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ABSTRACT
The anaiysis and conceptual design of a mobiie habirat for the

early expioradon of the Moon is presented. Conceived as a

forerunner to the fixed base, rover operations are described in

terrns of precursor and ongoing activides. Precursor missions

inciude eariy science and geological surveys for the siting of a

permanent base and can be operated in either a manned or

teierobotic mode. During constnrction and occupation of a fixed

base, the rovet serves as a tractor/transporter for materials and

crew while condnuing as a mobile platform for scientific

exploradon. Requirements and key design feanues of a Daylight

Rover (figure 1) are described. Operating scenarios that

incorporate contingencies, day/night excursions and

extravehicular activiry GVA) are presented
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I i \ ITRODUCTION

Before rovers were added to rhe Apollo progatm, space suit

consumables and physicai endurance confined exploradon to a

smail area around the lander. Our return to the Moon will use

ro'vers to both expand the radius of exploration and provide an

added measure of safety. Unpressurized rovers offering these

fearures, however, are limited by space suit capabilities and the

risk of radiation exposurc. Pressurized rovers allow astronaun

to explore without being limited by the space suit or by landing

sit'e consuaints.
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Figwe l. Two astronats use tlv Doyliight Roverfor lunar eryloration.
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Subsystem Descripti,on Mass
k:o Source

Strucrures Prcssure v€ss€rl, hatches, secondary structure, utilities, airlock 765r SSF

ECLS Closed water Loop, air loop open (stored), shelf stable food 4629 SSF

Thermal Conrol 15kw, internal, water loop, external ammonia r'725 SSF/Catc

Electric Power l0kw, regenerative fuel cells with siolar array 3:598 Calc

Data Management S SF-derived diata management '.274 Est

Navigation Inenial navigartion system with satellite update 75 Est

Communications EVA-IoEVA,, EvA-to-rover, rover-to-base & earth l r 0 Est

Man-Systcms Command/conrol, slec pin g, eatin g, hy giene, exerci se, medical 3575 ssF
EVA Consumables 2-7hr EVAVu,k - 2 crew each (shunle-type PIJS) '733 Shuttle

Robotics 2 manipulators with end effectors r6? Est

Ssience Allocation - includes l00kg for sample rctum 300 Allocation

Mbslon Rrngc = lflX)kn
, ,Crcg =2
, Duntlon = t0 drys (66 + 20%

Total

- Uncertainty =.10

Total

22832

z',.293

25115

'i::i:li:itiiil:::!::;rr:: r::::

Figure 2. Results from l000lan rover paratnetric arulysis suggest a leavy vehicle.

REQUIREMENTS

Under a NASA Planetary Surface Systems conract, a

detailed parametric analysis for a 1000km rover was conducted.

Although the material was parametric, the sium of minintum

subsystems produced a 25mt vehicle and required an 80-day

mission to reach the 1000km radius and renrm" See figure 2.

Range Because of the impact on vehicle size, the 1000km

range was reviewed and alternatives were analyzed. The

1000km range was considered overly amlbitious for early

exploration and frndings from the Lunar Outpost Site Selection

Workshop, (NASA, JSC, April 1990) concluded that ro'vers

with a 100km range provided good sciencc from the six separato

srudy sites. The 14-day (336hr.) lunar night also played a rolc

in limiting the range, more from the stand-point of sizing the

electrical power system than driving drring the night.

Considering all factors and the rover speed (discussed under

Rate), 240lanwas establishcd as tlw maxitnwttr range.

Rate The Apollo rover averaged 8km/tn. This rate was

used for the pressurized rover and was combined with the 6w

ride quality requirement (figrue 3) to determirnc suspension and

wheei characteristics for rough rcrrain handli:ng. Furthemtore,

thc 240km range was determined to be rardius in distance.

Travel on the Moon will not be in a straight linLe along the radius.

Therefore, 4km/hr was used as the rate of progress against the

Averagc Absorbcdl Porer:

Thc rrte olgsrergy absorH by tlrc
body as related to the natlural danping

characteristlcs of the anatomy.

r'
l/f I IF(t)tv(l)rdtl

J.

Figure 3. Rover suspension system diesigned to meet ride

quality requiranunt.

range. Because of the rough ride, driving was considered an

e:rclusive operation, meaning that other activities were

prrformed while the vehicle was stopped. A 10hr work day was

divided into three alternative proponions of driving and science

(sce fignre 4). Vehicle sizing conside:red a maximum l?-day

ndssion with two days for contingency. Therefore, a l2'day

nfission driving at 4lonlltrfor l1hrs a fu,y enables a round trip of

480kn (240km range). Figurc 5 describes the featrues and

benefits of ttre Daylight Rover range andlrarc.

Rescue Another important factor considered in both the

vehicle sizing and range was the capability for nescue. Figure 6

s,hows that if a rover is disabled at its mpdmum range, another
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rover traveling contirutously at 4lonlhr can re,tct/c the crew and

return within the lunar day. ln fact, the return rate c:u be

adjusted to l.8krn/hr to provide an easier ride for injured

crewmembers while still completing the rescue within one lunar

day.

Crew Size Crew size is an important factor in rover

desi gn. Skiii mix, cros s-training, automatiott, maintainability,

subsystem sizing, consumables and many other charactcristics

are dependent on the number of crew. A minimwn crew of two

wos selected for the rover in order to provide the most effective

combination of resources and vehicle mass. The crew sizing

Figure 5. Thc Daylight Rover offers bene,fits withow

compramise to scierce,

,ll l;

analysis included rover operations wj.th both personnel and

vehicle condngencies as weil as consid€radons for the buddy-

S]'stem for EVA. Another factor in deutrmining the number of

crew was sizing the environmental control and life support

s)'stem GCLSS). For the reasons of rescuing and returning two

ulditional astronauts and maintaining c,ost saving commonality

with Space Station Freedom, a system capable of sustaining a

clew of four was selected

ghthotn
kn/hr

li!l'' o'

192

Figure 4. Lunar daylniglrt qcles 'a.nd rover operuiotu determinc mission length.

Feature Bcn€flt
A-Dsy Ercursion Daylight operadonr rffud gmd visibility for mtfiiry

and ricncc
STS-qAc crcw accornffilstions
Opcn ECIS (retein wEsE and proccss at basc)

2-Day Contingency - 2&y contingency + l2{ay mission = 14 days daylight
- Daylight rcscuc by sccond mvcr is possiblc

4krlhr Spced - 240k8 (radius),4t0km mission
- Excccds l00tm "good scicncc" rsdius

l0br/dry Driving - l4tu/day fc sutionary scicnce and offduty tirne

4 EVAs/l2.Day Mission l.ow consumablcs loss (aidock & EMU cooling)
No onboard lamdry provisions
Minimuo ficld scrvicing of EldU
Not criticai fc contingency rescuc

SPE Protectiorl - Airlck doubles rs SPE storu sbcls
- Vchiclc conrol fton shcltcr mainninr daylig[t revase

Figure 6. Rover rescue possible within orc lurur doy.



KEY DESIGN FEATURES

The Daylight Rover provides added safety against the

uncenainties of exploration through two s€parue pressure

vessels. The larger, forward section is the crew cab and

connins rhe primary command-conrol station along with science

and off-duty provisions. The smailer, aft section is a

combinarion EVA airlock and solar storrn slulter and is equipped

for emergencies, including a ponable workstation for backup

conuoi.

Crew Cab Astronauts will spend a majority of their time

in rhe crew cab and much of that wiil b,e spent driving.

Alternative controi station designs were anaiyzed and a

convendonal side-by-side arrangement was seiected. It offered

a center console with the benefits of shared controls and

displays, and provided direct viewing of one another for

improved communicadons. The three elcments that contributed

to the shape and size of the crew cab were 1) good visibiliry for

driving, manipulator control and scientificr observation; 2)

enclosing subsystems and crew activities within an efficient

pressure vessel; and 3) compatibility with tfie Space Shunte

payload bay dimensions. A tapered cylinder with ellipsoidal

end-domes (figure 7) was used to provide good wrap-around

visibiiity while accommodating crew activities and subsystem

hardware. Much like commerciai airliners, the tapered shape

matched the functional layout by transitioning from a narrow

control station to a central aisle in the cabin b,ody. The control

station allows either astronaut to drive, but divides up

responsibilities by designating the left seat iui the commander's

and the right seat as the science station. The accommodations

for ctew systems were selected according to mission duradon.

That is to say, the rover was provisioned for a maximum

mission of 14 duyr; more like the Shuule than Space Station

Freedom (figure 8).

Figure 7. Front vier+, of the rover slwws how tln tapered

front-end offers good vitiibility.

Airlock/Storm Shelter The sha:pe, size and orientadon

orf the EVA aidock was detennined by' exa-ining the voiume

r,equired for donning and doffing space suits in a gravity

environment. A Inrizontal cylinder yvith hatches in the end-

alomes provided the most useful configuration. This

arrangement combined the airiock functions with access to both

crew cab and outside. In addition, ovrtrall vehicle weight was

rreduced by using the strucrural ring fiamss as hardpoints for

anaching the mobility system and the elmtrical power systenr.

The radiation storm shelter function of the airlock evolved

from a uniform distribution of dead mass to an tntegrated

concept ustng existtng on-board subsystems. The fuel ceil

h.ydrogen and oxygen reactants tanks rpere configured to wrap

around the airlock providing 2pi steraclian shir;lding against an

equivalent 1972 anomalously large soliu proton event. In order

trc maintain constant protection, th€ water produced from

g,enerating elecricity is plumbed o confbnnal unks repiacing the

shielding lost from depleted reactan$. A dctailed radiation

analysis using the Boeing Radiation Eriposr:re Model (BREM),

. Pcrsonal hygicnc/wastc managcment (PIilWt)

. Gallcy

. Multi-purposc spacc

. Clrcw bunks

. (}cw hcdth carc (CHC) storagtl

. EVA suit storage

. Conml station

. Space shuttle (STS) us€d as preccdcnt for privacy
considsrations

. No srew health carc (CHC) facitity required

. No exercise equipment requircdt

. Soiled clothing cleaned upon rcturn

. Wasts products compactcd and stored

. Mass = 1260k8

. Power = 2l33we (pcalt usage)

. Volumc =L3.22rF

. STS proven prccendcnt fc < t4-day missions

. Can accommodatc 4-man clrw for contingcncy opcruions

. Dcployable furniture allows multi-usc of spaces

Figure 8. Daylight Rover mtn-systerns lardware rcconvnofutiotts.
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Subsy$em Description Mass
L o Source

Strucurres Prcssurc vesscl, harchcs, sccondary smrcnrE, utilities, aidak 2496 ssF
ECI.J Opcn loop, dctcrrcd proccssing, UOH for CO , H O hom fucl cclls w7 ssF
Thermal Control lOkw, shiclded radiator 765 SSF/Cslc

Electric Powcr l0kw, fuelcclls nn Calc

Data Managemcnt SSF{crivcrt data managernent 274 SSF

Navigation Inenial naviLgation sysrcm with sarcllitc updaa 75 Est

Communications EVA+o-EVA, EVA-torover, rover-tlbasc & carth l r 0 Est

Mur-Syscms Command/control stffion, shuttlc-typc pnovisions tzffi SSF

EVA Consumablcs2-Thr EVAdwk - 4 missions - 2 ctew/EVA - vcnt airlock 40 Shuttlc

Robotics 2 -o"ipulaton with cnd cffccton t62 Est

Sciencc Allocation - includcs lCIkg for samplc rtrrum 300 Allocation,

Toal 8716

Unccrtainty =.19 t72

Toul 95Et

SPE Proacdon | ,-10,?f.*,
3m | 238
Trroerl Brcmt

Grand Toral I l?00E l25EEl 9E26

Figure 9. Weight breakoutt of tlu Doylight Rover $ubsystems including radierion protection

NASA Fansport codes and the 3-D computer aided design

(CAD), rover data base verified dosages below .NASA Standard

3000 limits. The effectiveness of this approach was

demonstrated by reducing the total vehicle mass from 17008kg

ro 9827kg, whiie incurring a penalty of only 238kg in the

subopdmization of fuel cell unkage and plumbinrg (figure 9).

Mobility System Although lunar soil has been well

characterized, the rough terrain and unpredictable narure of

exploration suggested a conservative approaah to the rover

mobility system. In positioning the wheels, a wide iootprinr
provided greater stability while all-whteel steering and drive

aclded improved control and reliabiliry. lt'he analysis used to size

the mobility system incorporated 1) thnrst as a function of soil

strength, slip and wheel/ground contact area; 2) motion

resistance; and 3) drawbar pull (figure 10). From this sizing

analysis, energy consunption was caiculated and factored into

both the sizing of motors and vehicie oporation&l characteristics.

An all-wheel drive and steering system with four sets of dual
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Figure I l. M. G. Bel*,er's rover whcel comporison.

I.5m diameter wire mesh wheels was selectcd bascd on the

analysis from M. G. Bekker's comparison of 8-wheel types

(figure 11) and actual Apollo LRV experien,ce. \tr/rap-around

windows in the crew cab allow direct viewing of the front

wheels, however, each wheel set is equipped rvith video camera

and lights for ciose inspection of the arEa around the wheels.

Manipulators A pair of mechanicarl arms give the

astronauts the abiliry to explore without leaving the rover. The

three-segment arms have shoulder, elbow uld nrrist joints for

anthropomorphic operations and come with irterclwtgeable end-

effecnrs for scientific investigations. Cameras and lights on the

arms afford close-up inspection, however, samples can bc

brought to the window for eyes-on viewing or can be placed in a

mini-airloc,t on the science station side of the crew cab for

"hands-on" examination. ln addition o the scientific opentions,

the cameras on the anns are to be used a$ roving eyes for

inspecting pans of the vehicle outsidc the viewing arca

Micrometeoroid/Ground Obstacle Protcct ion

The upper portion of the rover is protcctcd from

micromecoriods by a thin aluminuD skin. Thc skin has beodcd

pwuls for geomuic stiffcning and like |SSF, standsoff fron the

prcssure hull to accommodaa multi-layer insul,adon and allow

encrgy dissipation from impact. The fonverd scction and

undcrcarriagc of thc rover are reinforccd by cotrugatcd

aluminum to protcct against rocks scraping the pressure vcsscl

SiUMMARY

The Daylight Rover is dcsigned lbr early lunar dclivery

allowing asmnaun to conduct sciencc, transport equipoent and

nrrurn samplcs from a mobile basc. Als an element of a largcr

furfrasmrcture, thc tovcr can arrive aheadtof thc srcw o chcckout

v'ehicle systerur, perform rcconnaissflIrc€, and collect sanples

fimm many diversc regions. li imprrovr]s overall systrm safcty

and reliability by allowing thc anriving crcw to sclcct

conscrvative and ccononical landing sitss. Tha awaiting rover

orffcrs presclectcd samplcs and p'rovides acccss to thc rugged,

scientifically intcresting sias. In addition, the radiation storo

sheltcr on thc fi)ver relicves the landpni of the recurring weight

pcnalty for shiclding

Rovers play an incvitable role in planetary dlcvelopreil and

tJhc Daylight Rover embodies the features required for early

explorarion.
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