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ABSTRACT

The farside gravity field of the Moon has so faemhénferred through model-fitting based on Eartleslations of
farside entry and exit points of past lunar orlsiterhe gravity model of the farside - currentlyobi0 times less
precise than the near-side model - could be refaguificantly if two low-altitude satellites wete measure relative
range rate while traveling over the far side of Meon. This is the basis of the Lunette missioripw&-cost
approach to high resolution lunar gravity mappihgotigh the use of nanosatellite technology. Lunk#te been
selected as a payload for the European Student Mabiter (ESMO). The Space Flight Laboratory (SHigs
recently completed a Phase A study. The Lunetteemt is a 9 kg payload, including a “nanosa&glithat will
separate from ESMO in Lunar orbit, a XPOD sepanasigstem, and a radio-tracking payload that withae on the
parent satellite. The nanosatellite will includerapulsion system with a 100mAY/ capability, along with a high-
performance attitude control system. The main sdieraim of the Lunette mission will be accomplgh by
measuring the relative speed between ESMO and teurteteliminary analysis suggests that using diighbdified
SFL technology in a 100km circular orbit can agki@full-globe precision of at least 20mGal, comparable to the
near-side quality of the “LP75G” map. A reliabléolgal map of this precision would be a major sdfent
accomplishment.

INTRODUCTION map had to be inferred from the motion of the $itel

The Lunette Space Mission was conceptualized by DS It entered_ and eX|ted_ the far .S'de of the Mdamce
Jafar Arkani-Hamed (PI), Dr. Kieran A. Carroll and the processing of the information was complete, the

Henry Spencer. Lunette is realized through theresult was a farside gravity map 5 to 10 times less

involvement of the Space Flight Laboratory (SFL) accurate than the near side.

foundgd _and_ managed by Dr. Robert E. de. Thegjoal The Lunette mission hopes to improve the knowledge
the mission is to create a full-sphere gravity roaghe of the Moon’s gravity field by creating a full-gleb

Moon of the same precision as the current near's'déravity map as precise as the near-side map. Titis w

map. Currently, the standard used for lunar orbi e accompli : :
TR . ,, . plished by supplementing tracking data
planning is the "LP75G" map which was releasedhat t obtained from Earth with intersatellite range reega.

end of the Lunar Prospector’'s mission which laudche : : : ; :
on January 6 in 1998. The reason for the discrqpancA pair of satellites will orbit the Moon and thelative

. . . range rate of the satellites will be measured tugh
between the near- and farside precision of theityrav degree of precision (1 mm/s) to generate of a full
map arises from the method used to generate tlee da phere gravity field map
Lunar Prospector employed Earth-based tracking in '
order to measure its orbit's perturbations duehe t Tpe European Student Moon Orbiter (ESMO), being
influence of the Moon’s gravity. When the satelkitas designed by the Student Space Exploration and

passing on the near side, the tracking was unimi&d  Technology Initiative (SSETI) through the help and
and quite accurate. However, the entire farsideigra
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guidance of the European Space Agency's (ESA}hat is ejected from ESMO using a SFL-developed
Education Department, has chosen Lunette as oite of XPOD separation system. The nanosatellite willudel
primary payloads. The other payload selected fer tha propulsion system, with a 100m/sV capability,
ESMO mission is a Narrow-Angle Camera (NAC) along with a high-performance attitude control eyst
which will take high resolution pictures of the &uin  with <3 arc-minute pointing stability. The propulsi
surface for public relations reason. ESMO will oty  system provides active formation flying, increasthg
serve as the second satellite with which to perfornorbital life of the nanosatellite and permittingeahtions
range rate tracking but will also carry the Lunetteto its orbit to increase science return. The atétu
Mission Package from Earth to Moon. Currently, thecontrol system permits accurate maneuvers and

mission is scheduled to launch in 2011. prevents contamination of the range-rate data by
. satellite rotations. The main scientific aim of the
The Space Flight L aboratory Lunette mission will be accomplished by collectihg

Established in 1998, SFL has a full-time staff offélative speed between ESMO and the deployed

professionals in addition to design, assembly, st nNanosatellite. To this end, Lunette will carry a
facilities to develop low-cost spacecraft. In treme communications suite, the core of which will be $n
year it was founded, SFL was contracted to build anPand coherent radio transponder.

test four of six critical subsystems for the MOST . .
(Microvariability —and  Oscillations of  Stars) The second component will be the stay-behind

microsatellite. These included the structural, rifedr electronic package housed on ESMO. It will consist

computer and communications systems. SFL alsérac:qng l_)re;]ac%n, a re(_:”elzler, a_?d f‘ rke_turn-;s|gnal
played a major role in the integration of the diggl analyzer. -1he beacon will transmit a tracking signa

launch and commissioning Development effortsWhiCh the transponder on the nanosatellite wilkree,

culminated in a successful launch of Canada’s firsfd re-transmit. The re-transmitted signal will be
space telescope at 14:15 UTC on thd 30 June in received and analyzed to measure the 2-way Doppler
2003 shift, from which the range rate between the two

satellites can be inferred. In order to accomplish to

In 2001, the Canadian Advance Nanospace eXperimefff€ level of accuracy necessary, an Ultra-Stable
(CanX) was founded to further enhance SFL’s regearcOscillator (USO) will be required on the stay-behin
and educational offerings. The program engagesl smapackage. The stay-behind electronics package sill a
teams of graduate students, under the mentorirtgeof S€rve as the sole link between ESMO and the Lunette
UTIAS/SFL staff, to build their own satellite inge ~Package in order to simplify the interface requieets
than two years. Currently, the CanX group is of satellites being designed in separate countries.

developing four missions. CanX-2, scheduled to ¢aun The last mai t will be th i
n lete 2007, 1s a 10x10:3dom satelic designed 1 8% TR ComPonert vl be e Separeicns
demonstrate technologies which will be employed Onourney o the Moon. It will then separate Luné

future CanX missions. CanX-2 also carries Canadia SMO i der to beain the L Gravity Maopi
Science experiments from across the country. CanX-37 ", In _order to beégin the Lunar Lravity Mapping
mission. The separation system will need to ses/a a

(also known as BRITE Constellation) is a set ofrfou . .
space telescopes with a mission similar, butprot_ectlve enclosure for thermal, structural ardlation
complementary,to MOST. The constellation will environments.
photometrically observe_the most Iqmlnous starthn THE LUNETTE MISSION
galaxy . CanX-4&5 is a precision autonomous
formation-flying mission which uses two nanosateli  The Lunette mission is a low-cost, portable gravity
to demonstrate the feasibility of such a missionato mapping mission designed at SFL to create high
level of precision that has never been achievedrbef resolution full-globe gravity maps of high precisio
Lastly, AISSat-1 is another mission under developme The Lunette Mission package will be carried by ESMO
at SFL which will study the use of satellites tack to the Moon and will employ the microsatellite &® t
ships in Norwegian territorial waters. second data-gathering satellite in order to fulfile
mission.

The Lunette Mission Package

The Lunette Mission Package consists of three maju-:rhe Gravity Field

components. The first of these is the Lunette $tatel Many practical methods of observation such as
(sometimes also referred to as simply “LunetteThis ~ photography, altimetry, and radar imaging, are only
satellite is in large part based on the Genericapable of studying a thin layer at the surfacehef
Nanosatellite Bus (GNB) technology that was planet. Even using gamma-ray or neutron spectrgscop
developed at SFL. The satellite is a 6.5 kg, 20aimec  Will only allow the study of the first few metersider
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the surface. Meanwhile, studying the gravity fieth  The timing of the separation is important to endhed
yield information on subsurface features rangirgmr Lunette will have enough time to perform the gravit
shallow depths to the core-mantle boundary. mapping mission without encountering any prolonged
eclipse periods. The entire mission should take
The gravity field of the Moon is in fact quite difent approximately 4 months and eclipse periods are
than the Earth’s. While the Earth’s gravity field i normally six months apart. If an eclipse occurs the

relatively smooth and uniform, the lunar gravitgléi is  survival of the nanosatellite cannot be guaranteed.
irregular with spatial variations in strength dwethe

presence of mass concentrations (“mascons”). It is
believed these mascons arise from different geology
present beneath the surface of the Moon and they
appear to be concentrated in shallow basins thabea ) 100 km
seen on the surface. There is hope that the kngeleti Circular Polar
a precise gravity field will yield information reghng Orbit
the nature of the mascons on the Moon.

100 km
Along-Track
Separation
Distance

Additionally, a precise, full-globe gravity map ids
many benefits for future lunar missions. Local dmav
maps are useful for manned exploration and carsed u
to locate subsurface mineral deposits for mining
operations. Mission planning will be greatly enheshc
as gravitationally-induced orbital perturbationsnca
cause a spacecraft to waste precious fuel on brbita
maintenance. Errors due to gravitational pertudvesti
contributed to Apollo 11 overshooting its landinites
on the Moon. Precise lunar landings will be madseza
with the use of a full-sphere precise gravity map.

Lunette Science& Mission Profile Figure 1: Optimal Lunette-ESM O Or bit

The Lunette science is unique in that it will becam

the first to employ a nanosatellite to gather ddfien

data from around the Moon. Furthermore, the inolusi Once separated in the along-track orbit, Lunettd an

of a lightweight, inexpensive deployable satellite ESMO would proceed to drift apart to a distanc& @@

system is a portable concept that could be useangn km. The chosen orbital path would fully cover the

lunar orbiter yielding a large return for little sto Moon’s surface in about 14 days, resulting in tHrde
sphere maps in the along-track orbit by the enthef

The course of the entire Lunette mission will ocover  minimum mission. The equatorial cross-track spacihg

several stages. The profile of the mission is hdpegb  each map will be roughly 30km, with each subsequent

according to the following sequence. The missionmap having a 10km cross-track offset from the mesi

begins with Lunette contained within its Separationmap at the equatoria| Crossing_ In order to mingtie
system aboard ESMO for the launch. After launch,mpact of the satellites’ orbital corrections o tttata,

ESMO would be inserted into a transfer orbit aroundmaneuvers will be performed once a week and will

Earth and would proceed to the Moon under its owrpccur over the poles of the Moon, where most of the
propulsion system. Currently, ESMO is still considg  overlap data will occur. Once the minimum missien i
two propulsion system options: one chemical, On&omplete, a plane change of 1 degree would be
electrical. The choice of propulsion system wileatly  performed in order to provide another three fulhere
affect the travel time to the Moon. ESMO would like  maps that are slightly offset from the first thrdéis

enter an elliptical capture orbit around the MoBrom  would enable verification of the data, and provile
this Orbit, the NAC will be able to take piCtureStbe better qua“ty gravity map.

surface of the Moon. Optimally, ESMO would then

perform an orbit alteration maneuver and be able tovission Requirements

release Lunette in a 100km Circular Polar Orbite Th

separation would need to occur following a lunarThe mission goal is to provide a full-sphere mayhef

eclipse. gravity field of the Moon of the same accuracy fae t
current near-side map. Currently, the LP75G map has
an accuracy of about 20mGal. In order to accomyitgsh
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goal, the Lunette mission package will require anumber of S-band patch antennas between ESMO and

propulsion system capable of 100m/s Delta V. Itl wil

Lunette in order to remain in constant communicatio

require a suite of ADCS sensors and actuators and Bo begin with, the range of the satellites need®do
communications package on both the nanosatelliteletermined through the use of the communications
Lunette and on the parent satellite ESMO. The powesystems on ESMO and Lunette. The position of the
system will be needed to provide enough energy taatellites is important in order to place the mapttee
power all subsystems and the thermal system will bsurface of the Moon upon completion of the mission.

required
temperatures.

Specific to Lunette, some of the mission requiret:ien
were listed to provide an overview of the condisidhat
drove the design of the mission package.

Selected L unette Satellite Requirements

Propulsion » 100 m/s Delta V
* Thrustdyonce per week
« Shall suppeldvmentum
dumping
ADCS « 3-axis stabilized

 Accuracy of 1°
« Stability of 0.008 °/s

» Communicate with E3M
in any orientation

* Measuaage-rate peak to
peak signature to
1 mm/s sensitivity

Communications

Table 1: Selected Lunette Satellite Requirements

Due to power limitations, the satellite will haveveral
operational modes during the course of this misgioa

to keep everything within operational ESMO can be tracked directly from Earth with a high

degree of precision, but Lunette must obtain itsitpm
in relation to ESMO.

The stay-behind electronic package on ESMO wildsen
out a specific bit sequence which is recognizedhey
Lunette hardware. It should operate similar taecthde

so that the signal is not required to pass throaigih
software on Lunette, but rather be detected by the
hardware and repeated directly back to ESMO. This
will minimize time spent on Lunette by the carrir

the bit signal. The ranging bit sequence is detkbiea
ranging command detector located on the receiviee. T
detector sends a signal directly to the FPGA on the
transmitter which halts its current job to send the
ranging bit sequence to the analyzer. By bypassiag
on-board computer and software, the delay of the
hardware turn-around time can be predicted more
precisely than the delays of the software turn-adou
By completing the turn-around action using the
hardware, the turn-around time is consistent are th
analyzer can time the round trip of the bit seqeeBy
subtracting the turn-around time on the satellite
distance can then be calculated.

The range-rate calculation must be derived by
measuring the Doppler shift caused by relative omoti

most important of which will be the data-gatheringon a carrier transmitted by ESMO which is in tuemts

mode. This is the time when Lunette will be in dans

back by Lunette. As seen in the block diagramahlst

communication with ESMO, capturing the range ratecarrier at a given frequendyis generated from ESMO

data between the two satellites. In order to mbet t

and is sent out in a forward link to Lunette. Aecent

signal-to-noise requirement as well as reduce th&ransponder on Lunette is used to send the caraiek
necessary power for this mode, Lunette’s antenriths w at a different frequency, after imposing a frequency

need to be ‘aimed’ at ESMO.

shift to avoid cross talk between the transmitted a
received signals on ESMO. In the ESMO receives, th

When in operation, the star tracker will be used toreturn link signal is subtracted from a locally geated
provide constant position updates to the Lunettaeference wave at frequentyso that the Doppler shift

satellite. Certain scenarios will require the Lueet
satellite to spin in order to ensure a clear vidvhe
stars for the star tracker, as both the sun andutter

fp is detected. The resulting oscillation incorpesat
zero crossings at frequendy to be used to drive a
counter that computes the time in a number of gesrio

surface can occlude enough of the view to prevent af the driving oscillation. Ultimately, the countat the

lock.

Generating the Gravity Map

In order to generate a precise gravity map of tloeiy
the range rate of the two satellites must be trdi¢kea

end of a 10 second observation window is propoalion
to the inverse of the Doppler frequendy, which
includes the Doppler shift on the uplink as wellths
downlink paths. From the resultiffig value, the range-
rate Av can be derived. The Doppler frequenigy,can
then be calculated using the following formula.

high degree of precision. The system will employ a

Larouche 4

58" International Astronautical Congress
Small Satellite Missions Symposium



A
ESMO Analyzer —
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Counter Start/Stop
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Lunette

Transponder

Frequency
Divider

Figure 2: Range Rate Architecture

fp = flAV{2+&}
Mc c

Equation 1: Range Rate Calculation

Where,

f, = Frequency of signal from ESMO to Lunette
f, = Frequency of signal from ESMO to Lunette

fo = Total observed Doppler Shift

M = fi/f, = Turn around ratio

Av = Relative velocity of ESMO with respect to

Lunette, in m/s
¢ = Speed of light 2.998x16 nvs

Once the relative range-rate is known, the graviogel

can be inferred. A local sensitivity model can lsedito ) =S _ -
signaturdanosatellites. The rails fit into their countetparthe

illustrate the peak-to-peak range-rate

from a given peak surface anomaly. Assuming a 20
mGal peak surface anomaly caused by a subsurface
mascon, a satellite ground track passing directigr o
the anomaly, a flat Moon (a reasonable rough
assumption while the lunar radius is much larganth
the separation distance between the satellites)rlzital
altitude of 100km, and an along-track separation of
100km, the observable peak-to-peak range-rate
signature is shown next.

03

Range-rate (mm/s)
(m ]

-1000 -500 0 500 1000

Horizontal distance of leading satellite from mascon (km)

Figure 3: Range-rate signature of a 20 mGal peak
surface anomaly, observed by two spacecraft at
100km altitude, with an along-track separation
of 100km

THE LUNETTE PAYLOAD PACKAGE

The Structure

As was previously mentioned in the introductiong th
Lunette satellite structure inherited a lot of dssign
from the Generic Nanosatellite Bus which was
developed at Space Flight Laboratory. Some of the
differences include the use of a central tray rathan a
dual tray system. Additionally, the structure nekde

be increased from 20cm to a 25cm cubic form fator
accommodate more solar cells. The components of the
Lunette satellite were designed largely with mass
minimization in mind when possible, as meeting our
mass restrictions was a high priority in the eadgign
stage. The exterior layout was in large part tiseilteof
power requirements which stemmed from the neeato b
in constant communication with ESMO using the S-
band patch antennas.

The quad rail system is a common design for

observable using satellite-to-satellite radio tiagk deployment system and prevent the satellite fromgpe

Larouche
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destroyed by the forces during launch. The rails arrequirement of the propulsion system, a large taadt
directly connected to the central tray and the pisipn  to be selected. As the fuel is consumed during the
tank, allowing them to carry the majority of theatts  course of the mission, the centre of mass of thgeen
due to acceleration at launch. The panels and thsatellite will also be modified which may cause an
remaining components are mounted to the centrgl traincrease in inaccuracies for the attitude detertiina
and rails. The quad-canted monopole antennas will band control system. In order to minimize the efethe
pre-deployed which limits the risk inherent to tank is centrally located in the satellite. Theebdé
deployment. The antennas will be oriented towahds t will also possess three reaction wheels, oriemethe
door which will contain cut-outs to prevent theeamtas  three axes which will allow for pointing of the shite
from affecting the closing and opening motion oé th during the data-gathering phases of the missiore Th
door. momentum dumping and orbital maneuvers will employ
the four thrusters located on one face of the Igatel
Launch rails The computer boards were located on the face of the
satellite which was accessible to the test port.
Communications volume allotment was located in a
corner which had reasonable access to the exterior
antennas in the hopes of minimizing wiring diffices.
The propulsion volume allotment is rather largeider
to accommodate all of the piping and secondary
volumes and also to allow access to the nozzles.

On Board

Reaction Wheels >~ Computers (2)
©) R o

Battery

Tray

Propulsion
S-Band Patch Volume

Antennas (2) Allotment " Star Tracker
Test Port Communications

Volume

Allotment

Star Tracker
Figure5: Internal Satellite View

Figure 4: External Satellite Views . .
The stay behind electronic package serves as a

connection point between ESMO and Lunette. All of

the power, communications and interfaces will pass

The S-Band patch antennas will be pointing tO\N"j}rd%hrough the stay-behind package. It will consist tfoe
ESMO in o_rder to reduce the amount of power require most part of a communications package that will enak
to communicate. The star tracker needed to be ghlawe the gravity-mapping mission possible. The main
a face perpendicular to the antennas in order fmette component of this will be the Ultra Stable Oscilat
to be able to rotate and see enough stars to ohtain(uso) The USO is an extreme version of a basic
lock. T?e”querl]d-canted monopolfe ante;]nnas W'"”_pmv'd crystal oscillator providing a very precise freqogn
near Iufl-sp e_reh Eg?\)/ga?ﬁ or the _"sate 'Le ©This will allow for detailed measurements of thage-
communicate with E - The test port will not o by rate between the satellites which will in turn pdevthe
used for testing during assembly but will also seag gravity field data

the link between Lunette and the stay-behind edeatr '
package while Lunette is stored in ESMO.

The internal layout of the satellite began with the
central tank design. In order to meet the 100mitadé
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Thermal Design and Control coatings, while the door will isolate the satellftem
the cold of space.

In keeping with common practice for nanosatellitbes,
thermal controls were to be kept mostly passivas Th The dimensioning of the rails and the satelliteicttire
reduces the possibility of a malfunction and theref is a highly toleranced system as slight manufaaturi
reduces risks, and additionally reduces compleaitg  defaults could result in a satellite that doesfitatithin
power consumption. However, the thermal desigmeft the deployer or in a deployer that does not supiert
Lunette satellite still provided numerous challenge structure sufficiently.
even for a phase-A study.

The Communications Subsystem

The requirements imposed on the satellite desigm fr

the subsystems required a large amount of powbeto The communications system is essentially the nmssio
generated in numerous operational scenarios. Tdreref payload for Lunette. The architecture of the system
a large percentage of the faces of the satellitee we employs an S-band link between the two satelliteer a
covered in solar cells to meet the requirementshén  they have separated. During the voyage to the Moon,
hopes of keeping the thermal controls passivefitee the satellites communicate via the stay-behind
step in the design was to select appropriate qgmtind  electronics package. All communications to EartH wi
tapes for the portions of the exterior surface g t be relayed through ESMO although there is a pdigibi
satellite which were not covered in solar cellssitaple  in case of emergencies to directly contact Lunette.
thermal model was created and it was realized early

that the satellite would not be able to survive @rsi U".;egu'ftf?j
case eclipse scenario. However, these eclipses on o
occur once every six months, and while Lunette sstay i Sl T a
within ESMO there would be no survival problems. prcn s Beacon, Receiver, | —

iti icgj i c Asynchronous | @nd Return Signa
Therefore, an additional mission requirement was o il 300 s Enalyeat

placed that Lunette was to separate from ESMO anly
an eclipse-friendly time which would ensure enough t
time for commissioning of Lunette and the completio ! Earth Link, command and Regulatod Power
i
b 4

Unregulated or

of the mission. Telemetry toffrom Lunette

Lunette
Separation
System

$-band Link

Following the selection of passive controls for the
mission, the addition of trim heaters was foundb&o
necessary in order to keep the battery temperature
within the operational specifications. Furthermattee
battery was thermally decoupled from the surrougdin

Lunette Separating <+
Sub-satellite with
coherent S-band

panels of the satellite as the temperature chamgesd Transponer
unfavourable.
The Separation System Figure 6: Communications Ar chitecture

The design of the separation system for the Lunette
mission is based largely on the XPOD (eXperimenta
Push Out Deployer) systems currently being used b;y
SFL and other small satellite builders. The depldge
in essence a jack-in-the-box system which usesge la
spring to eject the satellite. While contained wittthe
satellite is shielded from radiation by a 5 mm khic
aluminum door and supported on all rails. The duoat
push plate allow the structure to exert a prelaathé
satellite if desired in order to help minimize the
possibility of impact loads during launch.

he communications system also proved to be the
argest power consumer of the satellite. In openati
modes, the communications system will draw over 3.7
W of power. In comparison, the remainder of the
satellite (computer, ADCS, thermal) requires onlg 1
W of power.

The S-band patch antennas selected for this mission
were developed within SFL and will be flown on the
demonstration mission CanX-2 in late 2007.

Additionally, the Lunette separation system wilhae
as a thermal control measure for the satellite eviils

inside ESMO. The inside of the separatic_)n systeth wi p large part of the computer system and architectur
thermally connect Lunette and ESMO with the use ofjj| he derived from the current CanX mission being

developed at SFL. The computer system on the Leinett

The Computer Subsystem
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satellite will be a centralized architecture. This in 2007 and will also be included in the GNB migsio
chosen in order to increase the reliability of dystem.  CanX-3 (also known as BRITE) and in the CanX-4/-5
Should one interface fail, other interfaces andesys  formation flying mission. The 4 nozzle design oéth
will not be affected. propulsion system will be used to dump built-up
momentum from the reaction wheels whenever
The onboard computer (OBC) will require EPROM for possible. This will be performed by negative pusof
storage of the bootloader software which will be th the quad thruster system. In order to minimize the
default software that runs on Lunette. This will becontamination of the data with propulsion inputse t
highly simplified and thoroughly tested software in thrusts will be performed only once a week. Thidl wi
order to ensure a bug-free environment in whichcoincide with the orbital maintenance maneuvers and

Lunette will be able to operate. Data transfer w#l  will occur over the poles of the Moon, where thige
routed through ESMO's high gain transmission systemhe most overlap in data.

and is expected to see no more than 73.125 kBjie/or
Typical Earth-based ADCS missions often include the

In order to mitigate errors cause by single eveset®y use of a magnetometer and magnetorquers. These
(SEU) the error detection and correction (EDAC)instruments make use of Earth’s strong magnetid fie
scheme implemented will be ‘triple voting’, a systéh  to provide additional position information (in tioase
which the code is stored in three separate location of the magnetometer) and torques to the satellite
memory. When instructions are read, the EDAC chipallowing for momentum dumping of the momentum
will compare the three locations and the majoritgsy wheels (in the case of the magnetorquers). Howgher,

_ o magnetic field of the Moon is not strong enougtb&
Attitude Determination and Control System detected with a typical magnetometer or used by
rmagnetorquers to any level of efficiency.

The attitude determination and control system (o
ADCS) is the navigation hub of the Lunette satllih
order to determine Lunette’s location in space al as
control its orientation, the system will possesg th
following sensor and controller suite:

Lunette Sensor Suite Error
6 Sun Sensors 0.7°
3 Rate Sensors 0.01°/s
1 Star Tracker 0.0194°

Lunette Attitude Controller Suite

3 Reaction Wheels
4 Nozzle Thruster System

Table2: ADCS Suite Figure7: Sinclair-SFL Reaction Wheel

The six sun sensors will be located on each of thé\ Preliminary controller was designed and simulated

panels of the satellite, affording nearly sphericalfor the Lunette mission in order to prove the
coverage of the sun’s location. Combined with thecontrollab|l|ty of the mission. It was concludecathihe

know'edge of the sun’s position will be the star Lunette goals W0u|d be aChievable W|th the current
tracker's information. The duty cycle of the stacker ~ Suite of controls. However, a complicated controlle
had to be greatly limited due to the lack of auslga Would need to be designed, and this was outside the
power. Therefore, the rate sensors will be extrgmelScope of the current Phase A study.

useful in propagating the satellite’s position thét be

updated with absolute knowledge from the star eack |N€ ADCS system will be required at different stagé
whenever possible. the mission. During the measurement mode of the

Lunette mission, it will be imperative to point tis
The reaction wheels used to control the satellite’d?and antennas towards ESMO, while keeping the
position are designed and built in-house at SFleyTh satelhte_s attitude stable and ensuring favouraboleer
will be flown in the demonstration mission CanXa2d  generation.
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The Power System circular orbit will be performed once every weelO\
#1). The plane change maneuver (LOA#2) is thelesing

The power system for the Lunette mission providedargest delta-v maneuver in the Lunette missione Th

some interesting challenges during the initial giesi remaining maneuvers are performed for attituderobnt

stages of the Lunette mission. It was quickly @i and consist of momentum dumping (ACM #1) and de-
that the 20cm cubic form factor would not provide tumbling momentum dumping (ACM #2).

enough power for the mission. Many alternativesewer

examined at this point including deployable panelspelta-V Budget for Lunette Mission
different form factors and pre-deployed solar céllse

simplest solution, which also accommodated theesgu Maneuver # of Non-Impulsive Total Delta
for more fuel storage space, was to grow the entire Executions Penalty [m/s] V [m/s]
satellite structure to a 25cm cubic form factor. LOA #1 1 7 20E-06 0.67
L ) LOM #1 9 2.45E-03 32.32
The surface of the Lunette satellite is covered @it LOA #2 1 5 18E-01 29 03
solar cells. They help generate between 3.57 a8l 7. LOM #2 4 1.09E-03 14.36
W depending on the orbit and the mode of operationACM #1 14 5 77E-09 30
The lowest power margin, 14.94%, occurs when th%CM #2 1 5 87E-12 0.01
satellite is inertially locked with the lowest powe Total Delta V [m/s] 76.75
generating side facing the sun. The remainder ef thMar in (30%) 23'03
scenarios sees the power margin climb to well abovq.otzfll w/ Margin [m/s] 99.78
25%. 9 :

The battery selected for the mission provides powepFOA - Lunar Orbit Alteration

when the satellite enters an eclipse scenario.Bage -OM - Lunar Orbit Maintenance

the mission requirements which necessitate fligero ACM - Attitude Control Maneuver

the full sphere of the Moon, this will most likebccur  Taple 3: Delta V Budget for Lunette Mission

quite often. However, due to the fact that the Moon . . .
precesses under the satellite, Lunette may nevele’ €xamining several commercially —available

experience the full possible eclipse time. propulsion systems, it was concluded that nonetheet
requirements needed for this mission. Therefore, a
The Propulsion System custom system was designed. The propulsion system

was inherited in large parts from the CanX propulsi
In order to achieve the full-sphere gravity maptiu  systems, NANOPS and CNAPS, which are both cold
Moon, the Lunette satellite will be required to ily  gas propulsion systems. However, in comparisoméo t
formation with the ESMO satellite for a minimum of two other systems, the Lunette propulsion systesnsha
three months. Therefore, a propulsion system weéll b much larger Delta-V capability.

required to detumble the satellite, perform orbital

maintenance maneuvers and an orbital plane chang b

The goal of the plane change is to increase thétygua EZD ]
. . o

of the data by varying the path taken by Lunetteirm Fill / B

ESMO. With a one degree plane change, the dat Yave Vale g]><
acquired will help improve the quality and precisiof % /\Fuel Tank Resmintor

the lunar gravity map. @Q

The Delta-V requirement for the propulsion systeasw o le><l
derived from orbital simulations using the LP75Gpma [><<] Nozzle
generated from the Lunar Prospector mission. A <] valve
summary of the budget has been included in the Tubing

following table. Non-impulsive propulsion penalties
were included as well as a margin of 30% in oraer t Figyre 8: Propulsion System Architecture

accommodate any unknown orbital perturbations that ) )
may be encountered. The architecture of the system follows a simpleolay

containing a large fuel tank which is containedaksstn
The list of necessary propu]sion maneuvers are ash isolation valve and a fill valve which is acdbks
follows. Following separation, the Lunette satelitill ~ from the exterior of the fully assembled satellitéais
need to stop drifting (LOA #1). The orbital mainamge  allows the satellite to be transported without i fiuel
maneuvers required to keep the satellite in a 100krfank and to be charged immediately before launeh. O
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the other side of the isolation valve is an accutuu|
the role of which is to ensure that the gas exdaldn
vapour form and at the correct pressure. Tubindg wil
then link the accumulator with the four thrusteivea
allowing the system to be fined-tuned in order to
compensate for any thrust or alignment variationsf
the nozzles. The fill valve will also contain arsiu
valve to ensure that the valve will release gasréwvent
an explosion should the system come under high
pressure than it was designed for.

The selection of the propellant proved to be aystiad
tradeoffs. The required Delta-V directly translaiei a

total necessary impulse of 540 Ns. The mass réetric
kept the overall system mass, including propellamt,

2.4 kg. Once the components mass is estimated, to Dr. Roger Walker, ESMO Project Manager, and Ms.

remaining mass for the propellant (1.2 kg) resinta .
specific impulse requirement of greater than 50 S_Sandra Forsman, ESMO Payload System Engineer.

Considerations had to be given to the nature of the
propellant as well. Some chemicals require permaits
purchase, store, and transport not to mention émger 1.
it would pose when stored in a working laboratdrige
possibility of explosive propellant would also make
primary payload nervous and might have prevented th,
mission from being launched. The culmination ofthi
search yielded the best choice for the Lunette ionss
Nitrous Oxide in an aluminum tank.

CONCLUSION 4

The nanosatellite technology developed at the Space
Flight Laboratory is versatile and can be usedafaide
range of high performance missions. The Lunette
concept is a significant step towards enablingraifie
missions using affordable nanosatellites that cen b
designed, constructed, and launched in a sho®:
timeframe.

The proof of concept from the completion of the $tha
A study demonstrates that Lunette is feasible based
existing SFL technology and would be a valuable
addition to the ESMO mission. The creation of d-ful
sphere gravity map for any future Moon missions ldou
make an important contribution to the scientific
community and Moon mission planners. Furthermore,
the Lunette concept can be expanded to other planet
missions as a first-step in exploration. The getiwraf
accurate gravity maps facilitates orbital navigatand
landing precision while also helping to determihe t
geological make-up of the planet. The data can
potentially be combined with a magnetic survey étph
locate specific materials.

The potential of nanosatellites is constantly being
expanded and Lunette will be the next step in pliog
access to space for science.
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