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Project Requirements and Scope:

Project Scope Project Requirements

Hannah Rodgers
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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.

Hannah Rodgers
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Project Requirements

Need to lift a
300kg load -
Prototype no The vehicle’s
smaller than range is 1.5
laptop kilometers.
(" Must reach )
Remote payload, which
control will be on a
operated lander that is 30
. feettall.

Fully assembled upon
arrival disregarding
minor adjustments

Hannah Rodgers
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Concept Generatio
B 9, @
- '&‘ A
Brainstorming Medium Fidelity High Fidelity

Kyle Nulty
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Loading

EnWwtohiorental
Con&itions
Carrying

Unloading

.
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Medium Fidelity

# Forklift
 Reaches Payload
from ground level

# Wheeled Climbing Robot
* Legs are wheeled
« Grippers to secure

payload

# Scissor Link Vehicle
« Large platform for Payload
« Arm to place on platform

# Wall-E Robot
 Treaded
« Gripper for Payload
« Stores inside its body

#  Shipyard Crane
« Stable
e Secures Payload
* Motion Done by Nasa

Kyle Nulty
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High Fidelity

# Smart Truck
« Arms used to grab
the payload

* Gyroscope to not
tip the contents

e Secures on its back

e Payload has two
secure points

e Wheeled
Kyle Nulty
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High Fidelity

# Portable Crane - ~———

« Crane used to grab ool ol ﬁ
the payload =T —— '
_— f,// - — 1 afll
 Secures on vehicle - — e /// m._:
. /\(h — .

« Crane retracts during | _j ey i —T
movement ;’Z»l\(,ﬁl’_’f \i;‘v ;_.T__

g; “‘;‘“‘“ oo, ‘“—_1% ,%,j

« Payload has one | S
secure point M —

 Wheeled

Kyle Nulty
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High Fidelity

# RHex Robot
« Utilizes a gait for
movement

« Climbs up lander to
secure payload

 Legs comprised of
spring dampers

Kyle Nulty
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Concept Selection:

Selection Process Final Design

Noah Lang
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The Selection Process

Comparison
Matrix

House of
Quality

Pugh
Charts

Analytical
Hierarchy
Process

Noah Lang
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The Selection Process

Comparison
Matrix

House of
Quality

Pugh
Charts

Analytical
Hierarchy
Process

=3 FAMU-FSU Engineering

Comparison Matrix
cl Control Control
Lift Size Power |[Aszembly ose _DrT = Weight | Regolith | Solution e rl'tr
Proximity Mechanism
Total
Lift Payload 1 i) 1 1 1 1 1 1 7
Size 0 0 1 1 1 0 1 1 5
Power 1 1 1 1 1 1 1 1 g
Delivery
Minima o o o 0 0 1 1 o 2
Assembly
Close
Control ] ] o] 1 o 0 1 ] 2
Proximity
Weight 0 0 0 1 1 0 1 0 3
Regolith - 0 1 0 0 1 1 1 1 5
manuver
Unique 0 0 0 0 0 0 0 0 0
solution
Controller
_ ] ] ] 1 1 1 0 1 4
Mechanism
Total 1 3 0 B 6 5 3 3 4
Noah Lang
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The Selection Process

Cu:um[:uer'su:un Metr':-c
Comparlson Lift Size Power |[Aszembly £ [?Dr?tml Weight | Regolith | Solution CDntr?l I
. Proximity Mechanism
Matrix
Lift Payload
Size
Power
House Of Delivery
Quality Minima
Assembly
Close
Control
Pugh Proximity
Weight
Charts Regolith -
manuver
Unique
. Solution
Analytical
. Controller
HlerarChy Mechanism
Process Total

Noah Lang
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The Selection Process

Comparison Matrix

Comparison
Matrix

House of L
Quality 2

Pugh
Charts 5

Analytical
Hierarchy !
Process | |

Noah Lang
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The Selection Process

Comparison
Matrix

House of
Quality

Pugh
Charts

Analytical
Hierarchy
Process

FAMU-FSU Engineering

House of Quality
Engineering Characteristics
mprovement Direction T T Tl L] L] ™| T T T T WL T
SAE
Units] kW | h | h m m|m|ms|{ms| m| m|deg Nm km” deg| deg | m | N |deg| MNm Nm ke |m® | m | Levell v
- E = L] S e | = En h-] s [= 2 5 ki
S8 % |5|zlziElel 2|8 SEG|E ol fg fE | B oz
Customer m|mr_tanu:e gl 3 & 5% ﬂ al ml & ;%” E g2 E E = E HES £ 5 'ﬁ% 5 o E 5 &
- weent | 2| S| S| EE| 5| 5| G| 2|2 5| 2| 23|l B El il S| Eg| 2Rl E 8 &
Requirement E = E i al|l =2 o| 5 Ul o= il - | & o o 2 o o = E
Factor | 21 Bl 8l S| 8| 8| 8| E| E| 2| E| ts| g :| sz % 3| Bl £ 5% £ g I &
= | = - 2l =)l &) 2| o 0l = = o Bl = al 8 2| 2 2 F 22 - E
(= c o = [==1 = = = - [ o [~ c ﬁ o
s § < Hi ¢ §& £
Lift Payload 7 9 1 9 o 0 o o o o 0 o 0 5 0 9 9 9 9 9 9 o o o 0|
Size
El 0 0 0 0 o 0 0 0 0 5 E 3 E 0 o 0 0 0 0 0 0 9 0 1 1
Power Delivery 2 g 5 9 0 0 0 1 1 0 7 7 9 1 1 1 7 3 7 9 g 3 1 0 0 g
Minima
Asszembly 2 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 5 0 0 El
Close Control
Proximity 2 ] 0 0 1 1 1 1 1 1 Z, 9 0 5 3 3 0 0 ] 0 0 0 9 0|
Weight 3 0 0 0 0 0 0 0 0 0 9 9 5 9 0 1 9 0 0 0 0 0 5 0 0 0
Regolith 5 ] 0 0 0 0 0 0 ] 0 Z, 9 3 9 0 3 0 0 ] 0 0 0 0 0|
Unique Solution of o o o ol of ol o of o s| o ol o of o 9 3| o D o s 1| 1 0 0
Control
Mechanism 4 0 0 0 9 9 9 0 1 9 1 1 0 3 9 0 1 1 1 0 0 1 0 9 9 0|
Raw Score 2189) 135] 47) 135 38| 38| 38] 10| 14| 38] 175|175 1171 127] &85 32| 150] 91123 135 135] 9i] 78 36 50 a7
Relative Weight o5 | R | 5 174 i | G | B | HOE | B B B S34) | HE| L4c| 450 4 | 6.17 617 | &5 s 164 270 3.97
Rank Order 4 17 4 18| 18| 18] 25] 24] 18 1 1 10 3] 14 23 3] 11 9 4 4] 11] 15 22 16 13
Noah Lang
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The Selection Process

House of Quality

Comparison
Matrix

Cust mportance
ustomer
Reaui ; Weight
equiremen
a Factor

House of
Quality Lift Payload

Size

Power Delivery
P h Minima
ug Aszembly
Close Control

C h artS Proximity

Weight
Regolith

Unique Sclution

Analytical —
Hierarchy T
Relative Weight |

ProceSS Rank Order

Noah Lang
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The Selection Process

Comparison
Matrix

House of
Quality

Pugh
Charts

Analytical
Hierarchy
PI’OCGSS rank Order] 4] 17| 4] 18] 18] 1s| zs| 24] 18] 1] 1] 0] 8] 14] 23] 3] 11| gl 4] al 11| 15| 22| 16|

Noah Lang
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The Selection Process

Comparison
Matrix

House of
Quality

Pugh
Charts

Analytical
Hierarchy
Process

; Smart
Selecti Wheeled shipyard| wall-e | %" | truck |Portable| &
election ipyar all- ruc ortable EX
IEE ATHLETE | Climbing| Forklift [ Link -
Criteria Crane Rowver ; with Crane Robot
Robot Vehicle
Arms
Lift Payload + + + + +
Size + + + + + - +
Simulation
5 + + + + 5
Mode
Power
i 5 + + 5 + + +
Delivery
Minima
+ + 5 + + - +
Aszembly
Close Dratum
Control 5 + + 5 + + + +
Proximity
Weight + + + + S +
R lith -
FEall + + 5 + 5 + 5
manuver
Unique
B + + + + + - +
Solution
Ci
Dntm”_er 5 + + 5 + + + +
Mechanism
# of Pluses 5 B 9 4 B
# of Minuses 1 3 5 3

Noah Lang
MECHANICAL ENGINEERING
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The Selection Process

Smart ;
Scissor

Comparison cueria | % [ [k
Matrix

Arms

Lift Payload +

Size = 5

Mode
House Of Paower
- Delivery
Quallty Minima

Aszembly

Close Datum
Control - 5
P u g h Proximity
Weight 5

C h artS Regolith - 5 g

manuwver

Unique
Solution

Analytlcal Controller
Hierarchy Mechanism

# of Pluses 1 1

ProceSS # of Minuses 3 =

Noah Lang
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The Selection Process

Comparison L }?&k unk
Matrix # Final decision Pugh Chart e ayioed :

;
House of # Eliminated Scissor Link pelivery ;
Quallty VehiC|e :ﬂs'n'mla” 5

Close Datum

Control - 5
Pugh # Arrived at final design o :
Charts selection: “Truck” with Regolith - s | s

arms solution - -

Analytlcal Controller 3
Hierarchy Mechanism

# of Pluses 1 1
ProceSS # of Minuses 3I 5

Noah Lang
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The Selection Process

Comparison
Matrix

House of
Quality

Pugh
Charts

Analytical
Hierarchy
Process

# Compared:

Material
Repairability
Durability
Reliability

Time to Produce

# Checked Consistency of
Selected design

# Found unbiased design
selection:

“Smart Truck”

Noah Lang
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Final Design Selection

Final Selected Design:
Robotic Actuated Payload
Transport Rover (RAPTOR)

# Four wheeled vehicle
base
Full suspension
Tweels
Platform to place Payload
Arm to retrieve payload

« Capable of 2

Degrees of Freedom

A A A A
o, Yo Y% Y,

Noah Lang
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Upcoming Work

# Bill of Materials

# Start of Initial Design

# Purchase of primary materials

# Presentation to NASA Sponsors and Stakeholders (11/22)

# Start simulation of parts and systems in our design in
Simscape

# Start research into viability of regolith simulation

# Start work on poster for VDR3

# Draft a Spring project plan

Hannah Rodgers
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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

Installed

*blind spot
warmmng

lane departure
waming

«adaptive cruise
control

+adaplive cruise
control at the
same time
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Existing Technology

L

e £

Lunar Rover Vehicle from Apollo Missions

MECHANICAL ENGINEERING




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

GAED

%
& il
5 (Ee
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.

FAMU-FSU Engineering
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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
Electricity Te F —
ey Change Transmit arue oree
To T - To ——n Ta
Tarque arque arque Tractive Force Linear Mation —--—--—--—-#%
¥
(1) L
T
Communication |
System Ebactricit T
i T — cericity Change Transrmit Arque |
l | Ta Tarque Torque Ta |
| .
| * Torgue i fngle Change |
Energy Systern —| :
E] :
Electricity Change Transmit Torgus -
To Tarque Torgue To
Targue A Frictional Farce [~ — ~— %
ok
4]
[+]
Sensor Trigger — H
Thrashald Control Signal
— =~ Heat
Electrical Signal
Torgue
Sensar Camparatar — q
———— Force

1

Desired Speed
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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]

Translate
Communication Payload
Syitem I —*
B |
! - |
. Syst [Il:\'.]!_r aty Change Transmit T\'..lr'quu | ™ Lt
nergy System o o - —
T T P d Payload
Targque erque are Farce " —I— —* v
2] |
|
i N Rotate
Ll Payload

Control Signal

—-—-= Heat

Electrical Signal

Torgue
———— Force

- J/
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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 -/.
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Targets

Attributes Target
(Simulation)
Transmit Power kW
Store Power

Receive Power

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

Attributes
Transmit Power

Metric (Simulation/Prototype)

Store Power

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

Simscape/Multimeter, Clock

Receive Power

Simscape/Multimeter, Clock

Send Communication Signal

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

16-hour recharge time
Send Communication Signal 100 m
Broadcast Signal 100 m
Receive Signal 100 m
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

FAMU-FSU Engineering
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Current Bill of Materials

_ Adhesion to https:Mtransas comiproduct sipartst
¥edicke Wheel 4 e FEEIA aEEa & G200 o 1] i 66
" EErTEE ‘Hitp= s memaster comatuctur Vehicle Wheel 2 Adhesion to ) https://traxxas.com/products/parts/366
¥edicle Control Arm 4 M S0GEKEI L b & 2188 0 ™ ground 9A $ 62.00 0 0
5 Maunt wheel https:iitrazsas comiproductsipartst Connect rover https://www.mcmaster.com/structural-
¥ehicle wheel Hub 4 1664 Vehicle Control A a 9056K89
(2 2l 54 ¥ 4.00 L Mo enicle ontrolArm to hub framing-tubin, S 23.58 0 No
hitpsuyy amazoncomFASTAC
= Mount wheel https://traxxas.com/products/parts/165
Control E-tlountain-Eicyele-Shock- Vehicle Wheel Hub a . 1654 o £ 49 <ts/5 b s 100 . "
5 i 1604 2mmidpd BOTESAZHEF fref=1p_ & .
Vahicie StrutShock ¢ | Metenof | porpgyange L ] =
wheel z - https://www.amazon.com/FASTACE-
rebound jonfies id= R
. -Bicycle-Shock-
— . L - = Control Motion 160x42 MoudmaElirE‘]?EI;;XgZ‘ESSFhO\-r\ 6389
LS mm, ref= 3
] ) Body of S Vehicle strut/Shock 1 of wheel BO7PSX2HSF | £ =
¥edicle Chazsis 1 wehicle 4638TIZ - - bound 390011 1 13?s=outdoor-
al-framing-tubing gevoLy ion&i i
A05EKSS k3 286.32 a -] recreation&ie=UTF8&qid=1572483457&s
. Mation of
¥edicke Matar 2 wheel & 00,00 a Mo r=1-13 S 100.00 0 No
Robotic Arm Base Motor 2 it 5E3-2085-M0 bttty dgkcomishatiodds 4698732 https://www.mcmaster.com/structural-
each linkage &b & TEE0] 0 Mo Vehicle Chassis 1 Body of vehicle| 46987112 . f R b
. . ) htpttyyy robotzhop comientues- 9056K89 lraming tubing $ 286.32 0 N,
Hebotic Aro Base Gear Train 1 Higher torque|  276-2169 " = ©
- Bt gear-kithtm| & 293 o Mo T
_ rduing antralling http=:tetore arduing coluzaimega- Vehicle Motor 2
ISR 6D Micracontroller g arm CLRLRER ZBE0-13 3 3850 0 o wheel S 600.00 0 No
B Alurninum Linkages of https:theyw memastercomidideees: 5 Motion for -
Rodotic A Linkages 1 A 94ETES alETEH & 341 I Mo Robotic Arm Base Motor 2 ceoliarE 563-2085-ND | https://www.digikey.com/short/pddb8b s 75.50 0 No
Hobotic Ay Gripper Linkages 2 Grab payload IHETH https://www.robotshop.com/en/vex-
i 2 Gt SMETIZ ¥ 180 a Mo Robotic Arm Base Gear Train 1 Higher torque 276-2169 £ o
N . Tograb the httptw, digik ey comishortdpddd gear-kit.html| S 12.99 0 No
Fobotic Arov Gripper Mator 1 1738-1270-MD N Ny
payload 2w £ 7.62 1] Mo B Arduino . https://store.arduino.cc/usa/mega-2560-
X et http=Awwe digikey comiproduct: Robotic Arm o " 1 Controlling arm | 80! 490083
_ Giripper IMotor : icrocontroller [=] S 38.50 0 No
Hebatic A Gears ! necessary | FITO0SERD g Linkages of https://www.mcmaster.com/9146t64
SepailemidtiehotEIIGRE T -/ fwww. mc C 9146t64-
targque DDITSATES & 1352 o Na Robotic Arm Aluminum Linkages 1 = 9146T64 t - P -
- . Sealed bttty homedepob comipd2-in- Arm 91467641 S 3.41 0 No
Rohetic A Weight 1 T4 T —
payload 3 3.27 a Mo . ) ) https://www.mcmaster.com/9146t11-
Controds MEMS 7 S B [} [ Robotic Arm Gripper Linkages 2 Grab payload 9146711 e - . .
IF: Diztance CollizionfHaz
(oS Sensar u ard Detection ¥ 40,00 a o
Radio Control
Centrods FReceivert Transmit 1 device
ter Fair through user 3 : 1 ‘fes
Includes =
- - - ADIC and .
omputationtSian s st Some of the materials we expect to need, we
“ P:::Lm > MicrAc:::Ir?t?oIIer g [UEBEEEe || GRAARARAR - 1
@ neceszan for
calculations Ed 3850 i ‘ez - .
ompatationtSisn e already have- i.e. Arduino Mega
Eeomputationa®ians! | potor Drivers 2 ronirel Lzgan Driver-Hebridge-Controller- .C.
2 AuinoddplEVTEEREVET | & nee| o Mo
Simutation Matisb Simseape | ma | Smustioncf ha He
wehicle 3 ° 1 es
SHmulaticn Mulisim ma | Simuation of hA HA
wehicle 3 - 1 Yes
3 ) . Electricit hoplitem.acput?4 3wg-chislded-4-
Efsotrenics ‘wires [Shielded) [ Co;c;::tlcl;‘r TE-273-004 | copductor-stranded-hook jre-h
the-footi2024t ¥ 0.39 o Mo
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The Selection Process

House of Quality
. Engineering Characteristics
Comparlson Improvement Direction| - [ 4| - | & | MMV - . N S IR 7 A . R .
Matrix , : X
Units| KW | h | h m |(m|m|msims{m/|m]|dg| Nm [kn'|deg| deg | m | N |deg| Nm Nm | kg|m" | m [Levell| V
5 @ by b P oh b ylPostYush s v |p v
e D TR HTI R D HEH IR EE BB
Lift Payload I 9 1 9 00 0 0 0 0 0 of 0 00 0 5 0 9 9 9 9 9 9/ 0| 0 0 0
House of N
: 5 0 0f 0 00 0 0 0 of 0 5 5 3 5 0 0 0 0 0 0 00 0 9 0 1 1
Q u al Ity Power Delivery 8l 9 5 9 0 0 0 1 1 o 7 7 9 1 1 1 7 3 7 9 9 3 1 0 0 9
Minimal Assembly 21 00 0 0 00 0 0 0 0 0 of 0 00 0 0 0 0 0 0 0 0 0 5 0 0 5
Close Control
P u g h Proximity 20 0 0 0 I 14 4 1 4 1 9 9 0 5 3 3 0 0 0 0 00 0 0 0 9 0
Weight 3f 0 0f 0 00 0 0 0 of o 9 9 5 90 0 1 9 0 0 0 0 0 5 0 0 0
C h arts Regolith 5 0 0f 0 00 0 0 0 of o 9 9 3 90 0 3 0 0 0 0 00 0 0 0 0 0
Unigue Solution of 0 of 0 00 0 0 0 0 0 9 0 00 90 0 0 9 3 0 0 0 9 1 1 0 0
Control Mechanism 4 0 0f 0 9 9 9 0 1 9 1 1 0 3 9 o0 1 1 1 0 0 1/ 0 9 9 0
Analytical Raw Score 2189| 135 47 135 38| 38| 38| 10| 14| 38| 175[ 175 117 127) 85| 32| 150| 91| 123 135 135 91| 78] 36 59 87
. Relative Weight % 6.7 2.15/6.17)  1.74]174]1.74] 046/ 0.64|1.74/7.99(7.99 534/5.80/3.88 146|685 4.16/562 617  617/4.16(356) 164 270, 397
H IerarChy Rank Order{ 4| 17| 4 18] 18| 18 25/ 24| 18] 1| 1 10 8 14 B 3 1 9 4 a 11 15 2 16 13
Process
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