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Abstract 
In this thesis we have looked at the possibility of using a rover for deployment of 

lunar interferometers on the dark side of the moon. This project was made 

together with two other groups at Halmstad University. The project was divided 

into three units and we had the main responsibility for the deployment unit on the 

rover.  

 

The deployment unit of the rover is the device that will pick up, carry and roll out 

the antennas, which is a thin film 1x100 meters rolled up as a roll. The device 

must work in cooperation with the other units so that the antennas are deployed in 

a safe and controlled manner. 

 

The background of this project is to create a better understanding of the universe, 

its origin and how it still continues to change. This is made to believe possible by 

using lunar interferometers that will collect radiation from outer space. The lunar 

interferometers are placed at the dark side of the moon so that the radiation we 

humans create will not affect the results.  

 

This thesis is issued in collaboration with Jet Propulsion Laboratory (JPL) in 

Pasadena, California. JPL is a world leading designer and manufacturer of space-
related products. At the time being JPL has 22 spacecraft and 10 instruments 

conducting active missions. 
 

The focus in this project was to develop a conceptual design of a rover able to 

deploy the lunar interferometers. The result is a concept created in a 3D-

enviroment.  
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Sammanfattning 
I detta examensarbete har vi tittat på möjligheten att använda en rover för att 

placera ut radioteleskop på baksidan av månen. Detta gjordes ihop med två andra 

examensgrupper på Högskolan i Halmstad. Projektet delades upp i tre delar och vi 

hade huvudansvaret för utplaceringsenheten på rovern.  

 

Utplaceringsenheten på roven är den enhet som kommer att hämta, bära och rulla 

ut antennerna, som är en tunn film på 1x100 meter och upprullade som en rulle. 

Denna enhet måste i sammarbete med de andra enheterna kunna rulla ut 

antennerna på ett kontrollerat sätt så att det inte uppstår några spänningar i 

antennen.  

 

Bakgrunden till detta projekt är att få en bätte förståelse för universum, dess 

uppkomst och hur det än idag fortsätter förändras. Detta trors kunna möjliggöras 

med hjälp av radioteleskop som tar upp strålning från rymden. Radioteleskopen 

placeras ut på baksidan av månen för att inte jordens strålning skall påverka 

resultatet.   

 

Examensarbete är utfört i samarbete med Jet Propulsion Laboratory (JPL) i 
Pasadena, Kalifornien. JPL's är världsledande inom design och konstruktion av 

rymdrelaterade produkter. För tillfället har JPL 22 rymdfarkoster och 10 
instrument i aktiva uppdrag. 
 

I detta projekt har vi bara tittat på hur rovern kan komma att se ut och fungera ur 

ett principkonstruktionsperspektiv. Resultatet är ett koncept skapat i 3D-miljö.  
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1. Introduction 

1.2 Background 

The Dark Ages, When the Universe was unlit by any star, represents the last 

frontier in cosmology. It is the era between the genesis of the cosmic microwave 

background (CMB) at recombination and the formation of the first star. During 

the Dark Ages the only detectible signal is likely to be that from neutral hydrogen 

(H I). The H I will appear in absorption against the CMB and this absorption 

represents potentially the richest of all data sets in cosmology. The spectral nature 

of the H I signal allows us to follow the evolution of the Universe as a function of 

redshift (z). The H I absorption occurs in dark matter-dominated overdensities, 

locations that will later become the birthplace of the first star, so tracing this 

evolution will provide crucial insights into the properties of dark matter and 

potentially reveal aspects of cosmic inflation. Thus any deviation from the 

expected evolution would be a “clean” signature of fundamentally new physics.  

 

To be able to trace the H I signals a concept for a radio telescope locate on the far 

side of the Moon, the only site in the solar system shielded from human –

generated interference and, at night, from solar radio emissions are worked on. 

The array will observe at 3-30 m wavelengths (10-100 MHz; redshift 15 ≤ z ≤ 

150), and the DALI baseline concept builds on ground-based telescopes operating 

at similar wavelengths, e.g., Long Wavelength Array (LWA), Murchison 

Widefield Array (MWA), and Low Frequency Array (LOFAR). Specifically, the 

fundamental collecting element will be dipoles. The dipoles will be grouped into 

“stations” (illustrated in figure 1.1) deployed via rovers over an area of 

approximately 50 km in diameter to obtain the requisite angular resolution. The 

stations will be deployed by a rover and there also have to be a “transmission 

hub” for sending the signals for correlation to a central processing facility. After 

sending the correlated output to Earth, analysis would then proceed via standard 

methods being developed for ground-based arrays.  
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1.3 Business presentation 

Jet Propulsion Laboratory, JPL, is a world leading designer and manufacturer of 

space-related products. It is a place where science, technology, and engineering 

intermix in unique ways. JPL's history can be traced back to the mid-1930s, when 

a few Caltech students and amateur rocket enthusiasts started tinkering with 

rockets. After an unintended explosion occurred on campus, the group and its 

experiments relocated to an isolated area next to the San Gabriel Mountains, the 

present-day site of JPL.  The National Aeronautics and Space Administration, 

NASA, was founded in October 1958, and JPL was transferred from the Army to 

the new agency. With this transition JPL began to turn its attention from the 

rockets themselves to the payloads they would carry. JPL has over the years 

carried out many successful missions themselves, and together with other space-

organizations and they have been a contributor to today’s understanding of the 

universe. Their latest successful mission was the Mars-rover Curiosity that landed 

on Mars August 2012. 

1.4 Aims and objectives 

The aim with this project is to get a better understanding of the universe. By 

tracing the neutral hydrogen you get a better understanding of how stars evolves 

so tracing this evolution will provide crucial insights into the properties of dark 

matter and potentially reveal aspects of cosmic inflation. 

The objective of this project is to develop a concept of a rover that can withstand 

the Moons ambient and is able to deploy telescopes on the far side of the Moon. 

The telescopes goal is to capture neutral hydrogen and send the data back to 

Earth.  

Figure 1.1: Illustrating how the interferometer could look on 

the moon surface 
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1.5 Problem definition 

As we mentioned earlier the antennas that are supposed to pick up the radiation 

from outer space must be placed on the dark side of the moon so that the human 

generated radiation from Earth do not affect the results of the collected data. 

Today there are no good solutions of how to place the antennas on the dark side of 

the moon. NASA and JPL have started looking at the possibility to send a rover to 

accomplish this.  

 

 

 
 

1.6 Assumptions & delimitations 

As this project would be way to time consuming in its full extent, and JPL and 

NASA have an end year of 2030, we had to make some assumptions and 

delimitations. We are three groups, with two students in every group, and we have 

divided the rover into three units so one group have primary responsibility for 

each unit 

 Chassis – Johan Winberg and Tomislav Stanimirovic 

 Mobility system – Erik Andersson and Per-Johan Bengtsson 

 Deployment unit – Tobias Johannesson and Karl Hansson 

Because of lack of time we decided to only do a conceptual design of the rover 

with the main focus on how the deployment will work. Since we all are 

mechanical engineer students we choose to focus on the mechanical aspects of the 

rover and not look into any electronic components. 

We also made some assumptions. For instance that the deployment site is 

prepared when the rover lands, the antenna rolls will be stored in cartridges, 

landed on the lunar surface and that they will use Atlas V401 rocket system for 

shipping.  

 

Figure 1.2: Illustrating human generated radiation 
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2. Theoretical framework and references 
This chapter of the thesis describes the lunar ambient, the lunar surface and its 

properties, the present radiation and previously constructed rovers. 

 

2.1 Geotechnical properties 

Written by Erik Andersson and Per-Johan Bengtsson 

This section explains a number of geotechnical properties of the lunar surface, 

which are required to make fundamental calculations for a lunar rover. It will also 

discuss the surface variations, depending on the lunar geography.   

The data are collected from Lunar Soil Simulation and trafficability parameters 

(Carrier, 2006) and the Lunar Sourcebook: A User's Guide to the Moon (Grant H. 

Heiken, David T. Vaniman och Bevan M. French (eds.), 1991), which is a 

collection of data, gathered during American and Soviet lunar missions. 

2.1.1 Lunar landscape 

The terrain of the Moon can be divided into highlands and lowlands. The 

difference in altitude with heights at approximately 10000 m and depths at around 

-9000 m is fairly similar to the one on Earth. On the contrary the geology is very 

different. The Moon has no atmosphere, which makes it exposed for meteor 

impacts, but eliminates erosion due to weather. A combination of meteor impacts 

and volcanism has shaped the lunar landscape. This makes the terrain very rough 

with a few exceptions, which will be presented. 

The lunar highlands can be seen from Earth as lighter areas, and the lowlands as 

darker. Early astronomers mistook the highlands and lowlands as lands and seas. 

Even though we now know that there is not, and never was any oceans on the 

moon, however we still call the dark areas lunar maria, which is Latin for lunar 

seas. 

Lunar maria is lowlands, often impact basins, filled with lava flows. Studies have 

proven that the lava flows are considerably younger than the basins they reside in, 

which means that the maria often consists of a relatively flat surfaces, unlike the 

surrounding landscape (fig. 2.1.1) 

Figure 2.1: Flat mare (dark area) in Tsiolkovsky 

crater surrounded by rough terrain (NASA, 1968) 
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The maria represents about 16 percent of the total lunar surface. About 30 percent 

of the Earth-facing side is covered with maria, which means that the lunar maria 

represents less than 1 percent of the far side of the moon. Scientists think this 

feature is caused due to the lunar crust being thicker on the far side, making it 

hard for the basalt magma to reach the lunar surface. 

2.1.2 Lunar surface material 

The entire lunar surface is covered in a material called regolith. It consists of 

broken rock, soil, dust particles and other related materials. Regolith can also be 

found on Earth, Mars and other terrestrial planets, but each with its own specific 

properties. 

The regolith specific to our moon has a composition of oxygen, silicon, iron, 

calcium, aluminum, magnesium and other materials in small concentrations. It 

provides a fairly compact soil with a fine and powdery texture with a density of 

about 1.5 g/cm3, and is able to support a wide variety of roving vehicles, which 

we will confirm with mathematical calculations in the next section. The thickness 

of the regolith varies between 5 m on mare surfaces, and 10 m in highland areas. 

 

 
 

 

2.1.3 Trafficability parameters of lunar soil 

Just after the Apollo 11 mission, NASA issued a request for design proposals for 

the Lunar Roving Vehicle (LRV), which was used on the Apollo 15, 16 and 17 

missions. This initiated a process of soil simulations to find a soil type which 

matched that of the actual lunar surface. 

Figure 2.2: Footprint in regolith taken on the Apollo 11 

mission (NASA, 1969) 
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The Boeing Company, who was the prime contractor for the LRV, defined five 

sets of soil parameters, as shown in table 2.3-1 from the Lunar Soil Simulation 

and trafficability parameters (Carrier 2006, p. 2)  

 

 
 

 
 

 

“cb” and ”ɸb” define the maximum shear strength of the soil available to drive the 

wheel. “cb” is the coefficient of soil/wheel cohesion and its unit is [N/cm2]. ”ɸb” 

defines the soil/wheel friction angle (Carrier, 2006). 

“K” defines the fraction of the maximum soil shear strength that is actually 

mobilized due to wheel slippage. “K” is the coefficient of soil slip and its unit is 

[cm] (Carrier, 2006). 

“n”, “kc” , and “kɸ” define the pressure-sinkage characteristics of the soil under a 

wheel load. “n” is the exponent of soil deformation and is dimensionless; “kc” is 

the cohesive modulus of soil deformation and its unit is [N/cm2]; “kɸ” is the 

frictional modulus of soil deformation and its unit is [N/cm3] (Carrier, 2006). 

In 1971, after the completion of the Apollo 15 mission, an extensive evaluation of 

the LRV's performance was carried out. Costes et al. and Mitchell et al. (1973, 

1974) came to the conclusion that soil simulant type “B” was the best match for 

actual lunar soil.  

In correspondence with these conclusions table 9.14 in the Lunar Sourcebook: A 

User's Guide to the Moon (Carrier et al. 1991, p. 529) lists the current 

recommended trafficability parameters for lunar soil. 

Based on this data, we have made the decision to use the parameters of soil type 

“B” in our following calculations. 

Table 2.1: Soil type parameters (Carrier 2006, p.2) 
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2.1.4 Wheel sinkage on the lunar surface 

Before initiating any kind of mechanical design, it's essential to establish accurate 

data regarding identified problem areas. One of these areas is the wheel sinkage 

on the lunar surface. By using the soil parameters established in the previous 

section we can create and use mathematical equations and expressions to 

accurately estimate the actual wheel sinkage of a roving vehicle on the lunar 

surface. 

We have made the following calculations: 

 

 

 
 

φ = Angle generated due to wheel sinkage 

θ = 2 φ 

     
 

 
      (

   

 
) (2.3-1) 

R = Wheel radius [cm] 

z = Wheel sinkage [cm] 

      (2.3-2) 

A = Wheel footprint area [cm
2
] 

B = Wheel width [cm] 

  
  

 
    (2.3-3)* 

k = Soil consistency [N/cm
3
] 

k c = Cohesive modulus of soil deformation [N/cm
2
] 

kϕ = Frictional modulus of soil deformation [N/cm
3
] 

      (
 

   
)

 

 
 (2.3-4)* 

W = Total load per wheel [N]  

Z = Wheel sinkage [mm] 

 

‘* Lunar Sourcebook: A User's Guide to the Moon (Carrier et al. 1991, p. 526) 

Figure 2.3: Illustrates a wheel sinking into its support surface e.g lunar 

surface 
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Assume a rover with the following specifications: 

 

 R = 10cm 

 B = 10cm 

 W = 65N (≈ 160kg total weight on earth) 

 

This would generate the following results: 

 

     
 

 
      (

    

  
) 

          

  
    

  
      

      (
  

       
)

 
 
 

        

 

Regardless of which specifications we use, within reason, we get acceptable 

results, thanks to the low ground pressure of this type of vehicle. This is what led 

Carrier to write in the Lunar Sourcebook: “From the experience of the Apollo and 

Lunokhod missions, we now know that almost any vehicle with round wheels will 

perform satisfactorily on the lunar surface” (Carrier et al. 2006, p. 522) 

 

 

2.2. Radiation 

Written by Johan Winberg and Tomislav Stanimirovic 

The radiation that hits the Moon is very diverse and very different from those on 

the Earth because the Moon lacks both a strong magnetic field and a thick 

atmosphere. There are three major types of radiation at the Moon: solar cosmic 

rays, solar wind and galactic cosmic rays. These radiations consist of protons and 

electrons and the penetration can vary from micrometers to meters depending on 

their energy and composition (Heiken et al., 1991, p.47).  

2.2.1 Solar Cosmic Rays  

Solar-Flare-Associated Particles are produced by the sun. This kind of radiation is 

also called solar energetic particles or solar cosmic rays (SCR). Because 

relativistic electrons and nuclei with energies above a few MeV/u are produced 

only in large fluxes by major flares at the sun, they are present at the Moon only a 

small fraction of the time. Most of the SCR particles are emitted during the time 

near solar maximum, which occurs in cycles for 11 years. Solar-cosmic-ray 
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particles are rarely emitted during the period of the 11-year solar cycle when solar 

activity is near minimum but can be present near the Moon at any time when the 

sun is fairly active, usually when the sunspot number is above ~50. However, the 

sunspot number is only a qualitative indicator of SCR fluxes (Heiken et al., 1991, 

p.49). These energetic particles are generally a minor concern on the Moon. As 

we mentioned before a few very large solar particle events can occur each decade. 

These events would be serious radiation for humans and equipment exposed on 

the lunar surface, and it is therefore important to predict these SCR events.  

Data from earlier solar cycles, shown in Illustration I (NASA, 2013), shows that 

large particle events with above 1010 protons/cm2 are fairly rare. The existing 

data indicates that there would be several hazardous solar-particle events per solar 

cycle, and that there is only a period of a few years around solar minimum when 

such events are unlikely (Heiken et al., 1991, p.52). The prediction shows that the 

maximum sunspot number in the fall of 2013 will be around 69.  

 

 

2.2.2 Solar Wind  

In addition to the radiant energy continuously released from the sun, there is also 

a steady plasma emission. The composition of the solar wind is not well known, 

especially for heavier cores. With direct satellite measurements and analyses of 

artificial materials exposed at the lunar surface it has been possible to characterize 

large quantity of heavier core in the solar wind.  

Figure 2.4: Past solar cycles and predictions 
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2.2.3 Galactic Cosmic Rays  

Galactic cosmic rays are the dominant radiation which must be dealt with. These 

particles are affected by the Sun’s magnetic field which means their average 

intensity is the highest during periods of low solar activity when the magnetic 

field is weak and less able to deflect the particles. When the solar wind expands 

from the sun it carries magnetic fields that cause the GCR particles to lose energy 

as they penetrate into the solar system. It is shown that the highest GCR fluxes 

occur during periods of minimum solar activity (Heiken et al., 1991, p.52). This 

means that the largest possible flux of GCR particles at the Moon would be for a 

long period of very low solar activity.  

The radiation damage caused by GCR nuclei is so intense it can cause problems in 

sensitive electronic components. This requires the use of shielding to protect 

humans and electronic equipment of the Moon. Shielding of a few g/cm2 is 

usually adequate to remove most of these highly- ionizing heavy GCR nuclei 

(Heiken et al., 1991, p.54).  

There is a study made by Silvestri et al. (2012) where they looked at the ability of 

different shielding structures to protect electronics from GCR radiation. In the 

study they used the Columbus shield that reflects the Columbus module used at 

the International Space Station (ISS) and the Remsim shield designed for future 

inflatable habitats. In Table I (Silvestri et al., 2012, p.1079) the material, the 

thickness and the areal density is summarized.  

To obtain the required iron energy spectrum in the study they used the standard 

tool for radiation environment and effects calculation, namely CREME96, in the 

worst case conditions: solar minimum, GEO (Apogee and Perigee 35870 km, 

inclination 0°, no magneto-sphereic cutoff).  

Silvestri et al. (2012, p.1084) came to the conclusion that the behavior of 

electronic devices below the shield has been found to be dependent on the 

interplay between different factors: the shielding thickness, the shielding 

composition, and the device cross section. The sensitive devices such as 

Commercial off-The Shelf (COTS) are the most affected by the different shielding 

structure, thickness, and used method. The Soft Error Rate (SER) reduction has 

been found to be larger for Columbus as compared to Remsim due to the 

difference in the transmitted secondaries, especially for extremely sensitive 

devices as mentioned before.  

2.2.4 Space radiation effects  

Developing reliable space systems for lunar exploration and infrastructure for 

extended duration operations on the lunar surface requires analysis and mitigation 

of potential system vulnerabilities to radiation effects on materials and systems 

(Joseph I, Minow et al., 2007, p.1).  
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The effects of radiation environment in interplanetary space must be taken into 

account for spacecraft design. The dominant components of the ionizing radiation 

environment in interplanetary space are galactic cosmic rays (GCR) and solar 

cosmic rays (SCR) (Adams, James H., Jr., 2008, p.1). Another event that causes 

effects on spacecraft materials is meteoric particles. As a result of the space 

environment factors mentioned above, various physic-chemical processes occur in 

spacecraft materials and equipment components and lead to the deterioration in 

their operating parameters. The effects of radiation depend on the type, intensity 

and energy of the radiation, the type and temperature of the irradiated material and 

some other factors. More than 50 % of malfunctions in spacecraft equipment are 

caused by cosmic factors, according to the experts.  

Radiation effects produced by the action of the fluxes of charged particles on the 

spacecraft depend on the total absorbed space radiation dose and the dose rate. 

The most critical effects to microelectronic and optoelectronic components are 

single charged particles. The effects of these particles depend on the dose rate, 

because their appearance is related to a large energy release in a restricted volume 

of material during a short period of time (L.S. Novikov, et al., 2008, p.199).  

2.2.5 Shielding  

Shielding is arguably the main countermeasure for the exposure to cosmic 

radiation during interplanetary exploratory missions. However, shielding of 

cosmic rays, both of galactic or solar origin, is problematic, because of the high 

energy of the charged particles involved and the nuclear fragmentation occurring 

in shielding materials.  

High-energy radiation is very penetrating. A thin or moderate shielding is 

generally efficient in reducing the equivalent dose, as the thickness increases, 

shield effectiveness drops. This is the result of the production of a large number of 

secondary particles, including neutrons, caused by nuclear interactions of the 

GCR with the shield (P.Spillantini, et al., 2005, p.14).  

2.2.6 Complicating factors  

Radiation effects in spacecraft materials are very complicated. It is difficult to 

analyze the effects because the compositions and structures of many materials 

used in the spacecraft constructions are complicated (L.S. Novikov, et al., 2008, 

p.202).  

The formation of radiation defects under cosmic ionizing radiation has several 

special features. The defects produced by different radiation components interact 

between themselves and also with initial defects of the irradiated structure, with 

the result that various synergetic effects occur (L.S. Novikov, et al., 2008, p.203).  

 

 



 

2. Theoretical framework and references 

12 

 

2.3. Existing rovers 

Written by Tobias Johannesson and Karl Hansson 

This section describes already existing rovers that has driven on another celestial 

body. It describes how they are constructed and what kind of mission they were 

made for. 

The data is collected from different articles and JPL’s and NASA’s own database. 

2.3.1 Lunokhod 1 

The first rover ever to drive on another celestial body was Lunokhod (“moon 

walker” in English) and was constructed in the Soviet Union. The rover was 

approximately 2,3 meters long, 1,5 meters wide, weight approximately 800 kg and 

was a remote controlled vehicle that could run at a maximum speed of 2 km/h. It 

could drive 37 km before it needed recharging. Lunokhod had eight rigid-rim wire 

mesh wheels with bicycle-type spokes. (Vivake Asnani, 2007) The rover was 

powered by solar power during the day and at night it parked and relied on 

thermal energy from polonium-210 radioisotope heater to survive the cold (-150 

℃). 

Lunokhods first mission was Luna 17 that launched in November 1970 and after a 

successful landing on the moon it drove 10,5 km during the following ten months 

and sent back valuable data concerning the composition of the regolith, close up 

views and local topography and important engineering measurements of the 

regolith. (NASA) Lunokhod carried a French-built laser reflector and both the 

Soviet Union and the French ranged to the reflector during the first lunar night, 

followed by another success in February 1971. After this they never got real 

contact with the rover until Mars 2010. (Murphy, 2010) 

 

 

Figure 2.5: Lunokhod 1 & 2 
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2.3.2 Lunokhod 2 

Two years after Lunokhod first touched the lunar surface the Soviet Union 

launched mission Luna 21 that delivered a new rover, Lunokhod 2, to the moon. 

Lunokhod 2 was an upgraded version of Lunokhod1 with better cameras and an 

improved scientific payload. Like its predecessor it was driven by engineers on 

Earth during the day and parked at night. Lunokhod explored the moon for about 

four month and had driven a total distance of 37 km when unfortunately the 

mission was brought to an early end due to overheating.  

The two Lunokhod rovers showed the value of robotic explorers on the surface of 

another celestial body, but it would another 24 years before the next robotic rover, 

Sojourner, drove on another celestial body, this time Mars. (NASA) 

2.3.3 Lunar Roving Vehicle 

Before 1971 the United States had accomplished three successful manned lunar 

landings and totally explored a distance of approximately 7 km, compared to the 

Soviet Union that explored approximately 10,5 km with an unmanned rover. In 

July 1971 the United States launched Apollo 15 that carried America’s first 

vehicle that drove on another celestial body, Lunar Roving vehicle (LRV). The 

LRV was developed by NASA and built by The Boeing Company. Under 

development and construction the main concerns were simplicity of design and 

operation and light weight. The LRV is 3,1 m long, slightly more than 1,83 m 

wide, 1,14 m high and has a 2,29 m wheelbase. It weighs about 2130 N, including 

tie down and unloading systems, and can carry a weight of about 4800 N, 

including the weight of two astronauts and their Portable Life Support System.  

The LRV has four wheels and each wheel is individually driven by an electrical 

motor. This makes the vehicle’s top speed 9 to 13 km/h depending on the terrain. 

The rover is powered by two no rechargeable silver-zinc batteries and has two 

complete battery systems that each can provide power for operation. The LRV is 

manually operated by one of the two astronauts and normally steered by both 

front and rear wheels in a double Ackerman arrangement. The wheels are woven 

of zinc-coated piano wire with a spun aluminum hub and a titanium bump stop. 

Chevron-shaped treads of titanium are riveted to the wire mesh around each 

wheel’s outer circumference and cover approximately 50 percent of the soil 

contacting surface. Each wheel weighs 53.3 N. 

The drive motors are direct-current series, brush-type motors which operate from 

a nominal voltage of 36 V. Each motor is thermally monitored by an analog 

temperature measurement from a thermostat at the stator field. In addition each 

motor contains a thermal switch which closes on increasing temperatures at 204 

℃.  

The basic chassis is fabricated from 2219 aluminum alloy tubing and welded at 
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the structural joints. The tubular members are milled to minimum thickness 

consistent with the bending moment and shear diagrams. The chassis is suspended 

from each wheel by a pair of parallel triangular suspension arms connected 

between the Rover chassis and each traction drive. (Nicholas C. Costes, 1972) 

 

 

2.3.4 Sojourner 

Sojourner is the first unmanned rover to 

successfully land on another planet. 

The rover landed on Mars in June of 

1997 after spending seven months 

traveling through space. Sojourner was 

a part of the NASA Mars Pathfinder 

mission.  

Sojourner is a lightweight rover 

measuring only 0,63 meters long, 0,48 

meters wide and with a total weight of 

11,5 kg. The small rover is a six-

wheeled vehicle of a rocker bogie design that allows driving over rough terrain 

with a wheel diameter of 0,13 meter and a 

top speed of 0,4 meter per min. 

The rover is powered by a 0,22 sqm solar panel and backed up by a lithium 

battery. This provides up to 150Whr of energy, normal driving power that is 

required for a rover this size is 10W.  

The inner components of the rover are not designed to withstand ambient Mars 

temperatures of -110 degC during a Martian night. The solution is to place all the 

Figure 2.6: Luna Roving Vehicle 

Figure 2.7: Sojourner 
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sensitive components inside a Warm Electronics Box, WEB. The WEB houses the 

computer, batteries, and other vital electronic components. The WEB is designed 

to protect these components and control their temperature. Thermal control is 

achieved through the use of gold paint, aerogel insulation, heaters, thermostats, 

and radiators. This makes sure of a temperature inside the WEB is between -40 

degC and 40 degC at all time. (JPL) 

 

2.3.5 Spirit and Opportunity  

In 2000 the decision was made by NASA to send another two rovers to Mars, 

Spirit and Opportunity. The twin rovers landed successfully on opposite sides of 

Mars early in 2004. 

  

The designs of these rovers are based on the earlier Sojourner rover. Some of the 

carried-over design is the six wheels and a rocker-bogie suspension for driving 

over rough terrain, solar panels, rechargeable batteries for power and the WEB for 

housing sensitive components inside the rover. These new rovers are a lot bigger, 

measuring 1,6 meters long, 2,3 meters wide and with a total weight of 174 kg 

each. (NASA/JPL, 2005) 

 

For driving the twin rovers have six wheels and a rocking-bogie suspension, each 

wheel have it individual motor for power and the two front wheels and the two 

rear wheels can turn, this enable the rovers to turn in place. The vehicles have a 

top speed of 3 m/min. The vehicles are also designed to safely operate at tilts up 

to 30 degrees but are constructed to withstand tilts up to 45 degrees whiteout 

falling over.  

Power to the rover is provided by the solar arrays, generating up to 140 W of 

power under full Sun conditions. The energy is then stored in rechargeable 

batteries.  

 

The chassis of the rover is based on a box design. The chassis contains the WEB, 

which works the same way as on the previous rover Sojourner, on top of the WEB 

is the triangular rover equipment deck, on which is mounted the Pancam mast 

assembly, high gain, low gain and UHF antennas. Attached to the two forward 

sides of the equipment deck are solar arrays that are level with the deck and 

extended outward with the appearance of a pair of swept-back wings. Attached to 

the lover front of the WEB is the instrument deployment device, a long hinged 

arm that protrudes in front of the rover. At top of the Pancam mast assembly is the 

mount for a panoramic camera and cameras for navigations, at a height of about 

1,4 meter.  
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Communications with Earth are in X-band via the high gain directional dish 

antenna and the low gain omni-directional antenna. Communications with orbiting 

spacecraft are through the ultra-high frequency, UHF, antenna.  

 

 

2.3.6 Curiosity 

Curiosity is the forth and biggest rover on Mars as of this day, with roughly the 

same size as a small car. Curiosity landed safely in august 2012.  

Curiosity also has some key components from its predecessor like the six wheels 

and a rocking-bogie suspension, a WEB for housing sensitive components, high 

gain, low gain and UHF antennas for communication, a mast on its equipment 

deck with a panoramic camera, cameras for navigation and a long arm for 

executing various experiments on the Martin surface. 

Curiosity is, as said, roughly the same size as a small car measuring 3 meters long, 

2,7 meters wide, 2,2 meters height and a total wait of 900kg. This makes Curiosity 

by far the biggest unmanned rover to set its wheels on another celestial body.  

This rover is based on the same box design as its predecessor with a WEB to 

house sensitive components. Curiosity also carries a science laboratory to be able 

to carry out more advance experiments. The rover is based on the same six wheels 

and rocker-bogie suspensions as the earlier rovers, with an individual motor for 

power to each wheel and steering at the two wheels at the front and the two 

wheels at the rear. Curiosity has a top speed of 2,4 meters per minute.  

Curiosity carries a radioisotope power system that generates electricity from a 

heat of plutonium’s radioactive decay. This power source gives the mission an 

operating lifespan on Mars surface of at least a full Martian year, almost 2 Earth 

Figure 2.8: Spirit 
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years. This also providing significantly greater mobility and operational flexibility 

it also enhanced the science payload capability. (NSSDC) 

 

 
 

3. Prerequisite 
 

In order to construct the deployment mechanism, we need to know the size and 

weight of the antenna rolls. However, this is a problem because there are no 

antennas made for this purpose and therefore no measurements of their size. To 

solve this problem we decided to find out, roughly, how big the antennas would 

be rolled up as a roll and what their weigh would be. We did this by looking up 

possible materials that the antenna rolls could be made of and assume values that 

we believe are on the high side of what the values will be when they are 

constructed.  

After doing some research for materials that could be relevant we found the 

material DuPont Kapton. DuPont Kapton is available in many different series and 

is a polyimide film that works well in environments with large temperature 

changes. Depending on the class chosen by DuPont Kapton the film is specialized 

for different things, but common for almost all series is their high temperature 

resistance and good mechanical properties. DuPont Kapton is today widely used 

in the areas of aerospace constructions. After looking around on different DuPont 

Kapton series, we see that the thickness varies between 25 – 125 µm. (DUPONT) 

As the film will contain antenna parts we assume that the film will consist of two 

layers, where the antenna parts are located between the two layers of DuPont 

Figure 2.9: Curiosity 
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Kapton films. It is unclear how thick such an antenna part is but assumes the 

antenna film will have a thickness of approximately 0,1 - 0,5 mm, including the 

two layers of DuPont Kapton films, when constructed.  

When we now have a material and a thickness we are able to do some calculations 

of what the size and weight would be of the antenna rolls. In order to make the 

calculations, we first have to build a mathematical formula that describes the size 

and then we can calculate the weight with help of the density.  
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Thickness, t [mm] 0,1 0,2 0,3 0,4 0,5 

Biggest radius, R [mm] 75,4 94,2 109,8 123,4 135,7 

Weight, m [kg] 15,3 30,6 45,9 61,2 76,5 

Table 3.1: Illustrating how size and weight depends on thickness 

Figure 3.1: Illustrating looks of antenna roll 

R 

r 

R = Biggest radus 

r = Shaft Radius 

t = Thickness on film 

L = Length on film 

b = Width on film 

m = mass on film 

ρ = Density on film 

V = volume on film 

Values: 

L = 100000mm 

b = 1000mm 

r = 50mm 

ρ = 1,53 g/cm3 
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4. Method 
This chapter describes the method used in this thesis. 

 

4.1. Method discussion 

When working with product development there are many different methods to 

choose from or combine so that you can work in a structured and controlled 

manner. There are methods for every step in the development process, from how 

to choose a project to how to promote a finish product. Since this project and the 

product that is going to be developed already are decided by JPL there is no need 

to look into methods for how a project is chosen in this thesis.  

 

Since this project is limited to conceptual construction due to a time shortage, 

there is no need to look in to methods for detailed engineering, manufacturing or 

how to promote a product. With other words in this thesis there has only been 

focus on methods for principle construction.  

 

Before it was determined which method would be used in this project some 

different and already created methods was looked into, with focus on their 

concept construction part. The methods that were looked into were 

Principkonstruktion by Fredy Olsson (Olsson, 1995), Total design by Stuart Pugh 

(Pugh, 1990), Product design and development by Kart T. Ulrich and Steven D. 

Eppinger (Karl T. Ulrich, 2012), Engineering Design by Dym & Little (Clive L. 

Dym, 2009), Engineering Design Methods by Nigel Cross (Cross, 2008), The 

Mechanical Design Process by David G. Ullman (Ullman, 2010) and Engineering 

Design by Dieter & Schmidt (George E. Dieter, 2009). 

 

After reading and analyze these different methods you can say that they pretty 

much are the same. You can divide all these methods into some basic steps, start 

out with a product definition where all parts that makes up the product are 

defined, the products main- and sub purpose, the link between the product and 

humans and who is going to use the product is analyzed and mapped.  

 

The next step when the product has been defined is a product study. Are there 

already similar products on the market, if it is, how are they designed and how do 

they meet the product specifications. After this is it time to make a product 

specification for our on product were suitably requirements and desired are 

selected. 
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When the product specification is done it is time to start a concept generation, also 

called brainstorming. In the brainstorming you try to come up with as many 

different concepts as possibly that meet your earlier requirements and desired.  

 

When you are satisfied with your brainstorm and the ideas you come up with is it 

time to continue working with the ideas you got and figure out which one is the 

better one. It is mainly in this step the different methods divide and are different 

both in how many evaluations there are to do and how the evaluations are 

performed.  

 

4.2. Methodology of this thesis 

This project started out by developing a product specification for the entire 

product. After this the project was divided into two separate steps. In the first step 

all three groups worked together to come up with a strategy for the deployment of 

the radio telescopes. In the second step each group worked separately to design 

the part they were assigned.  

 

In the first step, when the deployment strategy where design the groups decided to 

use a method that they come up whit themselves. The idea was to come up whit 

some different concepts for the deployment and then weight their advantages and 

disadvantages against each other and then chose the concepts with the best results.  

 

For the method in the next step it was decided to use the main parts from Osborn's 

method (Osborn, 1963) with some parts from Fredy Olsson’s method (Olsson, 

1995) Osborn´s method looks like following: 
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The parts that were used from Fredy Olsson’s method were the how the basic- and 

detailed evaluation were made. Fredy Olsson has different matrixes for how to 

weight the different criteria’s and then how to get the best concept. (Olsson, 1995) 

5. Results 
This chapter will describe the results of this thesis. 

 

5.1. Product definition 

This section describes the product definition of the product. 

 

5.1.1 Product 

The goal with this project is to construct a roving vehicle that is able to deploy 

radio antennas on the dark side of the moon.  This rover will be designed to 

operate on the moon, taken into account the temperature differences during day 

and night and also an array of cosmic rays that is constantly present on the moon. 

The rover is divided into three product units. The chassis is for stability and 

protecting vital components, a deployment mechanism for deployment of the 

antennas and a drive system for mobility. 

These units are then divided in to product parts. The drive system consists of 

wheels, suspension and power transfer. The chassis is divided into interior and 

Figure 4.1: Method used in this thesis 

Brainstorming 

Concept  Concept  Concept Concept  

Basic evaluation 

Concept  Concept  

Detailed evaluation 

Chosen concept 

Further Development 

Concept  

Concept  Concept Concept  
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exterior. The interior part is to hold and protect vital inner components and the 

exterior to provide stability and attachments for outer components. 

 

 

5.1.2 Process 

 

 
 

 

After deployment from the lunar landing module the rover heads to the stationary 

rack which holds multiple antenna rolls. This stationary rack will be located near 

Mission/Project Usage/context Product Units Parts 

          

New type of lunar 
rover 

Deployment of 
radio antennas 
on the lunar 
surface 

Lunar 
rover 

Drive system 
 
Chassis 
 
Deployment 
mechanism 

Transmission 
 
Suspension 
 
Wheels 
 
Internal 
chassis                      
 
External 
chassis  
 
Deployment 
mechanism  

Figure 5.1: Initial Process schematic  

Table 5.1: Product overview 
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the landing site, prior to this 

mission. Here it will fetch one 

antenna rolls. The rover will then 

need to travel between 100 m and 1 

km from the landing site/stationary 

rack to reach the deployment site. 

After reaching the destination the 

rover will deploy each antenna roll 

in a controlled manner while 

preventing sideways tension as the 

film settles on the lunar surface. 

When the 6 antennas are deployed in 

the form of a star, as seen in the 

Figure 5.2, the rover takes place in 

the middle of the films and acts like 

a transmission hub. 

 

 

 

5.1.3 Surroundings 

The rover is placed in a lunar module which will be carried to low earth orbit 

(LEO) by an Atlas V rocket system. The lunar module will land at the far side of 

the moon, and deploy the roving vehicle. This rover will then carry out the current 

mission.  

 During launch, flight and landing the rover can be subjected to forces up to 

20 times that of Earth's gravity (20 g) 

 Outside Earth's atmosphere and at the lunar surface, the rover will be 

exposed to various radiation types. Mainly Solar Cosmic Rays (SCR), 

Galactic Cosmic Rays (GCR) and solar winds (Section 2.2 - Radiation 

Environment) 

 A suitable location for this kind of mission could be the lunar mare 

Tsiolkovsky, at the far side of the moon. Surface conditions of lunar 

marina are presented in: Section 2.1 - Geotechnical properties' 

5.1.4 Human interaction 

The only type of human interaction a mission ready rover of this type will have, is 

initial loading in lunar module and remote access for managing and data 

upload/download. 

Figure 5.2: Example of antenna deployment 
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5.1.5 Economical aspects 

The project definition specifies that the economic aspects will not be taken into 

consideration. 

5.2. Product design specification 

In the list below there is lined up the product design specifications. This design 

specification tells what the rover must be able to withstand and accomplish on its 

maiden voyage on the lunar surface.  

1. Equipped with elevated camera 

2. The rover must house and protect vital electrical components 

o Communication unit 

o Remote managing and controlling 

3. Rover and lunar landing module must meet the space requirements of the 

Atlas V 401-4S (4x9.4 m, nose cone) 

o Compact design 

4. Rover design must withstand forces up to 20 g 

5. Maximum ground pressure at 3 kPa 

6. The rover must withstand the lunar radiation environment 

o Solar wind 

o SCR 

o GCR 

7. The rover must withstand temperature differences of ±125 °C 

8. The antennas shall be deployed in a star-pattern 

9. If an antenna malfunctions or is destroyed, a new antenna can be deployed 

10. The rover will act as transmission hub for the antennas 

11. 8/10 stations must be operational within 90 days 

12. 7/10 stations must remain operational after six months 

 

5.3. Deployment strategy 

This section will describe the deployment strategy. 

 

5.3.1 Antenna rolls deployed by rover vs. Autonomous antenna rolls 

To be able to make a decision of which concept is the better we put together the 

table you see below. In the table we lined up the advantages and the disadvantages 

of the two different concepts and then weighted them against each other.  

In the concept deployed by rover the advantages that we can see is that the 

antenna rolls would be smaller and easier to construct because there is no need to 

put any equipment inside or around the rolls for deployment. There are also noting 
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Table 5.2: Evaluation of Deployed by rover vs. 

Autonomous antenna rolls 

that’s needed to be protected against the Luna ambient. Another advantage is a 

more stable deployment. A disadvantage is that the deployment would take longer 

time because the rover has to deploy the rolls itself. If we look when the rolls are 

rolled out we see an advantage thanks to the rovers’ ground clearance, and this is  

that small stones or other obstacles don’t make any problems because the film is 

rolled out on top of them.   

In the strategy with autonomous antenna rolls the advantages we can see is the 

reduced distance the rover will have to travel because it don’t have to deploy the 

rolls itself. This will also save time because when the rover have placed a roll 

where it supposed to be the autonomously roll rolls out itself meanwhile the rover 

drive back and pick up next antenna roll. The disadvantages we can see with this 

strategy are that the rolls will be larger and heavier because they have to some sort 

of deployment system attach to the rolls or inside the rolls. Some of these 

components will be hard to shield from the radiations that affect the moon. 

Another disadvantage is that it will be an unstable deployment because the rolls 

will have bad ground clearance and if one of the wheels will get stuck by a stone 

the other will keep drive ant the whole film will get turned.  

 

 

Concept Deployed by rover 

W
e

igh
tin

g Autonomous antenna rolls 

W
e

igh
tin

g 

Advantages   (1-5)   (1-5) 
  Lighter/smaller rolls 5 Shorter distance for rover 1 

  
More stable/secure 
deployment 5 Save time 1 

  
Lesser chance for film 
to stuck 4     

          

Disadvantages   
(-5 - -

1)   
(-5 - 
-1) 

  
The rover must drive 
longer -1 Larger, heavier rolls -5 

      unstable deployment -5 

      
Problem if the film get 
damaged -4 

      Little space for construction -4 
      Radiation shielding -5 
          

Sum:   3,67   
-

3,60 
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After doing this we decided that the strategy where the rover deploys the antenna 

rolls is the better and a more stable way to deploy the antenna.  

 

 

5.3.2 Rover as base station vs. External base station 

We also have to decide if the rover is to be the base station to each unit or if we 

should move and place an external base station in the center of each antenna units. 

This way we would not lock the rover in one place after the antenna units are 

deployed and we can use the same rover to deploy more antennas units.  

In the strategy with an external base station an advantage is that one rover can 

deploy more the one antenna unit, which leads to lesser rovers needed to be 

constructed and shipped to the moon. This probably also reduces the rovers size. 

Another advantage is if the rover should break down or get stuck before it 

completed deploying the antenna rolls in one antenna unit, the base station and the 

antenna rolls that already are deployed will still work. A disadvantage with only 

one rover deploying more than one antenna unit is if the rover would break down 

or get stuck early there will not be any more base stations or antenna rolls 

deployed. 

As we can see there are no direct advantages within having the rover as a base 

station. However there are some disadvantages, the rover would be larger, if the 

rover brakes down or get stuck before it has completed a full antenna unit nothing 

will work. We also would have to ship more equipment to the moon.  

 

After this we decided that the strategy with an external base station is better and 

more secure than if the rover is the base station. 
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Table 5.3: Evaluation External Base station 

vs. Rover as base station 

 

 

Below is a simplified process schematic for how the rover will act when there is 

an external base stations. 

 

   

Communication 
unit pick-up 

Rove to 
deployment site 

Deploy 
communication 

unit 

Antenna roll  
pick-up 

Antenna 
deployment 

Fetch new 
antenna roll  

Repeat until  all  
six antennas are 

deployed  

Standby for 
new tasks 

Concept External base station 

W
eigh

tin
g

 Rover as base station 

W
eigh

tin
g

 

Advantages   (1-5)   (1-5) 
  Smaller rover 4     

  
Same rover for several 
units 5     

  
If rover breaks antennas 
still works 5     

  
 Works as anchor point 
for antenna rolls 5     

    

 

    

Disadvantages   
(-1 - -

5)   
(-1 - -

5) 

  
If rover breaks no more 
deployment -5 Larger, heavier rover -2 

    
 

If rover breaks and 
nothing works -5 

    
 

One rover for each 
unit -4 

    
 

    
Sum:   -0,25   -3,67 

Figure 5.3: simplified process schematic when an external base 

station is used 
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Table 5.4: Specifications for deployment 

mechanism 

5.4. Deployment mechanism 

This section will describe the deployment mechanism. 

 

5.4.1 Specifications 

In the following table you can see the requirements and desires for the 

deployment mechanism. The desires are weighted according to Freddy Olsson´s 

method (Olsson, 1995). 

 

Design Specification 
Requirements 

[R] / Desired [W] 

Hold the weight of the rolls R1 
Withstand radiation R2 

Withstand temperature R3 

Withstand launch R4 

    

Motions in one plane D1 

As few moving parts as possible  D2 
Simple construction D3 

Foldable D4 

 

 

 

5.4.2 Basic Evaluation 

In the table in appendix 3 you can see the different design specifications that 

where put up for the deployment mechanism. There are both requirements and 

desires. As the requirements are depending on the continued development where 

choice of thickness and material will be made all our concepts will get the same 

results and therefore there were no weighting in these. The wishes were weighted 

between 0 - 3, where there is good, one is bad and zero does not work. The results 

is as shown in the table were concept one, two and thirteen is proceeding to 3D 

CAD construction.  

In appendix 2 you can see the thirteen different concepts. 

The first two concepts are fairly different; the third concept is a combination of 

the first two.  
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Concept one is roughly two jaws which can open and close, when they are closed 

they create a grip around the antenna roll and hold it sturdy. In the center of the 

grip there is a roll that will rotate the antenna roll when it is being deployed. 

(Figure 5.4) 

 

Concept two is a grip whit only one jaw that creates a grip when it closes and 

holds it sturdy. This concept has the same strategy for turning the antenna roll 

while it is deployed. (Figure 5.5) 

 

Concept thirteen is a combination of concept one and two. It has one moving jaw 

that will create a sturdy grip of the antenna roll and as in concept one everything 

is rotating round one point. Also in this concept there is a roll in the center that 

will rotate the antenna roll ass it is being deployed. (Figure 5.6) 

 
Figure 5.6: Concept 13 

Figure 5.5: Concept 2 

Figure 5.4: Concept 1 
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5.4.3 Detailed evaluation 

To be able to make an informed choice witch of the tree concepts to continue 

working on there had to be made a detailed evaluation.  

The method for how this detailed evaluation has been carrying out is taken from 

Freddy Olsson´s method for principle construction. (Olsson, 1995) 

The results of the detailed evaluations are visibly in the tables below. Where 

concept thirteen was chosen as the better one.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Design Specification 
Requirements [R] 

/ Desired [W] 

 Hold the weight of the rolls R1 

 Withstand radiation R2 

 Withstand temperature R3 
 Withstand launch R4 

     F 
Motions in one plane D1 0,3 

As few moving parts as possible D2 0,2 

Simple construction D3 0,3 

Foldable D4 0,2 

  
Concept 

1 
Concept 

2 
Concept 

13 

R1   

R2   

R3   

R4   

        

D1 4xFD1 4xFD2 4xFD1 

D2 2xFD2 3xFD2 4xFD2 
D3 2xFD3 3xFD3 4xFD3 

D4 4XFD4 4XFD4 4XFD4 

        

Total 3 3,6 4 
 

   

  D1 D2 D3 D4 C P F 

D1   0 2 2 1 6 0,3 

D2   0 0 0 3 4 0,2 

D3     -2 2 5 6 0,3 

D4       -4 7 4 0,2 

     
Total 20 1 

Table 5.7: Design Specificatons 

Table 5.5: Weight factor of desires 

Table 5.6: Detailed evaluation 

C: correctional factor 

P: Individual points 

F: Weight factor 



 

5. Results 

31 

 

 

In appendix 4 you can see some pictures of how the deployment mechanism is 

supposed to work.   

Figure 5.7: A 3D module of final concept 



 

6. Conclusion 

32 

 

6. Conclusion 
When we now are done with the principal construction, as our goal was, and have 

a concept of how the deployment of the antenna rolls where to be executed on the 

dark side of the Moon. As you can read earlier in this thesis we have come to the 

conclusion that of all our concept, concept 13 is the best one and the one the we 

think as the best potential for continued development. Figure 5.4 shows basic 

drawing of how the concept works. Basically there is a griping claw, within this 

claw there are four wheels, three smaller ones that can turn freely and a forth 

bigger wheel that is connected to an electric motor. This enables the griping claw 

to pick up and secure a tight grip but at the same time be able to deploy the 

antenna and unroll it at the right time.  

 

The griping claw is attached at the end of an arm that is connected to the rover. 

This arm has basically two parts with an elbow like joint in the middle. The arm 

can rotate freely around its connection to the rover and also the griping claw can 

rotate at the end of the arm.  

 

This makes sure that the rover can reach out, pick up and grip the antenna roll 

carry it to the deployment site and carry out its mission.  
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7. Critical review 
The goal with this project was to work out a concept idea for a rover that is able to 

deploy an interferometer on the dark side of the Moon. As you can read earlier in 

this thesis we have come up with an idée that we are satisfied whit. But the pas six 

month haven’t always been easy. Considering this is a big project the first thing 

we did was some major delimitations, as the project has moved forward we also 

have been forced to make more delimitations and some assumptions.  

The biggest delimitation we did was to only focus on the mechanical part of the 

rover. This means that we did not at all look into the electronic components of the 

rover, like the rover’s brain, steering or communication. This did not have a major 

impact on how the project was carried out, we just make sure that there were room 

for the electronic components. Another big delimitation was also that we only 

were focusing on a principal construction and there for did not go in to any 

details.  

 

During the project there has come up things along the way that we needed to 

know, but was not constructed or decided how they were going to work or look 

yet. So to solve this problem we had to make some assumptions to be able to 

continue our work.  

 

A hard part of this project has been just all the assumptions we have been forced 

to make during the project. Many of these assumptions is, if you look into it, a 

project of its own and because of a time shortage we could not go in to them 

deeper and were forced to make an assumption. This means that the solutions we 

have come up with is general and some of this is probably to changes in the future 

if the assumption we made shows to be different. There have been different kinds 

of assumptions, some of them are to make our work essayer and others to be able 

to continue at all.   

 

An example of a assumptions we made is that the antenna roll already have landed 

on the Moon when the rover gets there, also that they are in some kind of rack so 

that they are easy for the rover to pick up. We have not put any time on 

constructing a rack, but this is something that needs to be constructed alongside 

whit the rover so that they can operate together.  

 

Another example is the antenna rolls itself. Since the exact structure of the 

material that is going to be used is not decided we cannot yet know what diameter 

or what weight the rules going to get. So we made an assumption and emanated 

from that. This means that the concept we picket as the best one maybe will be 

disregarded later.  
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We also made the assumption that ground where the antennas are to be rolled out 

is already prepared. This means that after the rover has landed it can start whit the 

main mission directly and deployed the interferometers. We made this assumption 

due to lack of time. If it was not so that the landing site was prepared we would 

have been forced to construct our rover so that it prepared the site before it started 

rolling out the antennas or construct a rover only for this. 

 

8. Future work 
Since this project is fairly big there is a lot of work remaining before there is a 

rover on the Moon. We decided to only look at the principal construction and the 

mechanical parts of the rover, this means there are a lot of work remaining whit 

detail construction and all the electronic components of the rover. The detail 

construction is a big part of a project and takes a lot of time. This is because in 

this step you go in to all the details and construct every part that makes the rover. 

In this step you also need to include the electronic parts and the brain of the rover.  

 

Other suggestions to future work is to design and construct the base unit to every 

interferometer, this needs to be design so it can communicate whit the antennas, 

the rovers and Earth. It also must be design so that the rover can pick it up and 

carry it to the deployment site. More suggestions are the antenna rolls itself, and 

the rack that they are going to be stored and shipped in to the Moon in.  

 

There also are needs of some sort of software which enable the rovers to 

communicate whit Each other, the bas units the rack that’s store the antenna roll 

and Earth. Also a software for the rover itself, since the rover is supposed to work 

automatically and be able to figure out where to drive and how to get there.  

 

When some of the suggestions above are completed it is also time to start with 

some test here on Earth, to make sure the rover can perform and do what is 

expected of it.  
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Appendix 1 

 

This is a suggestion of how the rover could look. 
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Appendix 2 

 

The Thirteen different Concepts that were brainstormed. 

 

 

Sketch 1 

 

 

Sketch 2                 Sketch 3 

 
 

 

Sketch 4    Sketch 5 

 
 

 

Sketch 6    Sketch 7 
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Sketch 8    Sketch 9 

 
 

  

Sketch 10    Sketch 11 

 
 

 

Sketch 12    Sketch 13 
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Appendix 3 

 

 

Design Specification 
Requirements 

[R] / Wishes [W] 
Sketch 

1 
Sketch 

2 
Sketch 

3 
Sketch 

4 
Sketch 

5 
Sketch 

6 
Sketch 

7 
Sketch 

8 
Sketch 

9 
Sketch 

10 
Sketch 

11 
Sketch 

12 
Sketch 

13 

Hold the weight of the 
rolls 

R1 - - - - - - - - - - - - - 

Withstand radiation R2 - - - - - - - - - - - - - 

Withstand temperature R3 - - - - - - - - - - - - - 
Withstand launch R4 - - - - - - - - - - - - - 

Motions in one plane W1 3 3 3 3 3 3 1 2 3 1 3 3 3 

As few moving parts as 
possible 

W2 2 3 3 3 2 1 2 1 2 3 1 3 3 

Simple construction W3 3 3 1 2 2 1 1 1 1 1 2 3 2 

Foldable W4 - - - - - - - - - - - - - 

Own thoughts W5 3 3 1 2 2 1 1 2 1 1 2 3 2 
Summa:    11 12 8 10 9 6 5 6 7 6 8 12 10 
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Appendix 4 

Shows how deployment is supposed to work. 

 

Start position  

 
Collect antenna roll in racket  
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Grip antenna roll 
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Transportation to deployment site 

 
Start deployment 
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Appendix 5 
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