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Abstract 
 
The main objective of this project is to design a solar 

sailing prototype which can be used to make a journey to 

outer space, or scientifically called Interstellar Journey. 

This study is solely to make an improvement in this field 

in terms of efficiency in both mechanical or material 

properties. To realise that particular project, two stages 

have been carried out. First, the study of state of art, 

which is a very important step to determine the current 

technologies of propulsions including solar sailing that 

has been developed by physicist and engineers, also the 

problems occurred if any. The second one is the 

designing part as to what characteristic best to have in 

the prototype. All this design is roughly sketched through 

application NX 12, as to give the idea of how the design 

would look like. The project will be focus on what 

materials is good to use on this solar sail, for an instance 

the Kapton or the Mylar, the maximum velocity that can 

be reached, and the effect of reflectivity on the 

spacecraft itself. All of this will be discussed later in the 

designing part after all comparison and calculation has 

been made. As a result, an improvement towards world’s 

spacecraft for journey to the space could be optimised. 

Keywords: Interstellar Journey, Solar Sail, Application NX 

12, Space Propulsion, Reflective Material, IKAROS, 

COSMOS-1 Project    

1. Introduction 

Exploring the world is one of the most popular desire of 

human being. Not limited to the earth only, scientist 

have been discovering various ways how to make an 

exploration to other planets in our solar system, Milky 

Way, is possible. Since 1980, the idea of solar propulsion 

and navigation has been proposed to this field with 

various number of spaceflight mission to test it.  

The main objective of this work is to design a solar sailing 

prototype that is suitable for interstellar journey. 

Interstellar journey is a travel to nearby stars at typical 

distances of some light-years. To make sure a most 

perfect prototype is created, a complete study of existing 

current methods and models has been analysed 

thoroughly. This includes the maximum speed, the 

dependability and the longevity of the solar sailing 

spacecraft to perform the journey.  

However, there is always a limitation or barrier in making 

a breakthrough in any field. For the journey to the outer 

space, a lot of physics and aeronautical concepts has 

been developed and been studied by various number of 

research companies. In this study, I would like to 

specialize the scope of research solely towards the 

design of the spaceflight (its material and characteristic) 

and also the best propulsion mechanism to be install to 

it. 

 

2. Propulsion methods 

Based on Newton’s 3rd law principle, ‘For every reaction, 

there is an equal and opposite reaction’. This principle 

also applied in spacecraft’s physics. Generally, 

propulsion is the pushing or pulling action to move a 

body forward. In term of spacecraft, it is the mechanism 

or system used in the particular probe to make itself 

moves to wherever desired in outer space. There are 

many types of propulsions in this interstellar field such 

as, hydrogen, antimatter, ion thruster, solar sailing and 

many more. 

  



3. Physics of Solar Sailing 

Firstly, solar sailing is dependent on momentum created 

by stream of photons to the reflective sail. If there is 

unlimited source of light energy, then most likely we can 

realise this in Interstellar journey with few other 

conditions. 

𝑝 =
𝐸

𝑐
 (1) 

 

Where: p = Momentum [kg.m/s] 

 E = Photon or Flux Energy [W/m2] 

 c = Velocity of Light (299,792 km/s) 

From the equation above [1], as the velocity of light 

is constant, we could observe that the magnitude of 

momentum will increase if we increase the amount 

of flux energy from any light source, in our case the 

Sun. 

 

Figure 1:Image of fully deployed IKAROS [2] 

At Earth for an instance, this energy flux E or W, from 

equation 1, can be calculated accurately by using data 

such solar luminosity (Ls) and sun-Earth distance (RE) 

using series of equations below: 

𝑊𝐸= 
𝐿𝑠

 (𝑅𝐸)2 (2) 

𝑊 = 𝑊𝐸
𝑅𝐸

𝑟

2
 (3) 

𝐸 = 𝑊𝐴Δ𝑡 (4) 

Where: r = heliocentric distance of orbit 

 A = finite area (m2) 

 t = time (s) 

 

With obtained value of E, we can calculate the amount of 

momentum exerted on the solar sail. 

As the area of the sail is large, the amount of flux energy 

obtained will be enormous. In other words, we could say 

that the momentum is directly proportional to the area 

of sail. 

 

4. Non-ideal Solar Sail 

A perfect solar sail could never be achieved. This is 

because there are few limiting external factors that 

affects its efficiency [1]: 

• Reflectivity 

The cause of reflectivity is because the sail is not fully 

flat or maybe wrinkle. As this happen, the photons 

can never fully reflect and some of them is absorbed 

by the sail film in result of heating it up. 

• Heating of Sail 

In space, the only cooling method is radiation [3]. As 

the sail heated up, the photons absorbed will be 

emitted on both front and back side. This resulting in 

the momentum primarily acquired from the 

bombardment of photons which cause the 

momentum to slow down a little bit. 

• Pressure of Solar Wind 

The existence of coronal holes [4] causes the solar 

wind in space exist. Even though the value is very 

small it does contribute to the drawback of becoming 

a perfect solar sail. 

• Atmospheric Drag 

Finally, the atmospheric drag.  It is a force acting 

opposite to the relative motion of an object [5]. 

Frequent collision of gas molecule with the satellite 

results in atmospheric drag at orbital altitude. This 

reduces the altitude of that particular satellite or 

solar sail spacecraft particularly. 

  



5. Study Existing Designs of Solar Sails 

 

VOLNA Spacecraft (COSMOS 1 Project) [21 June 2005 

 

 

Figure 2:COSMOS Solar Sail 1 Project [6] 

If we take a look at the actual VOLNA Solar Sail 

Spacecraft, basically it is like a launching rocket (14-

metre-long with 1.8 metre of diameter) [7] from the 

earth directly to the outer earth (using liquid propellant). 

The only actual solar sailing compartment is inside the tip 

of the rocket. After passes the stages of launching, only 

then the solar sail parts deployed to the space [8].  

This spacecraft inflated its 8 sail blades attached out until 

it is fully stretched. With the thickness of 5 μm of 

Aluminized-reinforced PET film (MPET), it will be 

stretched to 15 m long in result of making a total surface 

area of 600 m2 [9] 

LightSail-1 (NanoSail-D) [20 May 2015] 

 

 

Figure 3:Schematic view of deployment sequence LightSail-1 [10] 

Unlike the Volna spacecraft, this spacecraft only weighs 

4.5kg. With the design of 3 CubeSat (or triple CubeSat) 

and the size of 340mm x 100mm x 100mm, it consists of 

solar panels, two 2Mpixel cameras mounted at the end 

of solar panels, 4 sun sensors, 6 ultra-tiny accelerometers 

with the function of direct measuring of light-force, and 

several others including a momentum wheel for attitude 

control [10]. 

The solar sail itself does have a thickness 4.5 µm of mylar 

material, aluminized and rip-stop protection. However, 

since the CubeSat itself is very small, the maximum solar 

sail surface area is around is 32m2 only [11], far lower 

than the previous VOLNA. That clarifies the ‘Nano’ term 

in its name. 

IKAROS [20 May 2010] 

 

Figure 4:Deployment stages of IKAROS spacecraft [12] 

IKAROS is no different from the LightSail-1 as it is made 

to explore new solar sail technique by the use of a 

lightweight and ultra-thin material for its sail. By riding 

the H-2A rocket [13], a diagonal of 20m kite shaped of 

solar sail is deployed to the space through centrifugal 

principle as there is no rigid support in the structure 

itself. The sail membrane is made of from polymer group, 

a Polyimide (or known as Kapton), with 7.5μm of 

thickness, and also layered with 80nm of evaporated 

aluminium. All the materials chose and coating, instead 

of having a light mass, it leads to a very high resistance 

to thermal, mechanical, and chemical reaction [14] 

  



6. Final Design of Solar Sailing Prototype  

After studying the designs of previous solar sail, two 

different sketches of designs have been made. From 

these two sketches, I performed a detailed reasoning in 

the selection phase to choose only one of them as final 

prototype.  

The table below is the specific characteristics that has 

been introduced for this chosen design. 

Main Body 
(Compartment 
Storing) 

A hollow cylinder for compartment 
storage (folded sail) 

Material of 
the Sail 

Kapton 

Total Weight 35 kg 

Dimensions Ø 2m x 3m  

Area of the 
Sail 

340 m2 

Thickness of 
the Sail 

7 μm 

Methods 
Deployment 

By 6 mechanical Arms (folded) 

Material of 
‘Arms’ 

Ultrahigh molecular weight 
polyethylene (UHMWPE) Carbon 
fibre 

Camera 2 cameras installed inside the body 
(hidden) 

Momentum 
Wheel 

2 Wheels Installed 

Solar Panel 1 Spiral Solar Panel on top of the 
main body 

Rechargeable 
Battery 

1 pair. The purpose is to power the 
circuit inside the main body for the 
camera and other electrical circuit. 

Table 1:Characteristic finalized for the final design [Own Source] 

For general overview, the design is in cylindrical shaped 

with diameter of 2 metre and height of 3 metre. This 

design has main body and a cover that made up the 

shape of cylinder on the outside. When the cover is 

removed, 6 sets of mechanical arms made up from 

UHWMWPE materials are visible as in figure 5. These 

main components bars are attached in zigzag structure 

to the body. 

 

Figure 5: Side view without cover [Own Source] 

As for the sail, it is folded inside the bottom of the main 

body and at the same time it is also attached at the tip of 

the arms.  

 

 

Figure 6:Deploying stage with the solar sail attached at the arms 
[Own Source] 

Based on figure 6 above, as the arms stretch and 

straighten out the attached sail will also follow this 

movement. It will also be stretched until the arms stop 

or finish deploying.  

 

Figure 7:Fully Deployed Solar Sail [Own Source] 

With 340 m2 surface area of sail, this design also using 

Kapton or Polyimide as in LightSail and IKAROS. Refer 

figure 7 for a view how fully deployed sail looks like. 

Main 

body 

Mechanical 

arms 

Sail 



Some extra useful features such as momentum wheel is 

introduced to the prototype to give a proper navigation 

of the spacecraft. 

The table below is comparison characteristics and 

designs of some actual spacecraft with the designed 

prototype. 

Design Selected 
Design 2 

VOLNA IKAROS 

Main body A hollow 
cylinder 

Bullet Solid 
cylinder 

Material of 
the sail 

Polyimide Aluminized-
reinforced 
PET film 
(MPET) / 
Mylar 

Polyimide 

Total 
weight 

35 kg 100 kg 71 kg 

Dimension Ø 2m x 3m Ø 1.8m x 
14m 

Ø1.5m x 
0.4m 

Area of the 
sail 

340 m2 600 m2 196 m2 

Thickness 
of the sail 

7 μm 5 μm 7.5 μm 

Methods 
deployment 

By 6 
mechanical 
Arms 
(folded) 

Inflating 8 
structural 
tubes of 
solar sail 
blades 

Using 
concept of 
centrifugal 
force  

Material of 
Support  

UHMWPE N/A N/A 

Momentum 
wheels 

2 wheels 
installed 

1 wheel 
installed 

N/A 

Table 2:Comparison selected design with other spacecrafts [Own 
Source] 

The Polyimide is the main material chosen for the sail as 

it poses an incredible strength in mechanical and thermal 

properties. At high temperature of (400-500) °C, this 

polymer is stable and that what makes this material a 

good choice for the sail [14]. 

The next different characteristic applied on the design is 

its deployment method. The design is using a structure 

(mechanical arms) to hold the sail from billowing. This is 

completely different from IKAROS spacecraft which using 

principle physics, centrifugal force, to deploy its sail. 

There are few consequences or disadvantage by using 

this method as there is always a possibility for the sail to 

not becoming perfectly stretched. If the sail is not fully 

stretched, the reflective behaviour will not produce 

100% efficiency in reflecting the momentum from those 

photons. 

When structures are added to the spacecraft, the weight 

will increase and as a result will increase the energy 

needed to move the spacecraft. Hence, by using 

UHMWPE as the material will greatly decrease the 

weight.  

 

7. Conclusion 

The project in general is the study of crucial 

characteristics and properties to be implanted into the 

prototype design. With the help of previous successful 

ideas and models of solar sail spacecraft, it does give 

myself some improvement to add in my design. The 

conclusion of characteristics is written as follows: 

 

1. With the design of 2 metre for diameter, and 3 

meters of height, I have designed a rigid 

structure of ‘mechanical arms’ made from an 

ultralight material UHMWPE carbon fibre for the 

solar sail spacecraft. The reason for this structure 

is to prevent the sail from billowing to maximise 

momentum produced from photons that is 

reflected on the sail. On the other hand, the 

selection of material for this rigid structure is 

made from a low-density material as to minimise 

the weight and increase the efficiency the 

spacecraft itself. Generally, it is different from 

the existing spacecraft IKAROS which using the 

physics’ concept, centrifugal force to deploy and 

keep the sail from billowing. 
 

2. This spacecraft can hold a foldable sail with area 

of 340 m2 inside the main body. Instead of 

wrapping the sail around the main body as in 

IKAROS, I prefer to fold them in the inside 

(bottom of the body). This is because there is 

always a chance for the sail to not well deployed 

when in space as it is tied to itself. To reduce this 

risk, I design the prototype by folding them in the 

inside and attached it at the end of the 

mechanical arms. This is a solution that can be 

approached to ensure the deployment of the sail 

no matter in what situation as long as the 

mechanicals arms straighten.  

 



 

 

3. Next, the high-quality solar sail, made from 

Kapton material, as it is the lightest and the 

highest tensile strength in its category. 

Additional characteristic such as ability to stay 

stable for a large range of temperature will be a 

good thing as to avoid excessive radiation 

malfunction as its cooling process.  

 

4. The existence of momentum wheel is crucial for 

a spacecraft as to manoeuvre the direction to 

the desired path. So, this feature is also added 

for excellent navigation of spacecraft. 

 

5. The added solar panel on the prototype is and 

extra credit for the solar sail as it can help run the 

small circuits such cameras installed for 

monitoring purposes. 

 

 

Recommendation 

There are few recommendations that I can point out to 

continue with this project. 

 

1. Study a possible target planet to perform the 

interstellar journey using this solar sail 

spacecraft. This includes the speed, the time 

consumed and acceleration maximum able to 

achieve. 

 

2. A further discussion on the radiation of the sun 

and external possible drawbacks that can affect 

solar sail such coronal holes can be elaborated 

more in the next study. 
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