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_ PROBLEM DEFINITION _ FINAL DESIGN SYSTEMS
A sustainable presence on the Moon requires the ability to transport fluids @ NAVIGATION E COMMUNICATIONS

Between surface assets for needs such as in-situ resource utilization or waste
management.
Stereo Pair
Distribution Rovers Lumnar Base
—

!
<
B

" Surk: Wisual e Forward P + 3
CONOPS | = e 1 [m] [ e b ¢
Iman 5 B - 4 a1w i

Filter i Mg 3.1 a0

Nugget n.ﬂ'\ltiF/_l
- LiDAR .ﬁ*

* FlashPose
UHF Band - 10 Kbps - B0 W

Algothim Link Margia: 15.04 ol
- |CP ESA's Lunar Pathdinder

Desired
Fath

|i| POWER SYSTEM e N

_—
[ Fowsr  ODamary | SelwrAma |KapRessas =

Scrce
[ N [T T n:u.m —

Revr ark s

Dlurbuie Solwre |4 #Wh ir | indngarcane

nRame | |charging

Daget snn i armay [eemwn wam | cramiege
i

= fr mspp

| 15RU Plant |

FLUID TRANSFER DESIGN FUTURE DEVELOPMENT

- Suspension System: Tanks:
Self—allgnlng Modular Off-World Transfer System [SMDTS} * The Mugget ravers are designed 10 operase on slopes up 1o 30 degrees while malntaining stability and traczion. 4 * Design structural support for the tanks
* Toaccount for the shope [imit, the rocker bogie suspension system allows the ravers to dimb obstackes twice the wheel diamater . . :
Include pressure-release valves into tank design
+ Stowart-platfonm based capabie of aligning and fhuidl transder couplings vehile hosping the whals in contact with the ground. . uae B &
+ Composed of wo habees for rigid cannection: passive [green) and active red) Wheel & Chassis Design: Design the feedback loop for the autogenous
+ Essentlal Ste izati
. U“Lﬂ:“mm'mﬁmmmmpmuf then active hall initiates control slgorithm for connaection *  Scaled off of the Bassline SFR 1.7 configuration, which was utilzad in sarty NASA testing, the matenial of the whesl was chosan to pressurization
= Rigidly connect both hales with a I.u(hln:mmlanlyn then open the (s o allow coupling e NITH-SMA, (Nicke| Titanium - Shape emony Alloy) for fs elasticity and capabisy to withstand excessive deformation. * Add tank baffles to control 5|oshi|‘|g
+ Linoar staga mates the couplings to anable S transler *  Fram feramechanics analysks, the minimum drawhar pull was found 1o be 10006 M, which was averaged for all Negget Rovess, d .
= Linar stage ratracts, irk closes, latches di . and posti : Inchudiig bath grogs and dry mass. Proposed Testing:
near tecs b e, psilan resats *  BOGLTE Aluminum was chosen as the material for the chassis due 1o its high strengeh-so-welght ratio and comosion resstance.
* Develop and test prototypes of all major subsystems, including
. . . nugget rovers, depot interfaces, and distribution systems
Tank DESIgr_I. PTEISEUIII‘?.EUOI'I. o — e * Validate the fluid transfer process under cryogenic conditions to
Parameter | Shell Matel bt bt (L} | ot b e ensure reliable, leak-free operation
\W High strunge-bo-wuight ratin, ks demity | Rudlcsor: Dusbiu-Alumirised bylar [Fid | Ve Florw Rates | Ttal Giavecuss Mans | Tormgamaturs e | * Perform integrated testing of the full system [nugget—depot-
| Task Type ) Sac: Fiturglins i I | 1 | | I N
pRw— Al Alloy 135% | orss 0OAMS | S0Lapers 3 Layars por 1o 0258 b ™ FeTT distribution) to evaluate coordination and performance
| } 1 n8se I 1 1 1 . i ine i il iti i i
o e Aluerirvarm Moy 081 | vy FFEe | BLapers mm A BaEa10 kg | Lieky 30 - Sl Conduct environmental testing in lunar-like conditions, including
' . . vacuum, extreme temperatures, and dust exposure
Fil Time Pusk * Refine communication and autonomy to improve reliability
Fuil re . . N -
B T aytcad) o P . Th I lati Lows-thermal during long-duration, low-visibility operations
Watir ] 03500 assive HE':I'I‘IB nsulation . bailoft far longdur s i * Ewvaluate scalability of the architecture for larger lunar
* MAsAcryogenic fluld management anchisecbures emp hasiae 2eno- T long -duration prope Inner Shel, 4mm P H e,
o 23k storage, making boll-o#f minimization a critical design driver far lunar 15AU lagistks. /_ infrastructure and sustained missions
Tank Mozzie SMOTS 1 + Wrtertowl adopied  <1% boll-off per sortie rouer lovel reguirement as a practical storage theeshald. [ren — o
L] a0 + Inmulated support struts and muttfayer insulation were used to reduce mdiative heat transter. Fluld Fragrem
- W""‘m-‘:-;" hmlw-d'"n'm-h-d'm*“*::t:"* fo LOKIOH]  2ak * LOK: SO-ayer MU achigved 0.17% boll-off for LOX amd 0.81%
- with bl ang crpmgene curing tramm . . -t -
. e g . ant maintabisate | L2 0055 kg LH,: S0-kayer ML requined to reduce ball-off below threshald to 0.81% il
- - Ms-layer
= bobtion/Chech Wavn and Sermum e placed s monfer bandrinbuend [woeage G086 (00 02 sl Insulation
ksading] and autbaund |revir deibelution) i I N
. Y, [
Active Thermal Management Outor Shel, 5mm -5
+ Lewnet susithor vaction head and seamies dusign i lurer upratiuns ersuee o cavitiion fivkdus *  Rower electronics are oxposed tempesmtures below 20 K, reguiring acthve thermal protection. ——
N :'::'“""EI‘I‘:'I':::'_L_‘ et s 11 2 Ko e gt of standard R +  Batteries and awionics were maintaned within an cperational range of approxdmately 0°C to 40°C using an et
.m;:;mr.-um L g s frampd ™ Insulatod warm electronics box with heating requiremants mnging betwesn 25W and 33W respectively )’ e
 EMicumt kow pow drirw of “BES W ksr LOK, ~TEE W far Hy, and S5 W ior LH and commplite trassers * Radiator sizad wsing tha Stafan-Boktzmann b rejocts aooess haat during operation. J
o 4000 by LW, 50 by L, e 3510 g o0 i bt 28 Basars. -
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