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The present paper describes the development of the Autonomous Lunar Investigation and 

Communications Explorer (A.L.I.C.E.). The A.L.I.C.E. is a lunar rover design concept 

tailored for enhanced lunar exploration while minimizing human intervention. The rover 

must follow a set of requirements, ensuring its survivability on the Moon. The design of 

A.L.I.C.E. was specialized to account for Clavius Crater being the landing point and mission 

area. Details of this paper include its mission profile, thorough explanations of the process of 

selecting optimal instruments, CAD models of A.L.I.C.E. with descriptions of each view, and 

calculations regarding weight and power consumption of the rover. The rover will be used to 

collect lunar soil samples. These samples will be stored in an on-board compartment and 

brought back to the base station. Results and analysis of the model tested in simulation are 

also discussed. By reducing human intervention and increasing scientific data collection 

capabilities, this concept offers a significant leap forward in lunar surface exploration, 

potentially paving the way for future space missions and scientific discoveries. 

I. Nomenclature 

m = mass 

D = density 

V = volume 

F = force 

a = translational acceleration 

N = Newtons 

kg = kilograms 

mm = millimeters  

 

Keywords: Lunar rover, design iterations, lunar rover design requirements, autonomous lunar rover concept 

II. Introduction 

Over the last several decades, unmanned vehicles have been sent to further develop our understanding of planetary 

surfaces. In recent years, there has been a resurgence of interest in lunar exploration, with the goal of expanding on 

scientific investigations. An essential component is the progress of autonomous rovers, which are capable of 

navigating and exploring the lunar surface without constant human interference. The design of an autonomous lunar 

rover should encompass several elements such as mobility, energy storage, communication, scientific instruments, 

and autonomous capabilities. Each aspect plays a critical role in navigating safely in the lunar terrain and gathering 

scientific data. The unique conditions of the Moon, such as an extreme range of temperatures, rugged surface, and 

limited resources, necessitate innovative solutions to ensure the vehicle’s reliability, longevity, and adaptability. The 

rover must also be capable of efficiently utilizing available power sources, communicating with Earth, and operating 

autonomously to carry out mission objectives. Through a thorough examination of existing mission concepts and 

insights from previous rover missions, this paper will delve into the technical and operational aspects of an 

autonomous lunar rover. By analyzing and synthesizing current research, an optimal design framework for the rover’s 

capabilities can be proposed for lunar exploration. The development of an autonomous rover provides a significant 

leap forward in lunar exploration. This research will contribute to the existing body of knowledge by introducing a 

design concept that addresses the technical, operational, and scientific aspects of such a vehicle. It is aimed to facilitate 

the advancement of lunar exploration and pave the way for new ideas on the Moon. 
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III. Literature Review 

Over the years, numerous rover design studies have been conducted focusing on various aspects of the 

vehicle. James Zakrajsek provides a comprehensive overview of various design concept proposals designed for 

future Moon and Mars missions, built on the reviews of past missions [1]. For each concept, they highlight the key 

features, challenges, and potential benefits, offering valuable insight for the development of advanced exploration.  

Simon Kassel presents a breakdown of the Russian lunar-exploration vehicle, Lunokhod-1, providing 

information on its structure, automation, operation, and other relevant data [2].  

 V. Gromov considers the features of design, benefits, and results of the Russian Lunokhod-2 mission [3]. They 

pay particular attention to the chassis, which has allowed the rover to traverse at significant cross-country distances 

and investigate the lunar surface. 

Brian Wilcox analyzes the performance of the Sojourner rover, which landed on Mars on July 4th, 1997 

[4]. This includes its telemetry, commands, and images, contributing to the understanding of its pros and cons, and 

the progress of rover design. 

Mark Maimone presents a complete review of the twin Mars rovers Spirit and Opportunity, and more 

specifically, their autonomous navigation capabilities [5]. They depict the benefits of the rovers’ mobility and 

navigation, giving the ability to use the concepts for designs in the near future. 

Joy Crisp provides insight into the mission, purpose, and goals of the twin rovers (Spirit and Opportunity) 

[6]. Along with its purpose, they describe the instruments being used and their placements, Entry, Descent, and 

Landing (EDL), and other parts of the rovers’ path. 

J. Purvis discusses the design process and prototype performances of a rover that could potentially be used 

on the Moon, but has only been tested terrestrially [7]. They explore how the design decisions were derived, what 

problem(s) they may assist with, and the benefits and risks of each. 

Wendy Amai discusses the development of a prototype of the RATLER project, started in 1993 [8]. They 

list the weaknesses of the design, and proposals on how to address them, providing considerations to make in 

upcoming projects. 

         NASA provides a brief summary of the Yutu-2 rover on the Chang’e 4 mission, including its mass, 

dimensions, and instrumentation [9]. 

Justin Maki extensively examines each of the ten types of cameras used in the Spirit and Opportunity 

rovers, including the Hazard Avoidance cameras, Navigation cameras, and the Descent camera [10]. A detailed 

evaluation of these cameras allows the comparison and consideration of features that should be used for optimal 

performance. 

Javier Gómez-Elvira offers a detailed description of the Rover Environmental Monitoring Station (REMS) 

component, which measures UV radiation, atmospheric pressure, air and ground temperature, humidity, and wind on 

Mars [11]. Through the data sets, they give perception to the efficiency of the instruments in use. 

Javier Gómez-Elvira heavily discusses the benefits of the sensor group and the mixture of purposes that 

contributes to its importance [20]. They describe in detail each of the sensors that constitutes REMS scientific 

potential their data can hold. 

NASA characterizes the Radiation Assessment Detector (RAD), a sensor on the Mars rover Curiosity to 

measure radiation in the environment [36].  

Steven Squyres explores the purpose and results of the suite of scientific instruments on the Spirit and 

Opportunity rovers, entitled the Athena Payload [12]. For each instrument, it features the primary scientific 

objectives, functionality, and design, developing understanding to increase the possibility for further improvement. 

Martin Schrön describes the applications of Cosmic Ray Neutron Sensing (CRNS), a concept for measuring 

soil moisture in fields in a non-invasive manner [13]. This concept could have potential applications used in 

extraterrestrial environments. 

Jim Bell discusses the camera system, called Mast Camera (Mastcam), on the Curiosity rover [14]. They 

point out the calibration process, the benefits of the calibration process, its results, and key characteristics of the 

camera system. 

J. A. Rodriguez-Manfredi assesses the Mars Environmental Dynamics Analyzer (MEDA), a sensor suite to 

analyze the Martian environment, on the Perseverance rover [15]. They also provide a comparison to previous 

environmental monitoring payloads. 

Daniel McCleese considers the Mars Climate Sounder experiment held on the 2005 Mars Reconnaissance 

Orbiter which attempted to characterize the Martian atmosphere and climate with the same precision of terrestrial 

weather satellites [16]. They compare the instruments’ benefits and disadvantages, giving an overall overview of its 

efficiency. 
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Rajeshuni Ramesham includes an extensive overview of Platinum Resistance Thermometers (PRT) used on 

the Curiosity rover which monitors the temperature of its electronics [17]. They emphasize the criticality of sensors 

to the health of the hardware during the mission life cycle. 

Gaetano Quattrocchi explains the instrumentation on the Curiosity rover that has the purpose of regulating 

the temperature within its parts [18]. For each instrument, they provide a detailed summary of the attributes, 

mechanisms, and functionality. 

Ramona Gaza discusses the advantages of the Battery-operated Independent Radiation Detector (BIRD), 

and in addition, makes a comparison of the instrument to the radiation area monitor (RAM) [19]. 

Dirk Schmanke gives a general summary of the experimental purposes and features of the Alpha Particle 

X-Ray Spectrometer (APXS) sensor head, as well as its experimental results [31]. 

NASA briefly synthesizes information on the Rock Abrasion Tool as used on the MER-A rover, also 

known as Spirit, including the tool’s qualities such as mass, dimensions, power usage, and scientific benefits [32]. 

The Analyst’s Notebook, produced by NASA’s PDS Geosciences Node, comprises of a comprehensive 

overview of the Mössbauer Spectrometer (MB) used to obtain the mineralogical information of rock, soil, and dust 

on Mars by the Mars Exploration Rover missions [33]. The overview considers information on its objectives, 

calibration, operational considerations, and the electronics used. 

Rao Surampudi proposes an extremely thorough review of the various energy storage technologies that 

could potentially be used in extraterrestrial missions [21]. Along with a thorough review, there are insightful 

comparisons for each type of technology which provides more knowledge when deciding the optimal product. 

Patrick Peplowski reports the performance of the Neutron Spectrometer System (NSS) through a science 

calibration campaign, describing its purpose and benefits [35]. The NSS is used in the concept of the VIPER lunar 

rover.  

Jack Mondt assesses the potential of advanced energy storage technologies to enhance future missions [34]. 

F. C. Krause evaluates commercial Lithium-Ion battery cells, delving into the design, production, and 

capabilities of each type [22]. Through the consideration of several experiments and missions in which the cells 

were used, they synthesize the information into the ideal Li-ion cells available to use in prospective space missions. 

John-Paul Jones provides a summary of batteries that have been used in both past, current, future, and 

concept robotic spacecraft missions, evaluating the extent to which the battery contributes to the efficiency of the 

robot [23]. They specifically focus on the missions operated by the National Aeronautics and Space Administration 

(NASA) Jet Propulsion Laboratory (JPL). 

Ratnakumar Bugga provides insight into the optimal energy storage technologies for numerous mission 

types such as landers and rovers, orbiters, and probes [24]. 

Florian Cordes reviews the design of the rover Sherpa, focusing on the mechanical design process of its 

suspension system, and discussing the achievements and drawbacks of such a design [25]. 

Stephen Gerdts covers the design and development of the Lunar Rover Optimization Platform (LROP) 

targeted for medium class rovers [26]. They analyze the several wheel design experiments that have been conducted, 

strengthening the platform’s abilities. 

David Braun describes the design, test, and results of the development of a DC brush motor specifically for 

longer duration operations in low temperature, built off of past challenges faced with DC brush motors [27]. 

L. K. Ding details the results of the exploration experiments conducted by the Yutu-2 rover on the lunar 

surface, examining the rover path, physical properties of the same path, and scientific investigations that were 

carried out along with the instrumentation used for the investigations [28]. 

T. V. Torchynska assesses the options for high efficiency solar cells and compares the most popular 

choices, giving the advantages and disadvantages of each Si, GaAs, InGaP, and InP solar cell [29]. 

Geoffrey Landis discusses the potential advantages for advanced solar arrays to be used in future Mars 

missions [30]. Several test results of solar cell technologies operating under Mars conditions are presented and 

analyzed, taking into account the environmental challenges that the solar array operation faces. 

Inspired by these and other ideas, a new lunar rover A.L.I.C.E. is designed in the present study. 

IV. Methodology 

        In this section, the process through which A.L.I.C.E. is conceptualized and designed are discussed. The 

criteria, constraints, and goals are explained thoroughly and broken down into different parts. 

A. Requirements 

A.L.I.C.E is designed to satisfy the following system-level requirements. 
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1. The A.L.I.C.E shall measure lunar and surrounding temperature  

2. The A.L.I.C.E shall measure the radiation levels 

3. The A.L.I.C.E shall determine soil composition 

4. The A.L.I.C.E shall measure moisture content of lunar soil 

5. The A.L.I.C.E shall collect samples of the lunar surface 

7. The A.L.I.C.E shall navigate through rough terrain, specifically the lunar surface 

 8. The A.L.I.C.E shall physically observe its surroundings 

10. The A.L.I.C.E shall not exceed 3m x 3m x 3m 

12. The A.L.I.C.E shall have a clearance of 10cm-20cm 

13. The A.L.I.C.E shall carry and transport various samples 

16. The A.L.I.C.E shall not exceed a dry mass of 800kg 

 17. The A.L.I.C.E shall travel in the range of 20-40 km  

18. The A.L.I.C.E shall maintain stability while navigating rough terrain 

19. The A.L.I.C.E shall not exceed a top speed of 0.2mph 

20. The A.L.I.C.E shall survive through the lunar temperature swings of -130C to 120C 

B. Mission Profile 

The Mission Profile of A.L.I.C.E. consists of phases which it could potentially perform in, including its duration 

and location. A map is present to assist with visualizing the rover’s path. 

 

Fig. 1 A.L.I.C.E Mission Profile 

 

C. Weight Calculations 

To minimize power consumption and maximize range and endurance of A.L.I.C.E., the total mass of the rover is 

a crucial design consideration. Mass calculations include estimating fractional masses of its components, instrumental 

payload, and sample payload. The mass breakdown is given in Table 1.  

 

Table 2: Mass Breakdown 

 
Part of Rover Total Mass (kg) 

Empty Weight of Rover: 246.426 

Wheels (6): 99.147 

Rocker-Bogie Suspension System: 18.358 

Platform: 91.089 
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Empty Mass of Robotic Arm: 20.158 

Total Mass of Robotic Arm: 22.614 

Empty Mass of Pole: 17.674 

Total Mass of Pole: 21.107 

Payload: 135.022 

Total Mass of Rover: 381.448 

 

D. COTS Components 

 The instruments used for the optimization of the purpose and mission of A.L.I.C.E. are listed in Table 2 below. 

Each instrument is carefully selected to ensure requirements and efficiency criteria are met. 

 Several options are considered for each component, while also factoring in advantages and disadvantages, mass, 

and efficiency. To find these options, past missions on both the Moon and Mars are examined in depth, and what 

seemed the most optimal in terms of past performance and relevance to A.L.I.C.E. are considered. 

 For cameras, different types are considered to ensure the safety of the rover, including for hazard avoidance, 

navigation, descent, and panoramic views. The capacities for each resolution at specific distances for the descent 

camera are specifically considered. The cameras on this list are all used in the Mars Exploration Rover mission, as 

well as others. Isometric view of the parameterized Computer Aided Design (CAD) models of the Microscopic Imager 

(MI), panoramic camera, navigation camera, descent camera, and hazard avoidance camera are shown in Figure 2 and 

Figure 3. 

 

 
(a) (b) 

 

Fig. 2 (a) Isometric View of Microscopic Imager (MI) (left), (b) Isometric View of Panoramic Camera (right) 

 

 
(a)                                                              (b)                                                        (c) 

 

Fig. 3 (a) Isometric View Navigation Camera (top left), (b) Isometric View of Descent Camera (top right), (c) 

Isometric View of Hazard Avoidance Camera (bottom) 

 

 Two types of temperature sensors are used: one for environmental detection, and one to monitor the temperature 

of the rover’s hardware. In choosing temperature sensors, the range of functionality is examined. The higher the 

environmental sensibility of the camera, the more valuable it is to use on the rover. The CAD model of the 

Environmental Monitoring System (REMS) is shown in Figure 4. 
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Fig. 4 Isometric View of Rover Environmental Monitoring System (REMS) 

 

The radiation detectors are selected based on its the capability to measure the surface radiation levels as well as 

its range in bands. There are only a few available options to pick from. A CAD model of the selected Radiation 

Assessment Detector (RAD) is shown in Figure 5. 

 

 
Fig. 5 Isometric View of Radiation Assessment Detector (RAD) 

 

The evaluation of soil sensors is based upon the ability to detect elemental chemistry, properties of the soil, as 

well as sample collection of the surface. In this scenario, different sensors are used. CAD models of the Alpha 

Particle X-Ray Spectrometer (APXS), Mossbauer Spectrometer (MS), and the Rock Abrasion Tool are shown in 

Figure 6. 

 

 
 

(a)                               (b)                                                            (c) 

 

Fig. 6 (a) Isometric View of Alpha Particle X-Ray Spectrometer (APXS) (top left), (b) Isometric View of 

Mossbauer Spectrometer (MS) (top right), (c) Isometric View of Rock Abrasion Tool (bottom) 

 

The moisture sensor should be able to detect water on a surface, both directly and indirectly. Options that meet 

this criteria and could work on extraterrestrial surfaces are scarce. The efficiency of the method was taken into large 

consideration for this instrument. CAD models were created using Onshape ® and SolidWorks ® as part of this 

study. 
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Fig 7 Isometric View of Neutron Spectrometer System (NSS) 

 

Batteries, being extremely crucial to the rover’s survivability, are assessed in even more depth. Efficiency, mass, 

and power production within a Watt-hour are registered to make sure the rover could function properly. 

Solar Panels are evaluated based on their efficiency, and the one with the highest efficiency is prioritized. Along 

with high efficiency, it has to be made to withstand extraterrestrial environments. 

 

Table 2 COTS components and descriptions 

 

Number Type Name Description 

1* Camera 

(Hazard Avoidance 

Camera) 

Hazcam - used during the MER mission: 

  - used Schott OG590, KG5, and ND1.1 filters to create red band-pass filter centered at ~650 nm 

  - Optics are f-theta fish-eye lenses with a 124° x 124° horizontal, vertical & 180° FOV 

- operating temperature range: -55C to 40C 

2* Camera 

(Navigation Camera) 

Navcam - used during the MER mission: 

  - used Schott OG590, KG5, and ND1.3 filters to create red band-pass filter centered at ~650 nm 

  - CCDs have full well capacities of 17000 electrons 

  - Optically identical to descent camera  

  - Depth of field ranges from 0.5 m to infinity (best focus at 1m) 

- operating temperature range: -55C to 40C 

3* Camera 

(Panoramic Camera) 

Pancam - used during the MER mission: 

  - CCDs have full well capacities of 17000 electrons 

  - 370° of motion in pan direction & 194° in tilt direction 

- operating temperature range: -55C to 40C 

4** Camera 

(Soil, Rock, & Surface 

analyzer) 

Microscopi

c Imager 

(MI) 

- Close up, high resolution images of soil, rocks, and other features of surface 

- during the MER mission: 

  - CCDs have full well capacities of 17000 electrons 

  - 0.42 mrad/pixel angular resolution 

  - 0.03 mm/pixel spatial resolution at best focus distance of 69 mm 

- operating temperature range: -55C to 40C 

5* Camera 

(Images while 

landing) 

Descent 

Camera 

- Acquire images of surface in specific altitudes 

- during the MER mission: 

  - CCDs have full well capacities of 17000 electrons 

  - f/12 optical system w/ 45° x 45° FOV, 60.7° diagonal FOV, angular resolution of  0.82 mrad/pixel at 

center 

  - Broadband filter with the center at ~750 nm & full width at half maximum (FWHM) of ~200 nm 

- operating temperature range: -55C to 40C 

6* Temperature Sensor 

(Environmental Temp) 

Rover 

Environme

ntal 

Monitoring 

System 

(REMS) 

- Measure ground temp, humidity, air temp, & wind 

- used in the Curiosity rover 

- Survive 1005 cycles from -130C to 15C and -105C and 40C 

7 Temperature Sensor 

(Hardware Temp) 

Resistance 

Temperatur

e Detectors 

- Measures temperature of electronics in rover 

- used in the Curiosity rover 
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(RTD) 

PT1000 

8* Radiation Detector 

  

Radiation 

Assessment 

Detector 

(RAD) 

- Continuously measure spectrum of high-energy radiation at the surface 

- used in the Curiosity rover 

  - part of REMS 

- Range (6 bands) 

  - Total Dose: 

    - 210-360 nm 

    - max measurable irradiance: 44.7 W/m^2 

  - UVC: 

    - 215-277 nm 

    - max measurable irradiance: 1.57 W/m^2 

  - UVB: 

    - 270-320 nm 

    - max measurable irradiance: 6.4 W/m^2 

  - UVA: 

    - 315-370 nm 

    - max measurable irradiance: 25 W/m^2 

  - UVD: 

    - 230-298 nm 

    - max measurable irradiance: 5 W/m^2 

  - UVE: 

    - 311-343 nm 

    - max measurable irradiance: 7.65 W/m^2 

- Survive 1005 cycles from -130C to 15C and -105C and 40C 

9* Soil Sensor 

(Elemental Chemistry) 

Alpha 

Particle X-

Ray 

Spectromet

er (APXS) 

- Determine elemental chemistry of rocks & soils  

- Examine products of water-induced erosion, sedimentation, solution, and evaporation   

- Reveal chemistry of primary crustal rocks 

- operating temperature range: -55C to 40C 

10** Soil Sensor 

(Penetrator) 

Rock 

Abrasion 

Tool (RAT) 

- Penetrate through weathered outer regions of rocks exposing fresh rocks 

- Exposed area large enough to admit APXS and Mossbauer sensors 

- Slow so that no measurable modification of rock chem or mineralogy by frictional heating is anticipated  

- Grinding materials selected so that there is no detectable contamination of rock surfaces 

- Remove cylindrical area of 4.5 cm in diameter and >0.5 cm deep from rock outer surface 

- used in the MER rovers 

- operating temperature range: -55C to 40C 

11* Soil Sensor 

(Valence state, 

molecular structure, & 

properties of rocks) 

Mössbauer 

Spectromet

er 

- Reveal valence state, molecular structure, & magnetic properties of iron-bearing minerals & rocks  

- Determine oxidation state 

- Identify iron oxides and magnetic phase in soil, Fe-bearing minerals in rocks, search for Fe-sulfates, 

nitrates and carbonates 

- used in the MER rovers 

- operating temperature range: -55C to 40C 

12* Moisture Sensor 

(water content of 

shallow surface) 

Neutron 

Spectromet

er System 

(NSS) 

- Identify locations of enhanced hydrogen content as low as 0.5% equivalent hydrogen 

- operating temperature range: -40C to 60C 

13 Batteries COTS 

18560 Li-

ion cells 

- Rechargeable 

- Positive thermal coefficient (PTC) limits the current 

- Current-interrupt device (CID) safeguards against overcharge 

- Shut-down separators eliminate ion transport channels at higher temperatures 

- typical batteries operate at -20C to 60C 

14 Solar Panels InGaP/GaA

s/Ge Solar 

Cell 

- 32.3% efficiency  

- Spectrolab Space Voltaics: designed to withstand extreme temperature conditions encountered in space 

environments 

*made up of COTS components 

**custom-made for mission 

E. CAD Models 

 Detailed CAD models of the fully assembled A.L.I.C.E including the isometric and orthographic views are shown 

in Figure 8. 
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(a)                                    (b)                                                                 (c)                        (d) 

 
(e) 

 

Fig. 8 (a) Isometric View of A.L.I.C.E.: Retracted, (b) Isometric View of A.L.I.C.E.: Extended, (c) Front View 

of A.L.I.C.E. (middle left), (d) Top View of A.L.I.C.E. (middle right), (e) Right-Side View of A.L.I.C.E. 

(bottom) 

 

The pole and the robotic arm are shown in Figure 8. The placement of the Pancams, REMS, and the Radiation 

Assessment Detector are all on the pole, while the Mossbauer Spectrometer, APXS, Rock Abrasion Tool, and 

Microscopic Imager are on the robotic arm, along with a pick and shovel for sample collection. 

From the top view shown in Figure 8d, the solar panels consisting of Spectrolab solar voltaic cells and an 

overhead picture of the Radiation Assessment Detector can be seen. The rotation capability of the four instruments 

on the robotic arm can be inferred from its position. 

The rocker-bogie suspension system is revealed when looking at the rover from a side view. The rocker-bogie 

system has two parts (rocker and bogie) which allows the wheels to climb over larger objects without compromising 

stability.  

 
(c) 

 

Fig. 9 Isometric View of Robotic Arm 
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The Robotic Arm as shown in Figures 9 and 10 includes two joints from a mount that attaches to the front face of 

the rover. The end of the arm holds four different instruments, along with a pick and shovel for sample collection. 

 
(a)                                                 (b)                                                        (c) 

 

Fig. 10 (a) Front View of Robotic Arm (top left), (b) Top View of Robotic Arm (top right), (c) Side View of 

Robotic Arm - Full Extension (bottom) 

 

The four instruments seen on the robotic arm are the Alpha Particle X-Ray Spectrometer (APXS), Mossbauer 

Spectrometer (MS), Microscopic Imager (MI), and the Rock Abrasion Tool (RAT). 

The pick and shovel allow for sample collection and storage. Storage drawers are shown in Figure 12 both in 

open and closed positions. When other instruments are in use, both can bend upwards to get out of the way. 

The robotic arm is mounted to the front of the rover to allow for unrestricted movement in its surroundings. 

 

 
(a) (b) 

 

Fig. 11 (a) Front View of Pole (left), (b) Side View of Pole (right) 

 

The pole includes two Panoramic Cameras and the Navigation Camera at the head as well as the Radiation 

Assessment Detector (RAD) as shown in Figure 11. The head is able to move 360 degrees in yaw, and 180 degrees 

in pitch. 

The pole also acts as an attachment for the Rover Environmental Monitoring Station (REMS). It has sensors for 

wind, temperature, and humidity on the lunar surface. 
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(a) (b) 

 

Fig. 12 (a) Isometric View of Sample Storage Drawer (left), (b) Isometric View of Extended Sample Storage 

Drawer (right) 

F. Analysis 

In this section, the Finite Element Analysis (FEA) and results are discussed. This includes the analysis performed 

shovel and robotic arm, which is vital to understand if the system is properly supported. 

 

i. Robotic Arm 

The density of the soil on the lunar surface is about 1.5 g/cm3, or 1500 kg/m3. The largest side of the interior 

of the shovel has a length of 96mm and corresponds to a radius of 0.048m. With this information, the mass of a 

theoretical cone-shaped sample was calculated: 

𝑚 =  𝐷𝑉 

𝑚 =  1500 ∗ (
1

3
𝜋𝑟2ℎ) 

𝑚 =  1500 ∗ (
1

3
𝜋(0.048)2(0.048 tan(80°))) 

𝑚 =  1500 ∗ (
1

3
𝜋(0.048)2(0.272)) 

𝑚 =  1500 ∗ (6.56 ∗ 10−4) 
𝑚 =  0.99 𝑘𝑔 

 

The gravitational field strength on the Moon is 1.625 m/s2. Using Newton’s Second Law, the amount of force 

the sample exerts on the shovel can be found: 

𝐹 =  𝑚𝑎 
𝐹 =  (0.99)(1.625) 

𝐹 =  1.61𝑁 

 

For the purpose of the analysis, this value was rounded up to 2N. With an additional safety factor of 2, the 

robotic arm was tested with a force value of 4N. The distributed force applied on the shovel when the arm is 

fully extended is shown in Figure 13a. The Von Mises stress obtained in the arm as a result of this force is shown 

in Figure 13b and the displacement is shown in Figure 13c. 

 

 
(a)                                          (b)                                                    (c) 

 

Fig. 13 (a) Applied Forces, (b) Von Mises Stress, (c) Displacement 
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 The maximum value for the Von Mises Stress is 4.645 ✕ 106 N/m2, located at the shovel handle. This is less than 

the yield strength of the material used (Aluminum 6065). This analysis verifies that under the maximum load 

condition, the as designed arm will be able to withhold this load without failure. The maximum value for the 

Displacement is 3.748 ✕ 10-1mm, located at the tip of the shovel where the sample is held. 
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