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Jacob Hackett

Project Scope:

Project Description:

NASA wants the ability to relocate their lunar bases 

to different areas on the surface of the Moon.

NASA's proposed solution is an assembly tool that 

can relocate their life support system (LSS) to nearby 

locations on the lunar surface.
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Project Scope:

Objective: Move the LSS payload around the lunar surface

Develop a full-scale 

simulation and scaled 

prototype of the assembly 

tool to transport modules 

of the life support system 

on the surface of the 

Moon.

Identify methodology for 

scalability of the LSS 

Assembly Tool.

Jacob Hackett

6



MECHANICAL ENGINEERING7

Jacob Hackett
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Project Scope:

Key Goals:

01

02

03

04

05

Create a full-scale simulation

Traverse obstacles present on 

the lunar surface

Create scaled prototype to 

move scaled payloads of 

NASA's equipment

Controlled via remote control 

SAE level 1 autonomy
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Project Scope:

Assumptions:

Responsible only for the design 

and production of the scaled 

mechanism prototype to move 

the LSS or other payloads.

Not responsible for the 

transportation of the LSS 

assembly tool to the lunar 

surface.

All testing and verification will 

be conducted under Earth's 

atmosphere and on terrain 

analogous to lunar conditions.

Existing software and hardware 

components will be utilized as 

needed.
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Project Background:
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Project Background

Design Requirements 
• Comparable to current infrastructure 

machine

• Payload Equipment for a unique 

environment

Lunar Rover Design
• Comparable to current rover technology 

• Focus on ability to move payload

• Combustion power not viable 

• Current Technology-
• Mars Exploration Rovers Spirit and 

Opportunity

• ATHLETE Rover   

Caleb Jansen
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Project Background

Preparation for Unique Obstacles
• Lunar Environment Studies

• “Zap Pits” – Micro-meteor impact sites

• Regolith

• Atmospheric Conditions / Dangers

• Lunar Architecture/NASA Goals
• Plans for long term base on lunar surface

• Full-Scale Simulations
• Need application to simulate full force simulations

• Simscape with additional toolboxes
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Synthesis of customer responses into needs

Customer Needs:

Caleb Jansen
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Interpreted ResponsesQuestions

How big is the payload we will be 
lifting?

Need to lift a 300kg load

Caleb Jansen
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Interpreted ResponsesQuestions

How big is the payload we will be 
lifting?

Need to lift a 300kg load

What scale of a model do you 
expect?

Various scaled models

How detailed of a simulation would you 
like?

A full scaled model for simulation
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Customer Needs

16

Interpreted ResponsesQuestions

How big is the payload we will be 
lifting?

Need to lift a 300kg load

What scale of a model do you 
expect?

Various scaled models

How detailed of a simulation would you 
like?

A full scaled model for simulation

Does the assembly tool need to be fully 
assembled when it arrives on the 
moon?

The assembly tool will be fully 
assembly, excluding possible hand tool 
assembly

Caleb Jansen
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Functional Decomposition:

Power Communications Motion Payload

Caleb Jansen



MECHANICAL ENGINEERING

Caleb Jansen

Power

Transmit Store Receive

Recharge/

Generate

18

Power

Functional Decomposition
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Functional Decomposition
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Communications

Transmit

Signal

Process 

Signal

Receive

Signal

Broadcast

Signal

Detect 

Signal

Identify

Signal
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Functional Decomposition
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Motion

Translate Rotate

Covert 

Electricity into 

Kinetics

Covert 

Electricity into 

Rotation

Traverse 

Terrain
Change 

Heading
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Functional Decomposition

Jacob Hackett

Payload

Payload

Translate Rotate

Covert 

Electricity into 

Kinetics

Covert 

Electricity into 

Rotation

Secure 

Payload

Lift

Payload
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SAE Level 1 Autonomy Graphic
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Existing Technology 

ATHELE Rover from JPL Lunar Rover Vehicle from Apollo Missions



MECHANICAL ENGINEERING2626

Regolith

Properties
Thickness of about 5 m to 10 m depending 

on location 

Fine gray soil, with rock fragments 

throughout

Constantly bombarded by micrometeorites 

and solar wind irradiation 

Glass can be found at the bottom of 

craters
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Customer Need Table 
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Functional Decomposition



MECHANICAL ENGINEERING2929

Functional Decomposition

Flow Chart of Motion
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Functional Decomposition

Flow Chart of Energy
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Functional Decomposition

Flow Chart of Payload
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Functional Decomposition

Flow Chart of Communication
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Current Progress


