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The MOBIUS concept architecture presents an evolutionary methodology for lunar
tourist missions. In the MOBIUS scenario, a quartet of spacecrafis suggestedn a specific
supersynchronousEarth orbit as a nominal trajectory for a cislunar, cycling vehiclesystem.
Earth and lunar shuttlecraft service the cycler atEarth perigee and lunar proximal apogee
of the selected supersynchronous orbit. ISS is suggested as the departure platform to lunar
orbit, and eventually lunar lander shuttles will be used to serice paying passengers to the
lunar surface on a routine basis. A gradual and steady increment in complexity of mission
vehicles and operations is proposed, allowing for evolutionary growth and a sefistaining
economic model. We believe that this strategis optimal and has an enormous commercial
potential for future space and lunar tourism. In particular, attention is paid to the viability
of employing the International Space Station commercially beyond the currently proposed
retirement date, extending the useful life of the $100B facility. The MOBIUS concepis
modeled using stateof-the-art tools and proposes a viable profile that attempts to balance
available technologies with entrepreneurial needs and capital to make commercial, self
sustaining lunar missions possible, maximizing existing assets and technologies as well as
currently operating infrastructures, all in the earliest timeframe. MOBIUS architecture is
promoted as an example of how government and private sector can partner to crease
vibrant space activity in the 21st century that caters to the cultural needs of humanity as
well as inspiring the new generation of explorers.

Nomenclature

a = Semimajor axis

RAAN = Right Ascension of the Ascending Node

ROP = Radius OfPerigee

ROA = Radius Of Apogee

AOP = Argument Of Perigee

ALSPE = Anomalously LargeSolar Particle Event

CLlI = Cis-Lunar Injection

CME = Coronal Mass Ejection

cov = CislunarCycling Orbital Vehicle

CPS = CislunarPropulsion System

CTO = Cislunar Transit @bit

&/ = Spacecraft's velocity change

ECLSS = Environmental Control and Life Support System
EVA = ExtraVehicular Activity

o = Acceleration of gravity9.8 m/$ on the stface of theEarthat sea level)
G = Gravitational Constant

IDA = International Doking Adapter for ISS

Specific impulse
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ISS = International Space Station

TDC = Tourist Docking Capsule

L1,L2 = EarthMoonLagrangian Points

LTL = Lunar Transit Lounge

TLI = Translunar Injection

LEO = Low EarthOrbit

LLO = Low Lunar Orbit

LSS = Life-Support System

Mg = Dry mass of spacecraft

Mp = Propellant mass

m = Gravitational parameter &arth(398600 kn¥s?)
R = Distance of spacecraft from the centeEafth
SLS = Space Launch System

SOl = Sphere of Influence

SPE = Solar Particle Event

STK = System Tool Kit

TDC = Tourist Docking Capsule

MALEO = Module Assembly in LovEarthOrbit

I. Introduction

Al f God wanted man to become a space f-KaffiAmadEkripke ci e s,
-Lunar Basesind Space Activities of the 21st Century (1985)

Space telecomunicationsindustry has long been the mainstay of commercial space activity. In recent years,
private human space enterprises including space tourism have started to emerge as viable -amstagstig
models. A number of companies catering to human spaceflight have sprung up in recent years, and some vehicles
and systems are undergoing tests, and commercial spaceports are being designed around the globe. Since the
retirement o futltfed8 dbial sgapedotrssm @pportunities have been limited and expensive, with
only the Russian Space Agency currently providing routine crew transpitie foternational Space Statiddow
that several civilian passengers have been flowthédéSS, companies have been exploring the potentiafligints
beyondthe LEO, especially targeting lunar tourism. Private efforts to develop lunar resources -bite fuel
productionare also underwaylhe current trends in world tourigsmespecially in tie Cruise linesindustry offer
lessons to be notelCLIA 2015]. The MOBIUS project is in line with sucéfforts and presents an evolutionary
phased strategy for lunar tourism.

One of the characteristics of a viatd&rongbonedevolvablemissionarchitecturés its perpetual ability to grow
and transfornwith frequent missionawhile adaphg to changes in customer needs, technologies and shifting policy
and economic constrainfRechtin 1990] Dueto the proximity of outMoon, such factas would be denonstrated
more easily and verified
early, and with less growing
pain penalty for missionso
the Moon than for those
missions targeting Mars for
instance because of very
limited interplanetarylaurch-
window opporturties and
much farther distance from
Earth Obviously, colonizing
both our Moon and Mars and
utilizing  their  resources
would create  enormous
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lunar surfaceavailability of frequentaunchwindows, and easier transportation, fututdoon programs outweigh
their Mars peer architectureBhe prospect ofunarmissions, specificallyourism is encouragingn this regardlt is

an example of ouinfant steps to becometauly spacefaringspecies. It is one more way to bring the solar system
into our economic sphere of influence.[Marburger 2006 Moon has a lot to offefSchrunk etal 1999, 200E&nd
MOBIUS is a candidate architecture for initiating lunar tourjgure 1].

II. MOBIUS Concept

The MOBIUS concept architecture is built around a cislunar cycler architecture. Cyclers are spacecraft that
continually cycle betweenrbiting bodies approaching and departing them periodicaliithout ever stopping at
them. Shuttle craft are egyed to rendezvous with cycleas they move in precisely timed trajectories, allowing
crew and cargo to be transferred, as they aaahdestinationThe currentproposedviOBIUS conceptis based on
a mission design architectuirewhich aquartet ofspacecraft innominal trajetoriesis used i.e.a cycling, cislunar,
supesynchronous orbit: an orbit with a specific low radius of perigeBaathand a very high radius of apogee
extending up to the vicinity of the Sphere of Influence (SOI) ofMlo®n paiched with other trajectories. In the
MOBIUS mission scenario, ISS witts huge commercial potentiplays an important role as the platform of choice
for initiating lunar tourism. The elements of this architectun@ude the ISS, Clianar Cycler Orbital Vehicle
(COV), CislunarPropulsion System(CP9, Tourist Docking @psule(TDC), Lunar Transit Lounge (LTL) at L1,
Lander, and lunar surface facilitials of which will be explained in thiollowing sectiors.

In perigeerendezvougphase ofthe outboundtrip, the passengerreferably four passengers and two crew
departfrom the ISS and get tward the COWia TDC and start the three and a half day journey. During the apogee
rendezvouphasethe passengers access the LTL at L1thin next phasetourists canget orboard a lunar lander
that will let them access the lunar surface. Likewise, theund trip will also consist of thrgghasesn which the
passengerdde the ascent vehicle, return to LTL and eventually dock with G@VTDC which will return them
back to LEO and will be followed by an atmospheriengry. This scenario is cesffective, affordable, feasible
with current technologies, and potentially attractive to tourists. A phased incremental approach, in keeping with self
sustainable neenue stream, is suggested to fielding and evolving the elements of this lunar tourism architecture.
Employing the ISS as the nucleus for commercial space tourism has already proven demand and the return on
investment for a phased MOBIUS lunar tourism pobjis promising.

lll.  Mission Architecture Elements
In this section,all the majorelements othe proposed mission design architectare introduced

A. International Space Station(ISS)

The International Space Station (ISS) is the most comg
international scientific and engineering project in history a
the largest structure humans have ever put into space.
LEO orbiting satellite is anational laboratory for human
spaceflighthewtechnologies and an observation platform f
astronomical, environmental and gbgsicalresearch. As a
permanently occupied outpost in outer space, it serves |
steppingstone for further space exploration. This includ
Mars, which NASA is now stasis its goal for human space
exploration[Sharpe 2016

. - Figure 2. International Space  Statior
According to NASAadninistrator Charles Bolden, 202‘(|SS). ISS can be used as a commercial sta

is_thecurrent pr_oposed decomm_issiy)ear of ISSWhile ISS platform for sending the tourists to tidoon using
mlght so_ur_1d I|I§e a sweetacation spot f_or future SPaCtne MOBIUS architecture.

tourists, it § unlikely that MSA will let it linger up there.

The federal space agency daes have a warm ot in its heart for space junkIN COPUQOS report on Space
Debris recommends deorbitimgcommissioned facilities in LEO.[UN 1999%e ISS is more likely to get taken out
of space the same way it was put ugpeconstructed in a series of small trj®oat 201$. Considering the $100
billion cost for building ISS, such a destiawaiting|SS does not seem economically justifiabiéith the recent
installation of the InternationaDocking AdaptefiDA), discussions are ongoing to turn the facility over for
commercial useGerstenmaier 20184,iptak 2016] Commercializing itthrough MOBIUS projects one way to
guaranteethat such an investmenmtill not be wastedbut transformed into aelfsustaining revenue generating
facility, paving the way for a new way and a new century of space adkigyre 2]



B. Cislunar Orbital Vehicle (COV) e

Cislunar Cycling Orbital Vehicle (COV)is a cycler that
will carry the tourists from LEO to the proximity of tivdoon
on a weekly basidt comprises of the maioapsule Cislunar
Propulsion System and Tourist Docking Capda (see
subsequensections) Figure 3 shows the COV with TDC an
CPS attached to it.

Estimaes show that Ile total minimum crew
accommodation madser ECLSS required for this mission is
about 1400 kg for all passengeré& peoplg per day
Minimum caew accommodation volume required for thi
mission is 8.2037 f These estimations are based on t
valuespresented byNASA STD 3000, NASA HIDH 2014,
Larson 1991 These compare favorably with tl&elentano
curve[Cohen 2008] and tleairrentNASA Orion capsle and
the SpaceXCrew Dragon V2 being readied for service to ISS.

Addressingthese ECLSS requirementséncluding the recreational facilities, an interior design is depicted in
figure 4. As seenn this D schematic of COVdifferent main segments areonsideredor LSS such as kitchen
galley and storage, dining room, private compartmest well as asolar storm shelterto accommodate all
passengers and creduring possible hazardouanomalously largesolar particle event(ALSPE) and cosmic
radiation A telescope and unique EVAbirdcage arealso considered for passengéwmsexperience outer space
Command and control room is where the flight team mownéand contrad the spacecraftThe COV is offers a very
spacious hakdgtble volume.

Figure 3. Cislunar Orbital Vehicle
(COV). COV and the attached propulsion sys
along with TDC are seein this figure

2D schematic of COV interior design
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Figure 4. Interior of the Cislunar Cycler Orbiting Vehicle Salient features of thEOV for 4 passenge
and two crew.Inflatable habitat technology allows for a much more spacious @mdfortable interior that |
needed for longer missions with more passengers andsurpport.

The main capsule of COV is suggested to be made of inflatable technologies such as those used in the Bigelow
Expandable Activity Module (BEAMYf the Bigdow AerospaceCorp[Bigelow 2018. TheevolvedBA330 offers a
habitable volume 0830cumat 20MT and the ISS Destiny module offers I0n at 15MT. Both inflatables are
candidates for the MOBIUS architecture, and the smaller modulelé&zegbby the larger one as thgstem evolves
for more capacityThe initial structural mass estimatd the spacecraft is abo@0-25 metric tons The spacious
Bigelow BA330 is depicted in figure.
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Figure 5. Bigelow BA33Q Cutaway depiction of thgpacious330 cuminterior of aBigelow BA33
inflatable module irorbit. The BA33@vould make aice candidatefor the MOBIUS evolutiona
architecture[credit Bigelow Aerospace].

Let us consider the COV at LEO with an altitude of perigee of 2508emwill be explained in section IVradii
of apogee and perigee of the CTO have to be 300,000 km and 15,000 km respectively. Therefore, we can write:

a= MO 457,50km where a is the semimajor axis of tr@slunar transit orbi(CTO).

However, in order to imct theCOV assembly to the final orbitve need to use several Hohmann transfer
trajectories

1. Transfer from LEO to an elliptic orbit with radii of apogee and perigee of 15000 and 6628 (6378m250)
2. Circularize this orbit.
3. Transfer from the circularrbit with the radius of 15000 km to CTO.

Velocity of spacecraft at any position can be calculated by the following equation:

v:«/Z(%7 %1) 1)

Using "eq. (1)" for each of these trajectories yields the tetsl
of 4.4572 km/s. For a more imdepth evaluation of orbital
maneuvers, please sgghobotov 2002]

C. Cislunar Propulsion System(CPS)

Figure 6 shows the CAD design of CPS whisalill be used to
insert the COV to CTO as well & station keeping.

Equation 2 can be usddr calculatingthe total amount of
propellant that is needed to transfer the COV from LEO to CT'

ov Figure 6. Cislunar Propulsion Systen
M o= Ms(e'sp‘@o 1) (2) (CPS). The CAD desigrschematicof CPSthati

is used to insert the COV iis final orbit.



For the total se Vof 4.4572km/s which wasobtainedpreviouslyandan s, of 470 s,the totalpropellant masso
inject theCOV into the final orbitis 40.732 metric tons.This amount of propellant can be transferred to orbit in
multiple launchdeliveries. Of course, more efficient nucleapowered propulsion systeoan beevolved over time
which will obviate the need for such amountcbiemicalfuel. Other alternativespacepropulsion systems can also
be consideredUseful referencedor furthe studiesin this regardmay be found afChobotov 2002, Turner 2005,
Cornelise 1979, Brown 1996, Sutton 1992, Wertz 198d, Batel971]

D. Tourist Docking Capsule (TDC)

Figure 7 illustrates the TDC which is responsible fc
transferring the tourists from LEO to COV during the perig
encounter phaselhe maximum number of people that it ce
carry is four It will depart from ISS andperform the plane
change while on its Hohmann or etangent burn trajectory. It
uses an impulsive chemical propulsion system that puts
capsule on its way tdock withCOV on a mission duration thaf
will last several hours. TDC has to be protected empugh
shielding againsthe energetic charged particles at van All¢
radiation belt andSPEsas it passes through the inner region
magnetosphere beyond the radiud@®0 km.

TDC performs the rendezvous maneuver when COV is atFigure 7. Tourist Docking Capsule
perigee of CTO. The eails ofall mission operations will be(TDC). CAD design of TDC which will ta
explained in section IVThe TDC design is based on the NAStourists from 1SS to COV.

Orion and the Spa&ecrew Dragon capsules.

E. Lunar Transit Lounge (LTL)

LTL will be located at L1Lagrange pointvhere it can remain
stationaryat a specific distance betwe&marth and Moon. This
lunar orbital hotel will be used as the arrival pfant tourists in
the proximity ofMoonand a platform for lunar descead well as
a departure portAs seen in the CAD desigmhich is presented
in figure 8, LTL has atrtificial gravity facilities to makeisitors
feel i avthile providiagdthem with an incredible luna|
view from a close rangeEvery arriving group of passengers wi
stay one week in LTL a portion of which will be spent on lun
surface. The arriving TDC will dock with LTL during its apoge
encounter and transfer the new crew. The previous TDC will

up the previouscrew and leave LTL to dock with COwnd Figure 8. Lunar  Transit  Lounge
initiate the inbound trip (LTL). LTL will be located at L1 point al

used as entry and departure péo theMoon

F. Lander _
The NASA Altair lander may be use a reference for this ¥ - a

mission[NASA 2010]though much smaller systems like the ot LY I

proposed by Golden Spikfrate 2012]are considered more

viable for early stage MOBIUS operations. The lander

configured for descent and ascent only, with EVA and ro

systems augmented as the architecture esolMéhile early =

operations are intended to be via visual flight rules, extending

fully automated instrumental flight rules over time, taader

will also have amarual override function that would allow the J

pilot anabort capability in case of an andgaA mission may '

also be reconfigured to access alternative landing sites as v

Figure 9 shows a CAD design of a lander developed {1

MOBIUS mission.

Figure 9. MOBIUS Lander. Lande
can carry 4 people to the surkacand retur
them back to LTL.



G. Lunar surface facilities

The first phase of MOBIUS lunar landingse envisioned as touotwin only missionsCrew and passengers are
expected to stay in the cabin and enjoy the vigdter a brief stay, the vehicle will ascent back to lunar orbit to
dock with the orbiting facility andthen on to rendezvous with the cislunar cycler at the apogee of the
supersynchronous MOBIUS cycler for inbound flight back Barth In later phases, as a permanent lunar
infrastructure emerges from various cargo sorties intended to develop facilities Nkeeaele landing pad,
habitats, roads and uninterrupted and reliable power and utilities, we expect the landing missions to include stays of
several days and activities like EVA and tours on long distance rovers to sites that include the historic Apollo 11
landing site at the Sea of Tranquility and visits to other spacecsifice such sites are historically significant,
extreme caution is desired to preserve the integrity ofitbesd surrounding environmejthangavelu eal 2012]
Over time we expedhatthe logistics of the MOBIUS architecture will allow scientists to set up facilities all over
the lunar globe and
service them, while
increasing number of
paying  passengers
help to sustain and
maintain the
evolution of
MOBIUS [figure 10].

In addition,
ELVIS (Elevated
Lunar Viewing and
Information System
is such a concept
proposed in the USC}
School of §
Architecture that

allowg the V'S'to.r o Figure 10. ‘ Cable car systemIn later phase of MOBIUS, A cable caysfem wit
experience the site of : . X ! : N .
hol ographic projection sywwtdemtiusb®roi

humani tyorsy "o a8 the hist or[Credit/Sbarpe USC Athitdcture 2012]
landing without

perturbing itfFigure 11].
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Figure 11. ELVIS. Crew stationed at ELVIS take visitors on ardepth information and technology tc
aided by holographipr oj ecti on of hi st or i c.[@edi& R Shalpé USE Arghitectsre



IV. Methodology

A. Cislunar Transit Orbit (CTO)

The most importantelement of  teensincinaton=227162
MOBIUS mission structureis the
CTO and how the spacecraf
commutes between thHearthand the
Moon. As mentioned earlier, hts
nominal trajectory is a specific
cycling, cislunar, supesynchronous
orbit with a low radius of perigee at
Earth and a very high radius of
apogee extending up to thecinity
of the SOI of the Moon. Figure12 is N e e e T Veral equinox
generatedni MATLAB to simulate
this orbit. Considering the lunar
orbital period (~28 days) and the
necessity of each of the four COV
circling the Earth in the quartetof
orbits (seefigure 12) to pass the L1
Lagrangian pointevery four weeks, re=15120m
the choice of semimajor axis
RAAN, AOP, ROP,andROA has to
be made carefully to meet the

mission requirements ancrigure 12. CTO and lunar orbit. This figure shows CTO (red) a

accommodate  the  optimizationynar orhit (black) and the location of COV (green) with reference to v
constraints.The results of the math gquinox.

modeling and the simulations
conductedin STK and MATLAB show that the proposed configuratiovould generatea favorable, optimal
outcome.
Figure13 shows an edgen illustration of MOBIUS supersynchronous CTO. As seen in the configuration, there
is a 28.1 degreed difference in the inclinton of theMoonandthat of the ISS Cal cul at i onvsof i ndi cat
2.98 km/s is required for thEDC, which is launched from IS$o performthe rendezvous maneuvg@ane change)

Sun's true lalitude = 282 8797 ° \ Moon's true latitude= 109.354% ©

Ra=299880 km
Towards the Sun

Edge-on illustration of MOBIUS Cislunar Transit Orbit (CTO)

Rp = 15,000 km

Ra = 300,000 km

Ai= 28.120 deg.

Av =2.98 km/s required for plane change

28.1°

23.44 % ‘ perigee E‘C'Cﬂf’ cis-lunar bus(cov)

apogee

i X % , e
; 8 ’
i *j , super-synchronous orbit

(moon coplanar)
moon landing trajectory

transit hotel

; ’ earth equator

7|SS orbit

not to scale

Figure 13. Edge-on illustration of MOBIUS CTO. This figure shows Cislunar Transit Orb€T0O) andIS<
orbit and the location of COV with referenceBarth equator.

with COV at perigee with the radius of about 15,000 km
The followingissueshave to be taken into consideration:
1 Moonis atnearly363,104 km aits perigee and 405,696 km at apogee
1 CTO'slow radius of perigeeRp, should be at least 15,000 km to ensure that the COV altnayels
outside the Van Allen radiation belt.



1 The wery high radius of apogeRa, should be about 300,000 kextending up to theicinity of Moon
and the proximity of L1.

The Ra should not fall in the3 of theMoon (66100 km) noshouldRp crossvan Allen belt

The COV shouldpassthe L1 Lagrange poinby about 6000 km distancar more depending on the
CTO's semimajor axis

=a =4

B. Mission Trajectory Design

Since the orbital period of the selected orbit is about one week, the half period, i.e., the time that it takes for the
COV to travel from perigee to apoge
is 3.5 days. Letis consider the missio
architecture illustrated in figureld.
Ideally, from anequatorial planethere
are four supersynchronous orbif
extended to the vicinity of th&loon
with 90 degrees of difference in RAA
from each otheduring a typical lunar
orbital period Now consider the orbit : <4
on the left side where the COV is at i supersy:cmonou“"
perigeeanddocks with TDC to pick up
the passengers who departéthrth
orbit. It will take 3.5 days for the COV
to reach the apogee and that's the ti
the Moon also gets closest to this poi
and the right time to deliver passenge|
via TDC from COV to LTL which is
located at L1 The tourists then will
have the cha_nce to land on the_surfaFigure 14, MOBIUS
of theMoon via Lander after staying in
LTL and enjoying the lunar sight from
LLO. One week later when thgoon
reaches the apogee of the next

Mission  supersynchronous  cyclini
trajectory architecture. A quartet of spacecraft in supersynchror
orbits which will transfer tourists to the LLO on a weekly basis.

supersynchronous orbit, anethCOV cycling Moon

this orbit will transfer the new tourists to LTL

and picks up the previowmeswho arrived one landing trajectory gt =3 ascent trajectory
week earlier. This cycle will be repeated wit

two other orbis which allowcontinuais transfer L1

of tourists to théMloon on a weekly basidNote apogee final orbit
that for departures from IS8 its current plane
and inclination the precession of the ISS plan
about the Earth allows for only three such
supersynchronous  orbital rendezvous
opportunities.The details of MOBIUS mission
design and the related simulationand

calculations ar@resented in the next sections. inner Van Allen radjation belt ===

transfer orbits

% atig==3 COV (lunar bus)

C. Deployment of dslunar Orbital Vehicle inbound
The COV stack is built up in LEOThe

deploymentof COV to the final orbit (CTO)

should be urcrewed and performed througl

severalspiraling transfer orbits as depicted in

figure 15. Multiple burns at perigee during eac _, , .
pass would elongate the radius of apogF|gure 15. Deployment of COV to final orbit. COV

ultimately and extend itto the vicinity of the should be deployed to the final orbit (CTO) through a seri
Moon. A total sV of 4.4572 km/s in spiraling orbits prior to carrying the passengers. Multiple bt
incremental maneuvers to avoid structurdt perigee during each pass would elongate the radius of a

damage and ensure a snfotansfer process, aNd extend it to the vicinity of tidoon

outbound

outer Van Allen radiation belt

perigee



D. Rendezvousat Perigee

Outbound tourist and logistics transfers to COV occur duiaghperigee rendezvou3he TDC departérom
the ISS on a ontangent burn or Hohmann transfer trajectory to rendezvous with COV while performing the plane
change maneuver. The choice of tt
type of transfer method depends on tl
TDC's propulsion system's ability tc
generate the required velocity chang
as the former needs higher retrograu
&/ during docking phase than th
latter does.Figure B shows such a
maneuver for a possible oit@ngent inbound
burn trajectory transferring passenge
from 1SS to COV. A similar maneuvel Cislunar Orbital Vehicle "N
is also performedy the TDCduring )
the inbound trip as COV approache
the Earth perigee in which the TDC
undocks from COV, does the plan
change to align with ISS orbit, antFigure 16. COV rendezvousat perigee. Configuration of CO\
finally docks with ISSusing any of the LEO, and CTO and the related patched trajectories duringEanth
abovementioned available transfeperigee encounter is illustrated in this figure.
methods or directly goes for
atmospheric rentry without performing the plane change depending on the passengers' ddtischnically
feasible, it is suggested that, after ISS estient and its availability for commercial use, its orbit be changed to
become coplanar with that of thdoon to eliminate thenecessity forplane change maneuver which will
dramatically decrease fuel and tankage needed for plane change athch$ticallycut down on the mission costs.

Figures T-20 depict diferent stages of this phase. The CAD illustrations are designed in Google Sketchup
software. Figure 2 shows the TDC as it has just started the transfer of passeéode®@®V during Hohmann or one
tangent burn maneuvers as the COV gets clodeatth during the perigee encounter phase. Remember that this
transfer trajectory involves the plane change maneuver as well. Figsheows the caption of the flight simulation
where TDC is in the midvay towards the COV. ISS, TDC, and COV are seen in thegbagkd. Figure @ shows
the TDC as it has come <c¢l ose tVdhurrt®algnaswvdocity sectpr aiththatr mi n g
of the COV and dock with it. Figure Zhows the last stage of this phase where TDC has docked with COV and the

outbound

Tourist Docking Capsule
(TDC)

perigee

Figure 17. TDC departure from ISS. TDC has just departed from the ISS carrying 4 passengers to Cf
either onetangent burn or Hohmann transfer methods during the COV's perigee encounter.



whole complex is ready fo€LI/TLI burn.

, _

Figure 18. Tourist Docking CapsulgTDC) departure from ISS. TDC is shown on its way to dock with CO"
Earth perigee.

Figure 19. Tourist Docking Capsule(TDC)rendezvous with COV. TDC is performing the rendezvous mane
during the COV'€arth perigee encounter.



Figure 20. COV ready for CLI/TLI burn. TDC has docked with COV and tourists +
boarded the spacecraft. It's on its three and a half day journey towards lunar apogee close to LTL.

E. Rendezous at Apogee

In this of phaseof operations of
outbound trip, the COV approache
the vicinity of L1 Lagrange point
wheretheLTL is located and to which
passengers are transferreallowing
them to appreciate thieloon at close
range.LTL will be at least 6000 km
away from the designated apoge
point due to the distance differenc
between L1 and the lunar SOAs
depicted in figure21, dter about 3.5
days journey, the TDC, which dked
with COV at perigee, remains attache
to it until it gets close to CTO's apoge
where it undocks from COV
transferring the passengers to LTL
Since the COV's velocity is rathe
small at CTO's apogee, a muc
smalleraV is needed for docking anc
undocking maneuveiaccording to the
calculationsand STK simulationsThe
only choice for this trajectoris one
tangent burn due to astrodynamic
limitations. On the other hand, th
previous tourists already at LTL will

departfrom the lounge via the TDCrjg e 21, COV rendezvous at apogee. COV transfers tt
and dock with COV during thepaqsengers to the LTL via TDC while passing bylLthend picks up tt
inbound phase. Both the outbound atyevious ones on its way for the inbound trip.



