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STUDENT BENFITS

ÅWhy you should want to compete in this competition.

ÅHow this competition can benefit you as a busy student.

ÅWhat skills can you gain from being in a club



Å Manufacturing
Å Computer aided 

design
Å Coding
Å C++

Student Benefits ʨ Iowa State University
Technical 

Skills
Career

Building
Industry
Training

Å Interdisciplinary 
collaboration

Å Critical thinking
Å Adaptability
Å Punctuality

Å Industry 
connections

Å Resume content
Å Space 

community



Student Testimonial ʨ Jacob Mosier

Freshman Sophomore Junior Senior



Student Testimonial ʨ Sam Richter
2023

2024

2025

Summer 2025



Student Benefits т Purdue University
Å Technical skills

o Failure analysis, mechanical design, manufacturing, part sourcing
o PCB design, electrical box layout, power sizing
o Coding, computer vision, autonomy

Å Professional skills
o Presentations, design reviews
o Leadership,project management
o Networking
Á Internships
Á Research
Á Full Time Jobs

Å Community



LUNA TESTIMONIALS ҭ Sofia Velarde

Encuu"ұ48
Mechanical 
Engineering

Freshman Year 
Ex-Dep Member + VIP 

Class

Sophomore Year 
Treasurer

Junior Year 
President



LUNA TESTIMONIALS ҭ Sofia Velarde

Lunar Tire R&D Intern for Goodyear Undergrad Research - NASA RETHi Institute Intern for Solar Turbines
Test Engineering Ÿ Full Time Test 

Engineer

2026 Purdue Engineering Fellow
Top 0.05% of the School of Engineering 

Receives $25,000 after graduation 



TEAM STRUCTURES

ÅHow do you organize a community of different sizes.

ÅWhat structure do other teams use.

ÅWhat roles are required in a team.



Team Structures т Purdue University
Growing your team
ÅFounded in 2012 over 13 years of continuous development
ÅGrown from a small 10-member team to thriving organization of 120+ student
ÅRecruitment Strategies:

o Club Callouts + Campus Fairs
o Engaging with certain majors
o Personal Connections + Peer Recommendations

ÅRetention
o Retaining Members can be challenging т structure is key
o Establish clear onboarding projects to build basic skill

ÁStrong subteam leadership



Team Structures т Purdue University



Team Structures т Purdue University
Executive TeamPresident  [Highly Recommended]

- Primary Contact for Team
- Oversee Recruitment
- Team Logistics,Schedule, Planning
- Responsible for submitting and meeting 

competition deliverables/requirements

Vice President   [Optional]
- Assist the President in general duties
- Plan outreach and social events
- Assist in coordinating team deliverables and trips

Treasurer  [Optional]
- Work with President to acquire and manage funds

Operations  [Optional]
- Business operations (merchandise, social media, corporate relations)
- Ensure systems engineering standards and competition deliverables
- Manage assembly space, training, and equipment



Team Structures т Purdue University
Robot Design Team

ÅChief Engineer т overall technical lead and 
manages all the technical subteam leads

ÅExcavation Lead т in charge of 
robot's mining system

ÅDeposition Lead т in charge of 
depositing/dumping regolith from excavation

Previously 
Ex-Dep

ÅDrivetrain Lead т in charge of frame and wheels, incorporating every system on one base

ÅP&H Lead т in charge of the P&H box that distributes + supply power to systems

ÅSoftware Lead т in charge of Autonomy + programming of robot



Team Structures ʨ Iowa State University

CSM

President

Systems Lead Safety OfficerVice- President

Mechanical Lead Controls Lead

Mobility Collection Hopper Electrical Software

Treasurer



LEVERAGING SYSTEM ENGINEERING

ÅWhat tools are used to build a system out.

ÅHow is systems leveraged to improve the robot.

 ŸƣĲаШÑőĲƖĲШƽŔũũШĤĲШũŔŰťƚШƣŸШƚƨƓƓŸƖƣŔŰŊШƣƨƣŸƖŔċũƚШŸŰШ  É ќƚШ
System Engineering process in the UK Lunabotics  Guidebook.  



Leveraging System Engineering ʨ Iowa State University 
NASA Systems Engineering 

Handbook

Systems Hierarchy

Systems Definitions



Preliminary Design Review ʨ Iowa State University 
CAD Concepts

Trade Study



Leveraging System Engineering т Purdue University
SYSTEMS ENGINEERING...
Å Provides structured accountability
Å Simplifies communication between subteams
Å Creates framework for successful integration

This is very important with 120+ members!

METHODOLOGY EVOLUTION
Å2022: Created Systems subteam(tasks previously fell to 

executive leadership)

Å2023: Started standardizing Systems processes, 
introduced Integration Plan and Risk Assessment 

Å2024: Streamlined Stakeholder Requirements into RSRs

Å2025: Added two review gates, introduced umbrella 
subteam of Operations (Fabrication + Business + Systems)

The Systems Engineering V diagram 
(above) depicts our overall process



Leveraging System Engineering т Purdue University

Å Year-In-Review  [Optional]
Å Useful for refreshing on prior discoveries

Å System Requirement Review (SRR)  [Optional]
Å Assigning deadlines and broad yearly goals

Å System Design Review (SDR) [Highly Recommended]
Å Initial system insights and overall robot theories

Å Preliminary Design Review (PDR)  [Highly Recommended]
Å Major design decisions finalized, general CAD completed

Å Critical Design Review (CDR)  [Highly Recommended]
Å All robot designs finalized. Ready to begin manufacturing

Å Test Readiness Review (TRR) [Optional]
Å End of manufacturing

Å Decommissioning Review [Optional]
Å Enable us tobetter prepare for and track each step of engineering 

design cycle

MAINTAINING ACCOUNTABILITY: REVIEW GATES
The Engineering Lifecycle Diagramshows 

a timeline of our process



Leveraging System Engineering т Purdue University

ÅDo research on existing approaches (NASA and otherwise)
o In 2023, we complied documentation from various engineering companies to create an Integration Plan and Risk 

Assessment (still currently in use)

ÅIt's really easy to overcomplicateуbut also to oversimplify
o Systems Engineering should be flexible and ready to adapt based on situation
o If something isn't working,ǃŸƨШƓƖŸĤċĤũǃШĬŸŰѣƣШŰĲĲĬШƣŸШƓƨƚőШŔƣШӛШĲŔƣőĲƖШŔŰƻĲƚƣŔŊċƣĲШőŸƽШƣŸШċĬċƓƣШŔƣШŸƖШŊĲƣШƖŔĬШŸŉШŔƣШ
o We added a lot more opportunities for holistic review this year by adding Year-In-Review,Decommissioning Review, 

and weekly smaller-scale Technical Interchange Reviews to fill our team's need for better/smoother integrations

Å 'Documentation!!!!
o 99% of Systems Engineering is just communicationӛШƣċťĲШĦŸůƓƖĲőĲŰƚŔƻĲШŰŸƣĲƚШċƣШĬĲƚŔŊŰШƖĲƻŔĲƽƚЯШťĲĲƓШċŰШ

updated calendar, check in weekly about updates and decisions, etc.
o Much easier if you have solid system documentation

Å

CREATING SYSTEMS ENGINEERING METHODOLOGY: GENERAL ADVICE



ROBOT DESIGN

ÅWhat components make up a robot.

ÅBest practices to develop a component.



Robot Design Overview ð Purdue University

Å Bucket ladder for excavation
o Easy for automation, reliable

Å Conveyor belt deposition bin
o Low power, extremely reliable

Å 200W brushless stepper motors
Å 3D printed covers to protect from 

dust
Å Primary materials: aluminum,PLA
Å 55 kg (80 kg max)

18mins



Design Considerations ð Purdue University 18mins

Å Reliability is key!
o Doesn't jam with small rocks
o Repeatable motions

Å Mitigate dust
o Protect key components/systems (belts, 

chains, electronics, etc)
o Use shrouds to generate less dust

ÅSimple is better than complex
ÅAlways be thinking about cost, 

manufacturing, assembly



Robot History ð Purdue University 18mins

2024-2025 2024-2023

2023-2022 2022-2021

Design Evolution:
Å Improving Bucket Elevator
Å Deposition 

Experimentation



Drivetrain ð Purdue University

Å Four-wheel skid steering
o Two motors, chain drives

Å Box tubes bolted together
o Strong, easy routing,

Å Grousers for increased traction
o Flaps on the outer diameter

Å Turning is the big challenge
Å Other options:

o Belt vs chain & sprocket vs 4 motors
o Steering system, suspension (rocker bogey)
o Tank treads

18mins



Excavation System ð Purdue University

ÅBucket ladder system
ÅLinear actuators to raise/lower
ÅTarp cover to mitigate dust
ÅBolt-driven tensioner
ÅPrimarily flat plate + L channels
ÅFixed mining angle
ÅOther options:

o Four-bar actuation
o Front loader/backhoe
o Rotating bucket drums



Deposition System ð Purdue University

Deposition
ÅNylon conveyor belt
ÅSlopes to keep regolith on belt
ÅPulleys made from pipe + inserts
ÅLow-torque, low-power system
ÅCrowned pulleys to center belt
ÅOther options:

o Dump truck
o Integrated excavation/deposition



Electrical System ð Purdue University

Electrical Box Design
Å Fully removable box
Å Custom Designed
Battery
Å 24V LiPo 350Wh

o High Energy Density

Å Battery Protection Circuit



Controls ð Purdue University

Compute

We Use:

Å Jetson Orin Nano

Å Teensy 4.1

Others Also Use:

Å Laptop Computer

Å Raspberry Pi

Å Mini PC

Sensors

We Use:

Å Current Sense

Å Encoders

Å Load Cells

Others Also Use:

Å Distance Sensors

Å Beam Break

Å Limit Switch



Robot Design ʨ Iowa State University
Design Philosophy
Å Start with System Engineering!

o Mathematical Analysis
o Identify gaps in knowledge
o Test your hypothesis
o Assign Requirements

Å Maximize Second Moment of Area
Å Account for regolith infiltration
Å Usewhat you are used to and build off knowledge
Å Identify correct motor and gearboxrequirements



Robot Design ʨ Iowa State University



Robot Design ʨ Iowa State University

CSM

Mobility System
ÅMotor mount position
ÅContact surface area
ÅGround pressure
ÅWrap angle
ÅTraversal friction
ÅSprocket connection



Robot Design ʨ Iowa State University
Excavation
ÅStaggered buckets

ÅBelt driven

ÅSpring suspension

ÅThrow angle



Robot Design ʨ Iowa State University
Deposition
ÅHigh angle of repose needed
ÅShorten actuators 
ÅDouble usage of axles
ÅOffload skirt to reduce spread
ÅUnderstand system at different fill and 

tilt states



Controls Breakdown ʨ Iowa State University



Robot Power ʨ Iowa State University
Constraints:
Å Mass
Å High Transient Current Draw
Å Power Distribution
Å Mechanical interface constraints
Å Controls interface constraints

Results:
Å Higher Voltage is better
Å Li-Pos are great! 
ÅWatch your VDI (~5% dropmax)
Å Coordinate on motor choices
ÅWatch the differences between BLDC and BDC motors


