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STUDENT BENFITS

AWhy you should want to compete in this competition.
AHow this competition can benefit you as a busy student.

AWhat skills can you gain from being in a club

LUNABOTICS




Student Benefitdowa State University

Technical
Skills

A Manufacturing
A Computer aided

design m
A Coding

A C++ & HROS

Industry
Training
A Interdisciplinary
collaboration
A Critical thinking

A Adaptability
A Punctuality

Career
Building
A Industry
connections
A Resume content

A Space
community
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Student Testimonms&am Richter
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A Technical skills \ el
o Failure analysis, mechanical de5|gn manufactunng part sourcmg
o0 PCB design, eIectncaI box layout, power S|2|ng
0 Codlng computer vision, autonomy

A Professional skills
0 Presentations, deS|gn revnews
o] Leadershtp prOJect management

o Networklng
A Internshlps
A Research :
A Full Time Jobs :

A Communlty




Junior Year
President

G

Sophomore Year
Treasurer

Freshman Year
Ex-Dep Member + VIP °

Encuu

Mechanical
Engineering




Intern for Solar Turbines -
Test EngineeringY Full Time Test

nollkook
TTYIrTC Tl

Latest cohort of seven seniors selected as Purdue
Engineering Fellows

Lunar Tire R&D-Intern for Goodyear

2026 Purdue Engineering Fellow
Top 0.05% of the School of Engineering
Receives $25,000 after. graduation

Tanmaee Ledalla and Sofia Velarde

named Purdue Engineering Fellows




TEAM STRUCTURES

AHow do you organize a community of different sizes.
AWhat structure do other teams use.

AWhat roles are required in a team.

LUNABOTICS




Growrnu your team

| AFounded in 20120ver 13 years of contrnuous development
- AGrown from a small 1Gmember team to thnvrng organtzatlon of 120+ student

~ ARecruitment Strategies:

o Club Callouts + Campus Farrs

0 Engagrng with certain majors . |
o Personal Connectrons ¥ Peer Recommendatlons st

_ b 4]

ARetention . = é’ BEY gt e X
-0 Retarnrng Members can be chaIIengrng structure IS key g, . U N 2 3.3 : 'Z

- 0 Establish clear onboardmg prOJects to burld basrc skrII % | :

A Strong subteam Ieadershrp
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Lunar Construchon Rover(s)
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Treasurers

Excavation

Deposition

Drivetrain

Power &
Hardware

v

Business

v

Fabrication

AffiganDUh',
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President [Highly Recommended] . S LR " Executive Team

- Primary Contact-for Team i R ' '

- - Oversee Recruitment : = b

- Team Logistics,Schedule, Planning .~ o e President

- Responsible for submitting and meeting - | !
competition deliverables/requirements

Vice
President

Vice President [Optional] | &

- Assist the President in general duties -

-- Plan outreach and social events |

- Assistin c()ordinat_ing team deliverables and trips

Treasurers Operations

=
—
o

Treasurer [Optional] _

| g o P Systems Fabrication
- Work with President to acquire.and manage funds

Operations A’[Optiona.l]' : e i ' RS |
- Business operations (merchandise, social media, corporate relations) . _ ~ PURDUE" .
- Ensure systems engineering standards and competition deliverables . - - e LUNABOTICS

- Manage assembly space, training, and equipment \__,

P
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Robot Design Team

A" Chief Engineer T overall technical lead and

sogadpeny ol g At .~manages all the technical subteam leads
Chief ' '

Engineer A Excavatron Lead Tin charge of -
Previously -

robot's mrnrng system " ExDep

Power & e g, _ : |
A Deoosrtron Lead Tin charge of -
o deposrtmg/dumpmg regolrth from excavation

A Drrvetram Lead Tin charge of frame and Wheels lncorporatrng every system on one base

A P&H Lead Tin charge of the P&H box that dlstrlbutes + supply power to systems )

‘rmoh .

& LLUNABOTICS

A Software Lead Tin charge of Autonomy + programming of robot



Team Structures — lowa State University

[ President ]

—

[ Treasurer ] [Vice— President] [ Systems Lead ] [ Safety Officer ]

[ Mechanical Lead ] [ Controls Lead ]

—

[ Mobility] [Collection] [ Hopper ] [Electrical] [Software]

e

CSivi



LEVERAGING SYSTEM ENGINEERING

AWhat tools are used to build a system out.
AHow is systems leveraged to improve the robot.

YaqlaWNG Il WWs RGGWHWWE RUL t WaVY LW 2 G
System Engineering process in the UK Lunabotics Guidebook.

LUNABOTICS




Leveraging System Enginedawg State University

[ Systems Definitions ]

NASA Systems Engineering

Handbook

EE EE K.

NASA Life-Cycle Approval for Approval for

[ Arena Environment Berm ] Phases Formulation FORMULATION Implementation IMPLEMENTATION
. Project Life-Cycle Pre-Phase A: Phase A: Phase B: Phase C: Phase D: Phase E: Phase F:
NF;S X} o Phases Concept Studies Concept and Preliminary Design Final Design and System Assembly, Operations and Closeout

[ Operators Comme Telemetry/Health Data ] Technology and Technology Fabrication Integration & Test, Sustainment

Laptop Client Development Completion Launch & Checkout
Ground Support Energy Consumption Project Life- KDP A KDP B KDP C KDP D KDP E ; KDP F
Equipment to handlers Cycle Gates, FAD / }i \ FA

Documents, and | preliminary Project /|  Preliminary Q Baseline LaunclA End of I'\:1issi0rﬁ3 Final Archival
Major Events Requirements *  Project Plan Project Plan of Data

Agency Reviews A

[ Systems Hierarchy ] sy A ™ A A A AAA A AA

: MCH SRR SDR PDR CDR/ SIH ORR FRR PLAR  CERR* DR DRR
Life-Cycle PRR?
Reviews'? A A A Inspections and | .
LANCE-1 . Re-enters appropriate life-cycle Refurbishment End of Flight
Re-flights phase if modifications are SR A
Robotic Mission needed between flights PFAR
Project Life Cycle A; A ‘ A A ‘ A TAVAANVAN ﬁ; /N
- Reviews'? MCH SRRMDR® PDR CDR/ SIH ORR MRRPLAR CERR* DR DRR
. PRR®
Other Reviews SARs SMSR,LRR (LV), FRR (LV)
Collection [ Storage } [ Wireless -2“““ Mining Supporting 1 . .
- e Reviews A Peer Reviews, Subsystem PDFs, Subsystem CDRs, and System Reviews A
o) L |




Preliminary Design Retgewa State University

[

CAD Concepts

]

[

Trade Study

]

Weighting  Gravity Conveyor
Controlled Controlled

Weight 3 S 1
Offload Speed 6 S S
Volume 9 1 1
Power
Consumption 3 S -1
Offload Control 9 S 1
Total Weighted
Score 33 9 12

CSIVI



Leveraging System Engineemmtyrdue University

SYSTEMS ENGINEERING...

A Provides structured accountablllty ' _.‘ ) - ELIVERABLES WHEN TENS ON LeFTcooT sucosssru.
A Simplifies communication between subteams e o

A Creates framework for successful integration - eeaumeenTs veRFcATon
This isvery important with 120+ members.I 2 svorn sy

ARCHITECTURE
SPECS VERIFICATION

METHODOLOGY EVOLUTION = o
A 2022: Created Systems subtean‘(tasks previously fell to

COMPONENT COMPONENT

executive leadership) . | Specs VERIFIGATION

A 2023: Started standardlzmg Systems processes, . commonenr
introduced Integration Plan and Risk Assessment A e B

A 2024: Streamllned Stakeholder Requwements into RSRs |
A 2025: Added two review gates, introduced umbrella | The Systems Engineering V diagrarln

subteam o_f Operations (Fabrication + Business + Systems) (above) depicts our overall process




I\/IAINTAINING ACCOUNTABILITY REVIEW GATES
A YearIn-Review [Optional]
.A Useful for refreshing on prior discoyeries
A System Requirement Review (SRR)[Optional]

A Assigning deadlines and broad yearly goaIs

The Engineering Lifecycle Diagralshows
a timeline of our process ‘

_ i SRR SDR
A System Design Review (SDRHighly Recommended] v ' pt ‘®
A Initial system msrghts and overall robot theorres ' Rulebook Released

‘A Preliminary DeS|gn ReV|eW (PDR)Highly Recommended]

A Major design deC|S|ons finalized, generaI CAD completed

A Critical Design Review (CDR)[ngth Recommended]

A All robot deS|gns flnalrzed Ready to begin manufacturlng

A Test Readiness Review (TRF{Dptronal]

A End of manufacturlng

A Decommlssmnlng ReV|ew [Optlonal]

A Enable us tobetter prepare for andtrack each step of engrneerlng
design cycIe : . .

| Competition |

/’P/URDUEQ
d LUNABOTICS




CREATING SYSTEI\/IS ENGINEERING I\/IETHODOLOGY GENERAL ADVICE

A Do research on existing approaches (NASA and otherW|se)

0 In 2023, we complied documentation from varlous englneenng companles to create an Integratlon Plan and Rlsk
Assessment (still currently in use) .

Aldts reaIIy easy to overcompllcate/ but also to overS|mpI|fy )
0 Systems Englneenng should be flexible.and ready to adapt based on situation .
o If something isn't working,! - Ye WGl YHECHG! W YU qWUIIUIT Wa VY WGe t 6 WRq LIJe L1 R qp ¢

o We added a lot more opportunltles for holistic review this year by addlng Yebr-Review,Decommissioning Review,
and weekly smaIlercaIe Technlcal Interchange Rewews to fill our team S need for better/smoother |ntegrat|ons

A DocumentatlonI||| | -
0. 99% of Systems Englneenng |s1ust Communlcatloa |.|JG] ct 1l LLIFt YaGl 1361 Ut R2 IJ WO Y qldt We q n
updated calendar, check in-weekly-about updates and deC|S|ons etc. |
| & PURDUE" .

A o Much eaS|er if you have solid system documentation
» ' d& LUNABOTICS




ROBOT DESIGN

AWhat components make up a robot.

ABest practices to develop a component.

LUNABOTICS




A Bucket ladder for excavation | 3

o o Easy for automatlon reliable

~ A Conveyor belt deposmon bin
| 0 Low power, extremely rellable

A 200W brushless stepper motor's'

A 3D pnnted covers to protect from |
dust - Fiaeees | |

A Prlmary materlals alumlnum PLA.. ._
A 55 kg (80 kg max) |

mDUE "

QX LUNABOTICS



A Rellablllty is keyI | '

o Doesn't jam with small rocks
o Repeatable motlons G

~ A Mitigate dust -

o Protect key components/systems (belts
‘chains, electronics, etc)

o Use shrouds to generate Iess dust
ASlmpIe is better than complex

AAlways be thinking about cost
manufacturlng assembly |

44 ] -

. .
Weight Efficiency Tractio Mobilit B Terrain Versatility

- General trend of
sacrificing traction for
mobility.

- Compliance increases
efficiency and terrain
versatility at the cost of
weight. .

g

ﬁ[}EDUE i
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Design Evolution:
A Improving Bucket Elevator
A Deposition -

Experlmentatlon

20232022

-2022-2021

20242023

18mins

& PURDUE" .
g. LUNABOTICS

| —



18mins

Four-wheel skid steering

0 Two motors, chain drives =

. Box tubes bolted together

‘0 Strong, easy routing, .
Grousers for increased traction
0 Flaps on the outer diameter - .~
Turning is the big challenge
Other options: -~ . i
o Belt vs chain & sprocket vs 4 motors |
o Steering system, suspension (rocker bogey)
o Tank treads - Jriaion e g

o Do Do Io I

S & LUNABOTICS



ABucket ladder systeni 5
ALinear actuators to raise/lower
- ATarp cover to mitigate dust
- ABolt-driven tensioner
APrimarily flat plate + L channels
AFixed mining angle
AOther options: -
o Four-bar actuation = o e }
o Front loader/backhoe =~ = S
o Rotating bucketdrums - & PURDUE" .
| e . LUNABOTICS



DeposMon~

ANylon conveyor pelt
ASlopes to keep regolith on belt
- APulleys made from prpe + mserts
ALow—torque low- power system |
ACrowned puIIeys to center belt

- ROther options:

o Dump truck
0 Integrated excavatron/dep03|t|on




Electrical System o0 Purdue University

Electrical Box Désign
A Fully removable box
A Custom DeS|gned
Battery

R 24V LiPo 350Wh |
0 ngh Energy DenS|ty o -

A Battery Protection Clrcuit ]

L
o D L e e i e
TP2
CELL 1
P
i3 ogon (8 ||||||||||||

et 3 i Enny |
CELL 5 ) 31000 ."‘S o j Battery Power Meter
CELL & s
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“Compute
-We Use: |
- A Jetson Orin Nano
A Teensy 4.
~ Others Also Use:
A Laptop Computer
A Raspberry Pi 2

i .
A Mini PC
. s - ]
Fatid " pE £ > S lo 8 N 2 2
’ : . ! TR 5
Q

Sensors

"\Ne Use:

A Current Sense |

.»A Encoders -
- A Load CeIIS'
Others Also Use:

A Distance Sensors

A Beam Break
A Limit Switch

& PURDUE" .
& LUNABOTICS




Robot Desitgiowa State Univers

Design Philosophy

A Start with System Engineering!
o Mathematical Analysis
o ldentify gaps in knowledge
o Test your hypothesis

o0 Assign Requirements 2023
A Maximize Second Moment of Area
A Account for regolith infiltration MARS VI

A Usewhat you are used to and build off knowledge
A Identify correct motor and gearboxequirements

[ § 2017

N 2015 i Space

W% % HERMES | Ketchup
% 125 = & Space

Mustard




Robot Desiggiowa State University

® STUDENTCOUNCIL

ENGINEERING




Robot Desitgiowa State University
Mobility System

A Motor mount position
A Contact surface area
A Ground pressure

A Wrap angle

A Traversal friction

A Sprocket connection




Robot Desitgiowa State University

Excavation

A Staggered buckets
A Belt driven

A Spring suspension
A Throw angle

samy " mne

%'f,’_;ii*




Robot Desitgiowa State University

Deposition

A High angle of repose needed

A Shorten actuators

A Double usage of axles

A Offload skirt to reduce spread

A Understand system at different fill and

tilt states

(2




Controls Breakdaalowa State University

Collection
e ’

Hopper

P liows

CSIVI



Robot Powgtowa State Universit

Constraints:

A Mass

A High Transient Current Draw

A Power Distribution

A Mechanical interface constraints
A Controls interface constraints

Results:

A Higher Voltage is better

A Li-Pos are great!

A Watch your VDI (~5% dropax)

A Coordinate on motor choices

A Watch the differences between BLDC and BDC motors

( CSV




