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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.

Jacob Hackett
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Project Scope:

Objective: Move the LSS payload around the lunar surface

o— aov

Develop a full-scale |dentify methodology for
simulation and scaled scalability of the LSS
prototype of the assembly Assembly Tool.

tool to transport modules
of the life support system
on the surface of the
Moon.

Jacob Hackett
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Project Scope:

Key Goals:

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

Jacob Hackett
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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.

Jacob Hackett
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Project Background:

\ B =

Technology Research
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Project Background

® De3|gn 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

| aleb Jann
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Project Background

#Preparation for Unique Obstacles
* Lunar Environment Studies B il
« “Zap Pits” — Micro-meteor impact sites o
* 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

Caleb Jansen
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Customer Needs:

Synthesis of customer responses into needs

Caleb Jansen
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Customer Needs

Questions Interpreted Responses

# How big is the payload we will be # Need to lift a 300kg load
lifting?

Caleb Jansen
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Customer Needs

Questions Interpreted Responses
# How big is the payload we will be # Need to lift a 300kg load
lifting?
# \What scale of a model do you # \arious scaled models
expect?
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Customer Needs

Questions Interpreted Responses
# How big is the payload we will be # Need to lift a 300kg load
lifting?
# \What scale of a model do you # \arious scaled models
expect?
# How detailed of a simulation would you # A full scaled model for simulation
like?

Caleb Jansen
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Customer Needs

Questions

# How big is the payload we will be
lifting?

# \What scale of a model do you
expect?

# How detailed of a simulation would you
like?

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

Interpreted Responses

" Need to lift a 300kg load

” Various scaled models

" A full scaled model for simulation

" The assembly tool will be fully

assembly, excluding possible hand tool
assembly

Caleb Jansen
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Functional Decomposition:
S
o

Power Communications Motion Payload

Caleb Jansen

FAMU-FESU Engineering MECHANICAL ENGINEERING



Functional Decomposition

[ }

Transmit Store Receive

Recharge/
Generate

Caleb Jansen
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Functional Decomposition

[GJ Power J Communications

Transmit Process Receive
Signal Signal Signal

Broadcast Detect Identify
Signal Signal Signal

Caleb Jansen
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m Functional Decomposition
B B

[E"j ower J Motion

[% Communications J [ |

Translate } [ Rotate ]
Covert Covert
Electricity into Electricity into
Kinetics Rotation
Traverse Change
Terrain Heading

Jacob Hackett
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m Functional Decomposition
]

[E‘!j ower J Payload

Secure
Payload

Covert . Covert

. Lift ..
Electricity into Pavioad Electricity into

Kinetics y Rotation

[ Translate J [ Rotate }

Jacob Hackett
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SAE Level 1 Autonomy Graphic

SE SE
LEVEL O LEVEL 2

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and
you are not steering

g.,E SAE J3016™LEVELS OF DRIVING AUTOMATION

SE SE
LEVEL1 B LEVEL 2

You must constantly supervise these support features,
you must steer, brake or accelesate as needed to
maintain safety

What does the
human in the
driver’s seat
have to do?

What do these

You gre driving whenever these driver support features
ate engaged - even if your feel are off the pedals and
¥OU are not steering

You must constantly supervise these support features;

you must steer, brake or accelerate as needed to
maintain safety

These are driver sunnart features

These features These features These features
are limited provice provide
to praviding steering steering

You are not driving when these automated driving
features are engaged - even if you are seated in

“the drivar’s seat™

Wnen the featore These automated driving features
regests, will not require you to take
you must deive over driving

These are automated driving features

These features can drive the vehicle This feature
under limited conditions and will can drive the
not operate unlass all required vehicle under

These are driver support features

These features
are limited
to providing
warnings and
momentary
assistance

These features
provice
steening

OR brake/
acceleration
support Lo

These features
provide
steering

AND brake/
acceleration
suppoet 1o

features do? warnings and OR brake/ AND brake/ congitions are met all conditions
eatures do? momentary acceleration acceleration the driver the driver
assistance Suppoet to support to
the driver the deiver
» automatic +1ane centering [l +lane centering [l *tratfic jam *local deivertess il +same as *automatic «lang centering «lane centering
emergency chauffew taci bevel 4,
braking on : Ay « pedais/ but feature emergency OR AND
Example  JNCHSEGN +adaptive cruise [l +adaptive cruise g can drive blak!ﬂq
Features 0 $p0 control control at the LG ererywhere

Lot e same time

+lane departure

warning

wheel may o1 i all

ey flot be conditions
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Existing Technology

L
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Lunar Rover Vehicle from Apollo Missions
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Regolith

# Properties 5.
# Thickness of about 5 m to 10 m depending k7
on location gl
# Fine gray soll, with rock fragments
throughout
# Constantly bombarded by micrometeorites
and solar wind irradiation
4 Glass can be found at the bottom of
craters
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g
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Customer Need Table

Questions

7. Will the operator be on the

Response Interpretation

1. How big is the payload we
will be lifting?

Moon or on Earth?

“300 kg in earth’s gravity™ The LSS assembly tool will

“The operator would be on

same ‘planet’ as the machine™

The operator of the LSS
assembly tool will be
relatively close to the system.

need to lift a payload with a 8 Do we have mass

mass of 300 kilograms. constraints? Material

2. What are the size
constraints of the system?

“4m x 4m” The LSS assembly tool will requirements?

need to fif 1n an area of 16

“Less than 805 kg. No
specific requirements on
materials.”

The LSS assembly tool will
be less than 805 kilograms of
mass. There are no specific
materials that need be used.

9. Will the system need to lift

meters squared, fully :
the payload and then attach it

assembled.

3. What scale of a model do
you expect?

to another part of the lunar

“T would like this to be truly The simulation will need to

base (a docking mechanism)?

parametric which I canuse a have various scaled models 10. Besides lifting and

transporting the payload,
should the LSS assembly tool

slider gain to scale down the available for the customer.

model.”

4. How detailed of a
simulation?

do anything else?

“As a customer I would A full physics model 1s

11. What range do you

needed for the simulation- it desire?
Lwt: 3 § Ll

answer this with I want a full

animated simulation must lift and transport the

12. How high 1s the platform

including full physics model.” payload. that we will be moving the

5. Do we need to worry about
how to power the system?

“This 1s going to be heavy Powering the LSS assembly payload from/to?

13. Are vou concerned about
regolith?

machinery on the moon so I | tool will be the responsibility

am looking for you to of the team.

“TBD, assume yes until
clarified”™

Yes, the design will account
for locomotion over regolith.

14. Is there a specific

determine how this would be )
program or software package

powered. I assume solar.”™

6. Do vou want 1t to be fully
assembled when we get
there?

“As a customer of course, 1 Upon arrival to the Moon, the in?

“One that is industry friendly
and can be shared if

Until further notice, the team
will use the sumulation tool

LSS assembly tool will be
able to begin

want 1t fully assembled. My

expectation would be that the controller for the “driver” to

use?

any assembly needed would | lifting/transporting payloads,

the simulation should be done necessary.” recommended by our faculty
adviser.
15. Is there a preferred “No.” The control system to be used

by the driver is at the
discretion of the team.

. . . . . 17. Is there a concern for the
only require the hand tools.™ | disregarding minor hand tool ; )
-’ = = time needed to move a

adjustments. payload?

“Yes, but this will be
determined later.”

This is not the current focus
of the design.
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Functional Decomposition

System Functional Decomposition
Function Measure Transfer | Control Magnitude Provide Convert

Transmit Power i

Store Power i

Receive Power +

LS5

Regenerate Power + +

Assembly
Tool

_ _ :PHlllluad

Send Communication
Signals

-1

Broadcast Signal

Receive Signal

Process Signal

Identify Signal +

Detect Signal +

Translate Vehicle
Rotate Vehicle

]+ [+ ]+

T K Transmit Recaive Process Serure
Tt Stare Fi . : Translate Ti ™ Rotat
| ransmi | | | | BCETE | | Signal | | Sigrial Sigral Rotate rarska Padasd olate
P 7 \
A | i \
Convert Lift Corert
Electricity Payload electricity

Convert Electricity to
Translational Motion

Rotational Motion - - i .
Generate signal Signa Signal inta into

Traverse Terrain + kinetics rotation
L " L "

Convert Electricity to Carnvert Comvert
Recharge | | Broadcast | | Detect | | ety | elactricity alectricity
inta irto
kinetics ratation

Take Angle Input +

Indicate Angle Change

Traverse Change

Translate Payload Terrain Hisading

Secure Payload

+ ]+ ]+

Rotate Payload

Convert Electricity to
Payload Rotation

Convert Electricity to
Payload Translation
Lift Payload =
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Functional Decomposition

Flow Chart of Motion

Desired Speed
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— =~ Heat
Electrical Signal
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———— Force
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Functional Decomposition

Flow Chart of Energy

Stare | . Supply [ N Transmit R Actuate | o Regulate | | { '_2_=_ .
Electricity Ebactricity Electricity Electricity Electricity
Contral Signal
——~ Heat
----------- Electrical Signal
Torgue
'\\_ ———— Force _,,/'
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Functional Decomposition

Flow Chart of Payload

11]
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Functional Decomposition

Flow Chart of Communication

H |Fipaut
Logic For
Energy Syitermn  ——p—# Receiver [ Rl C;;n':.:rl """ L Cantro
| B Signals
" Control Signal
e * Cantroller EE— — - —-— Heat
----------- Electrical Signal
Torgue
.\‘- ———— Force -/.

FAMU-FSU Engineering MECHANICAL ENGINEERING



Current Progress

Attributes Target
(Simulation)
Transmit Power 4KW

Attributes

Metric (Simulation/Prototype)

Store Power

1-hour max stress operation / 8-hours normal operations

Receive Power

16-hour recharge time

Send Communication Signal

100 m
Broadcast Signal 100 m
Receive Signal 100 m

Transmit Power

Simscape/Multimeter. Based off requirement for electric
motor of typical forklift and requirement to lift 300 kg
pavloads

Store Power

Simscape/Multimeter, Clock

Receive Power

Simscape/Multimeter, Clock

Send Communication Signal

Simscape/Test signal at varies range until no signal 1s found

Process Signal

0.250 ms (Response Time)

Identify Signal

0.250 ms (Response Time)

Detect Signal 100 m
Translate Vehicle 100 m
Rotate Vehicle 360°
Convert Electricity to Rotational Motion 500 Nm
Traverse Terrain 5 km?
Take Angle Input 0-360°
Indicate Angle Change 0-360°
Translate Payload 2m
Secure Pavload 1500 N
Rotate Payload 360°
Convert Electricity to Payload Rotation 500 Nm
Convert Electricity to Payload Translation 500 Nm
Lift Pavlcad 300kg
Size 16m?
Femote Controlled 100m
Autonomy SAE Level 1
Powerport 120V/230V
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