodology of satellite structure 

components by the application of Transmission-Line Matrix 

(TLM) approach. This approach not only helps in the thermal 

management of the structure but also provides a comparison of 

the material combinations, thus providing a cost effective 

insight in housing and structure design of satellite components 

along with the analysis of complex geometry design provides 

the engineers with a tool of structure reliability for the satellite.  

 

 

 
 

Fig. 1.  Cast SiCp(particulate)/Al(Aluminum) multi-inlet fitting for a truss 

node after Suraj [12] with permission from Springer. 

 
Fig. 2. Cast Grp (particulate Germanium)/Al(Aluminum) components using 

discontinuously reinforced aluminum MMCs for electronic packaging 

applications after Suraj [12] with permission from Springer. 

 

Badiey et al. [21] discussed the optimization of satellite truss 

structure using Metal Matrix Composites. The authors reported 

that by replacing the initial Aluminum (Al-2024) structure with 

6061-T6 Aluminum reinforced with 10% Germanium (Gr) 

composite, weight reduction of 42% was achieved and by 

replacing the former with 6061-T6 Aluminum reinforced with 

30% particulate Silicon Carbide (SiCp) composite, 70% weight 

reduction was achieved. Similar results have been 

supplemented by other authors on the subject [11, 12, 22-24]. 

Hocine et al.[22] has discussed the effective thermal 

management of the satellite structure by simulating and 

comparing metallic and composite material combinations. The 

author reports that Aluminum reinforced with Germanium 

provides an effective composite for heat spreader as shown in 

Figure 3.This is attributed to the resultant thermal properties of 

the combination that has a thermal conductivity close to 

copper and a CTE that matches silicon, which reduces the 

increase in temperature due to the heat generated in the 

structure. 

 
Fig. 3.  Comparison of MMC heat spreader materials after Hocine et al.[22] 

with permission 

Muley et al.[23] has discussed the overall enhancement of 

aluminum matrix composite properties by using nano and 

hybrid reinforcements. The author reports that by 

incorporating   nano and hybrid reinforcements, the resultant 

properties are much better as compared to micro 

reinforcements and can give large results using small quantity 

and size of nano fillers as shown in Table 1.



Applications of Aluminum-Matrix Composites in Satellite: A Review 

3 

 

 

Table 1 

Properties of Al based metal matrix nano and hybrid composites after Muley et al.[23] with permission from Taylor & Francis 

Materials Particle size  (μm/nm) Vol.%/Wt.% Elastic modulus 

(GPa) 

UTS  (MPa) Yield strength 

(MPa) 

% 

Elongatio

n 

Hardness 

2024Al alloy/SiCw 

+ 

SiCp 

0.3-0.6μm,10–28 μm 

length 35 μm 

20 vol.%, 0–7 vol.% 150-200 450-600 275-550   

Pure Al/WO3p + 

ABOw 

18 μm, 0.5–1 μm, 10– 

30 μm 

3 vol.%, 22 vol.% 96 287.30 250.7 1.66  

Pure Al/ABOw + 

BPOp 

0.5–1 μm, 10–30 μm 

length 0.2–0.5 μm 

20 vol.%, 5 vol.% 104 224  3.5  

Pure Al/MWCNTs  0.25–0.75 vol.%  198.5-330.8 126.1–230.5  57–77 Hv 

Al/SiCw + SiCp T6 0.3–0.6 μm, 10–28μm 

length 35 nm 

20 vol.%, 2–7 vol.% 124-127 513-620  0.77-0.83  

 

Although the properties achieved using nano and hybrid 

reinforcements are very promising but there is a major issue of 

homogeneous dispersion of these reinforcements, which is 

difficult to control, resulting in agglomeration of the particles 

and thus making bulk scale production difficult. Thus such 

structural components are in R & D phase and require further 

development in actual usage as component of satellite. 

III. AMCS IN SATELLITE PAYLOAD 

Rudy [11] discussed the space applications of Graphite-

Epoxy composites. The author reported that the hybrid 

horizontal cross arm of communication satellite Intelsat-IV 

constituted of Aluminum reinforced with graphite-epoxy tape. 

This combination was selected due to the low weight and 

minute deflections required from the arm in service. The 

antenna of Canadian communication satellite Anik was also 

developed using aluminum honeycomb with graphite-epoxy 

layer as reinforcement. This combination is validated for good 

structural stiffness, minimization of thermal distortions and 

controlling the effects of solar radiations. Similar reports have 

been made by other authors on the subject [22, 24]. 

Suraj [12] discussed the space applications of Metal Matrix 

composites. The author reported that Gr/Aluminum 6061 

reinforced with P100 graphite fibers using diffusion-bonding 

was used for the high-gain antenna boom of Hubble Space 

Telescope (HST).This combination was selected due to good 

structural stiffness of the composite, low CTE for robust 

movements, good electrical conductivity for wave guidance, 

vibrational and flexural endurance as shown in Figure 4 and 

Figure 5.Other authors have reported similar conclusions on 

the subject[18-23]. 

Badiey et al. [21] discussed the optimization of vibrational 

transmission of Satellite Boom using Metal Matrix 

Composites. The authors reported that by incorporating 6061-

T6 Aluminum reinforced with 10% Germanium (Gr) and 

6061-T6 Aluminum reinforced with 30% particulate Silicon 

Carbide (SiCp) composites in Satellite boom, filtering 

capability was enhanced for the entire 100Hz frequency range. 

The average vibrational filtering proficiency improved by 7.2 

dB and 3.62 dB for Gr and SiCp reinforced aluminum 

combinations respectively. Similar results have been 

supplemented by other authors on the subject [11, 12, 22-24]. 

 

 
 

Fig. 4.  The Gr/Aluminum 6061 reinforced with P100 graphite fibers antenna 

for HST after Suraj [12] with permission from Springer. 
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Fig. 5. The Gr/Aluminum 6061 reinforced with P100 graphite fibers antenna 

mounted on HST after Suraj [12] with permission from Springer. 

 

IV. AMCS IN SATELLITE ATTITUDE CONTROL & POWER 

SYSTEMS 

Babuska et al. [25] discussed the technological development 

of Flywheels for Attitude control and Power systems. The 

authors reported an Integrated Power/Attitude Control System 

(IPACS)[26] approach that suggests two composites systems 

namely Aluminum reinforced with Boron and Aluminum 

reinforced with SiC respectively for the Flywheel rotors which 

can be used for powering both the Attitude Control and Power 

systems of the Satellite. Similar results reported by other 

authors on the subject [27-29]. 

Ronald et al.[29] studied Flywheel storage technology for 

IPACS. The authors reported that with proper computational 

optimization Aluminum matrix reinforced with Boron, HS-

graphite, SiC and Alumina can be used for Flywheel rotors for 

energy storage system. These composite systems are preferable 

due to their diverse nature in terms of material combinations 

and design optimization, synergistic properties, high specific 

strength, dimensional stability, high CTE, Stiffness and 

substantial weight reduction. Similar results were reported by 

other authors on the subject [23, 25-28, 30]. 

V. AMCS IN SATELLITE THERMAL CONTROL SYSTEMS 

Shinn et al.[31] has discussed the enhancement of thermal 

control in satellites using composite radiator panels. The 

authors reported that aluminum honeycomb core composite act 

as effective passive panels for thermal management of satellite 

and spacecraft which was implemented in Earth Orbiter 

program. Similar results were reported by other authors on the 

subject [23, 32-35]. 

Muley et al.[23] has reviewed applications of AMCs in 

various aspects. The authors reported that Aluminum 

reinforced with SiC can be effectively used in microwave 

system of satellite. Also, aluminum reinforced with Alumina 

(Al2O3), SiC and TiB2 can be used for high performance 

thermal applications. Nanoparticles of SiC can be used for 

reinforcing aluminum for applications that oblige dimensional 

stability and exceptional thermal characteristics. Similar 

results were reported by other authors on the subject [31-38]. 

Sidhu et al.[32] has discussed thermal management 

prospects of MMCs. The authors reported that aluminum 

reinforced with copper (Cu) along with Beryllium oxide 

(BeO), Aluminum Nitride (AlN), diamonds or SiC as fillers 

can be used for thermal management systems of satellite. Such 

combinations are preferred due to diverse combination of 

properties such as effective dissipation, minimum thermal 

stress retention, dimensional stability at high temperatures and 

low CTE. It was also reported that aluminum reinforced with 

SiC can be utilized for thermal management of microwave 

housings while aluminum reinforced with Boron (B) can be 

used for thermal management of printed circuits. The relevant 

properties of the materials discussed are shown in Table 2. 

Similar results were reported by other authors on the subject 

[23, 31, 33-41]. 

 

 

TABLE 2 

Thermal properties and densities of the selected materials after Muley et al.[23] with permission from Taylor & Francis 

Materials Density (g/cm3) CTE (x 10-6/C)(25-150°C) Thermal Conductivity (W/mK) 

Si 2.3 4.2 151 

Cu 8.96 17.8 398 

SiC 3.2 2.7 200-270 

Alumina 3.98 6.5 20-30 

Diamond 3.51 0.9 2000 

AlN 320 4.5 3.3 

BeO 3 6 260 

 

Silvain et al.[33] has discussed fabrication of Aluminum-

Carbon and Copper-Carbon composites using powder 

metallurgy process. The authors reported that Aluminum 

reinforced with 5% volume Al-Si and 50 % volume 

reinforcement of Carbon fiber using powder metallurgy can 

result in effective composite materials for heat sink and heat 

transfer applications. These composites can be effectively 

utilized for thermal management systems of satellite due to 

their enhanced thermal conductivity (240W/m.K) and low 

CTE (7.0×10−6/K).Similar results have been reported by other 

authors on the subject [23, 31, 32, 34-44]. 

 Williamson et al.[35] has discussed the applications of 

Advance Materials for Spacecraft. The authors reported that 

Aluminum reinforced with Graphite and Aluminum reinforced 

with particulate or whisker SiC can result in excellent AMCs 

for thermal management systems of Satellite due to their 

Electromagnetic (EM) shielding, high heat dissipation, good 
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thermal conductivity, no outgassing, high stiffness and strength 

respectively. Similar results have been reported by other 

authors on the subject [23, 31-34, 36-44] 

VI. AMCS IN SATELLITE PROPULSION SYSTEMS 

Signorilli [45] has discussed the applications of MMCs in 

Satellite and Aircraft propulsion systems. The author reported 

that Aluminum reinforced with Boron is a cost-effective 

solution to replace titanium based turbine blades and 

compressor fan blades. These AMCs are not only lighter than 

the titanium counterparts, but also they significantly reduce the 

operation cost, have good impact resistance and provide 

dimensional stability at high temperatures. Similar results have 

been reported by other authors on the subject [46-49]. 

Halchak et al.[50] discussed Materials for Liquid 

Propulsion. The authors reported that AMCs are potential 

candidates for high performance housings of turbo pumps, 

since they provide an interesting combination of feasible 

fabrication, high specific strength, cost effectiveness, 

modifiable properties and propellant compatibility. Similar 

results have been reported by other authors on the subject [45, 

51, 52] 

VII. CONCLUSION 

It can be inferred from the review that AMCs have diverse 

applications in spacecrafts and Satellite systems. Their diverse 

set of tailorable properties make them a potential candidate for 

research and development of space applications. With the right 

material selection a cost-effective, multi-functional and 

reliable engineering solutions can be developed for current 

problems and future design requirements. 
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