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ABSTRACT

The CXBN mission goal is to significantly increase the CosmiRay Background measurement precision in the

30-50 keV range. The mission addresses a fundamental science question that

structure, origin, and evolution of the universe by potentially lending insight into both the high energy background
radiation and evolution of primordial galaxies.-R&y spectrum investigations necessitate using space platforms
The

is central tarstandingeof the

becauseo t he attenuation by the Earthodés atmosphere.

Ray Background (DXB) with a new breed of Cadmium Zinc Telluride (CZT) detector. The DXB measurement will
pose a powerful tool for understanding the eariverse and provides a window to the most energetic objects in the

far-away universe.

The science objectives were condensed into a novel spacecraft concept characterized-fyirdirsginspinning
spacecraft (1/6 Hz) in LEO with moderate inclinatiorrajé&ctories for launch allow 4 nominal passes per day over

the primary Earth station at Morehead State University (Morehead, KY). Science data and spacecraft telemetry will

be downloaded at the MSU Earth station and will serve as the primary commanchantfaoilities. The science
mission requirements fortunately allow for the use of the economical CubeSat form factor. All of the major
subsystems comprising the satellite are ddwving been developed by the team. CXBN is a 2U (10cm x 10cm x

20cm); 2.4kg CubeSat to be deployed from a 3U CalPoly Picosat Orbital Deployer (PPOD) with the NASA ELaNa
program. Innovative systems include power distribution, command and data handling, and attitude determination

and control system all developed at MoreheadeStaiiversity.

Both the science program and the spacecraft engineering have been conducted by graduate and undergraduate

students in concert with university faculty mentorbhe launch is scheduled for August 2012 from Vandenberg
AFB on the OUTSat missio Morehead State University will provide ground operations for the mission

communicating with satelliteb6s UHF

transceiver

ut i

assetsCXBN is a CubeSat mission that has been developed at lonandsbn a highly constrained 12 month

timeline, but with potentially significant science returns.
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INTRODUCTION telescopes have broughtttee study of the XRB since
The Cosmic XRay Background Nanosatellite (CXBN) the emergence of Xay astronomy, its origin is still
is a cooperativesmall satellite mission with the uncertain. Ultimately, the energy density of theray
objective to make precisthe mostmeasuremats to  sky is dominated by diffuse radiation which is mostly
dateof the cosmic Xray background The projectis  of cosmic origin that is not well understood. The
based ora lowcostuniversitybased CubeSat that was primary scientiic issue motivating this mission is to
accepted b Educaioh@® ALdunch of a determine the flux of the extragalactic diffuseray
Nanosatellite ELaNg program for a launch background (DXRB) in the hardray band
opportunity in 2012. NASA ELaNa is managed by the
Laurch Services Program to provide secondary payloadhe isotropy of the XRB greater than 3 keV strongly
launch opportunities for science research anduggests that it is extragalactic. The DXRB in this range
technology demonstratiofis. is thoughtto be composed of a very large number of
The mission team consists of members of the followin discrete sources. At softray energies, the nature of
Yhese sources is known, namely faint active galactic

US institutions: nuclei (AGN). However, theoretical attempts to

A MSU (Morehead State Un iSY)“%“?Siéei tge’\}Pf;RBoISPeCtM@ F‘tehﬂr%a’%%ﬁ'ergieﬁ Y

from an A opulation "have " not beenh very
A U C Bversity of California at Berkeley), Berkeley, successful. Part of the difficulty is that the existing

CA measurements are inconsistent with each other, and the
one widely considered the "best" (madéh the A4
A Nogsi Aerospace, Ltd. 6 Iinptiupeat onc §EAG) doe not match other
measurements.
A LLNL (Lawrence Livermore National Laboratories),
Livermore, CA The hard xray band is key to understanding the DXRB

because the bulk of the energy is found over this energy
A SSU (Sonoma State Uni veangei tThe) DXRER tuk peakstat 3@ kek/,, sO OW

measurements in the 3D keV range coveht peak of

the power spectrumAt these energies, genuigel
CXBN is designed to make significantiynproved diffuse Galactic emission is small but bright point
measwvements of thediffuse X-ray background with a sources in our galaxy and in the Magellanic Clouds are
gamma raydetector system based on a CZT (Cadmiunpotential contaminators. The beseasured component
Zinc Telluride) array. These measurements have thefthe XRB spectrum is the-300 keV band (i.e.-0.04
potential to provide insight into underlying physics of A). The HEAOG1 A2 experiment providedhe best
the early universe The scientific goals, satellignd its ~ measurements to date of the XRBectrum from 3 to
subsystems, the concept of operations, groungdbout 45 keV.Using archival Swift XRay Telescope
operations strategies and launch and mission operationita Moretti et al. in 2008 produced a new

plans are described in this paper. measurement in the 15 keV band. An analytic
description of the CXRB spectrum over a wide {200
SCIENCE MISSION GOAL S keV) energy band also resulted from this work. Their

model was somewhat consistent with HEAO

Measurements of the -bay sky dating back to the measurements at 20 keV and higher but 30% higher at
1960s using sounding rockets revealedsurprising  |ow energies (2.0 keV).

cosmic background glow of -Xay emission.

Subsequent measurements using a variety of platformFhe goal of this mission is to significantly increase the
including high altitude balloons and -@mbit X-ray  precision of measurementsf the Cosmic XRay
astronomy telescopes revealed a variety of discretBackground in the 380 keV range, thereby
cosmic sources and an unresolved, diffaaekground  constraining models that attempt to explain the relative
radiation field. In subsequent decades, the sensitivity afontribution of proposed sources lending insight into
detectors increased and the ability to focusa}{s the underlying physics of the early universe. The
evolved allowing direct imaging of the discrete-tdy ~ mission addresses a fundamerseience question that
emission associated with celestial objects. Althoughs clearly central to our understanding of the structure,
most types of the discestresolved Xay sources are origin, and evolution of the universe by potentially
fairly well understood, astronomers have struggled tdending insight into both the high energy background
understand the origin of the diffuse cosmicray radiation and into the evolution of primordial galaxies.
background  (XRBJ. Despite the enormous Investigatons of the Xray spectrum necessitate using
observational progress that moderiay detectors and space platforms because of the severe attenuation of
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radiati on i n this frequ
atmosphere, therefore requiring orbital flight
opportunities to perform this kind of science. The
CXBN will map the Extragalactic Diffuse -Ray
Background (DXB) with a new breed of Cadmium Zinc
Telluride (CZT) detector. The DXB is a powerful tool
for understanding the early universe and provides
window to the most energetic objects in the-damay
universe. Altlbugh studied previously, existing
measurements disagree by about 20%. With the now
CZT detector aboard the CXBN, a new, high precisior
measurement is possible.

Specifically, thekey goals of the CXBN mission are to:

1 Increase the precision DXB measuraimén
the 1050 keV range Figure 1: CXBN Detector Array 18° Diameter Field

of View

1 Produce data that will lend insight into . ]
underlying physics of the DXB As the spacecraft spins, the CZT sweeps out a field of

view on the sky and, over the course ofesaVl orbits
1 Provide flight heritage for innovative CubeSat Will observe the entire sky in the frequency regime of
technologies interest. Figure 2 illustrates the spacecraft concept of
operations. The data collected will be stored-board
1 Provide flight heritage for CZT based-X and transmitted to a dedicated Earth station at
Ray/Gamma Ray detectors Morehead State University here it will be calibrated,
reduced, and analyzed. Discrete sourcesrafX
Extensive GEANT4 simulations dhe payload have galaxies, Xray binaries, active galactic nuclei, and
been performed to determine background rejection angulsars) will be subtracted along with extended sources
count rates expected -@mbit. These simulations, along (the Earth, moon, nearby galaxies) to produce a dataset
with a detailed description of the CZT array, theof the diffuseX-ray backgrond.
detailed science objectives, and initial science data will
be presented in a cqranion paper devoted to CXBN
science’

CONCEPT OF OPERATIONS

The CXBN spacecraft is a 2U CubeSat form factor with
a launch size of 10 cm x 10 cm x 20 cm, a mass of 2.4
kg,. The concept of operations is summarized as a sun
pointing spacecraft that spinsalt its Z axis at 1/6 Hz.
Rotation about the -Axis serves two purposes: 1.) to
spin stabilize the satellite and 2.) to facilitate full sky
coverage by the science array. The spin rate, along
with precession and nutation control, will be controlled
with and ACS system utilizing-a&xis magnetorquers.

The gacecraft will spin about the sun pointing axis,
allowing the detector to sweep out its Field of View
(FOV) over 360 degrees with each rotatign study

was performedio determine the appropriate detecto
FOV on the sky and resultingletector collimator Data collected near the Eartho

design. A FOV of approximately 18° was determinedthe South Atlantic Anomaly are expected to be

e e o Lo, heulnt 0% contaminted by rapped_parices and secondary
FOV is too large. multiole discrete sowceﬁoul d gamma rays created as tbgzarticles interact with the
g€, P spacecraft structure. Conservatively estimating the the

contaminate the data. Figure 1 illustrates the . X .
. raft will over th rial regiofos 10% of
observational effect of the selected FOV spacecraft over the equatorial reg 0% o

Figure 22 CXBN Concept of Operations
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the time with low background then in ~1 year of antennas and a P@iased monofilament cutter system
operation the science array will collecB milion that constrains the deplalyle systems in the stow
seconds of gooddata. In ~1 year of operation a configuration and controls the deployment in
broadband S/N ~25@an be achievedt is expected compliance with the NASA LSP secondary payload
that the data will reaclsystematic limits after ~ 16 deployment restrictions.

months of operationlf the goal of S/N of 250 can be
achieved for full sky coverage, tmeission will lead to
significantly increased precision in the DXRB flux in
this range with a goal of measuring this flux with a
precision of <5%.

SPACECRAFT
Overview

The science mission requirements are well suited to g
small spacecraft, making this mission ideal for the
CubeSat fon factor. All of the major subsystems

comprising the satellite were designed, built and tested
in-house at the Morehead State Space Science Center.

The spacecraft contains all the necessary subsystems {
meet the innovative SmartSat mission and compti wi
the internationallyaccepted CalPoly  CubeSat ) ]
standards. The bus structures and systems have been Figure 3: CXBN Flight Model
flight proven for the CXBN ELaNa mission and
numerous subsystem derivatives have flown on other

Table 1: CXBN Spacecraft Bus Specifications

microsatellite missions. The heritage systems include: Parameter Value

powea, communications, attitude determination and Launch mass. 2.4 kg

control, and bus command and data handling. Th Pavioad M .C bility: 1.0k

spacecraft bus specifications are provided in Tdble ayload Viass .apa Mly: | 20 K9

This combination of flight qualified hardware and Payload volume: 1.0U

innovative solutions to small spacecraft engineering ADS N1.5e

chdlenges provides for a robust spacecraft bus ideal for| ACS >0.1¢

this CubeSat propulsion demonstration. A brief | payload Power Capability| 2*". (P€ak). 3.8 W

description of each of the primary subsystems is (OAP)

provided below. Prime Power Generated | 15W continuous
Voltages Available to

Structure Payload: 12V, 5V, 3.V

The 2U CubeSat Bus structure is based on a robust Dynamics Sun, Star pointing,

wall structure matched to eentral mounting block. Max. Sustainable Current igﬁ@ g\gv

Subsystem enclosures and braces reinforce the structure. _ SA @ 3.

throughout the length of the body, allowing the frame to | 2OWnlink Data Rate 9.6115.2 kbps

hold very tight tolerances. The design also provides| Béacon _ CW,01t025W

rigidity required to maintain integrity during vibration. | Spacecraft Operational | _ year

The stucture is simple to manufacture and assembles_Lifetime:

easily during test and integration. The os@hed
concept (shown in Figure 4) provides easy access to ) . .
subsystems for wiring, improves thermal control, and isThe structure has flight heritage and has consistently

designed to meet NASA spacecraft venting standard$assed environmental testing (including vibe and T
The structure is VAC) at 3 dB above the NASA GEVS standards (and

significantly higher @ one mission). The MSU
composed ofAluminum 6061T6 with a Type Ill Hard ~ CubeSatstructure design has consistently proven to
Anodized frame It serves as a chassis to accommodat@erform without deformation otoss of component

four deployable solar panels, four deployable bladdntegrity and to maintaincompliance with the CubeSat
standard through extensive testing.
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mission operationgbhases as well as positioning, and
radio transmission during the highest requireated
downlink transmission wittsignificant margin. Main
features of th&€MAD are proviled below inTable 2.

Table2: CXBN Spacecraft Bus Specifications

PowerGeneration
Spacecraft point to illumination
4x deployable solar panels @*90
~15/ continuous after sun acquisition
9 cells per panet 3 strings of 5 cells

I B | B

PowerStorage
8x Molicel Lithium lon 18650 batteries
2S4P configuration: 8.4V @ 8800 mAh
18 mm dia. X 65 mm long
Battery protection circuitry

I | I >

PowerManagement and Distribution
Direct Energy Transfer system
Shunt regulation for charging
3.3V, 5V, and 12V
Rawbattery voltage available

Figure 4: CXBN Flight M odel Uses an OperSided Maximum sustainable current™
Structure to Provide Structural Stability and 0 ~25A @5V

Accessibility to Internal Subsystems 0o ~-15A@3.3V

RBF and Deployment Switch circuitry
Dedicated MSP430

BSL permits reprogramming in flight

I B I B B

Power Management and Distribution

I | >

The electrical power system consists of 4 deployable
solar panels for energy generatiod, lithium ion

batteries fo energy storage, and a power management
and distribution system (PMAD) shown in Figure 36

triple-junction 26% efficient solar cells are utilized on
the solar panels which are covered by a protectiv
coating of a proprietary polyimide (a polymer
contaning monomers of amides joined by peptide
bonds)shown in Figure @and installed via a proven,
proprietary process. The PMAD is an innovative,
expandable, direct energy transfer system that emplo
shunt regulation for charging arghttery protection
circuitry. Four Lithium lon batteriesare includedto
extend mission life.The power systeroontains its own , e, T
dedicated MSP430 processor that supports its mo : — P :
innovative feature the ability to be rgrogrammed
during flight.

The MSU PMAD is configured withall necessary
features to accommodate the mission profile.

Simulations show that only 4 orbits are required to fully Figure 5: CXBN Power Management and
re-charge the battery pack after 10 minutes of Distribution System
continuous operation of all spacecraft systems (a

condition which is not expected to octurThe energy

storage architecture will accommodate tkeience
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combination of analog to digital and digital capture
circuitry to support the science goals of the mission.
The main processor is an ARM 7 architecture which
consumes minimal resources in stangimyver modes
while having significant processing capacity during full
operation. The table below has the main processor
specifications.

The advantage ofhe CXBN C&DH system is its
capability to operate a full operating system which
limits the amount of enddded programming required
for the full spacecraft mission. All drivers are written in
high level C and C++ and we have extensive libraries
available for supporting complex math, 1/0 stacks, and

data transfer.
Command and Data Handling

The flight computer C&DH system onboard {GXBN

spacecraft is responsible for commanding and
monitoring all spacecraft subsystemand for
commanding and monitoring the payload and all othe
spacecrft subsystems The MSU C&DH is designed
specifically to work with microprossemontrolled
payloads. The C&DH is based on the Texas

\‘ |

Figure 7. CXBN Deployable Solar Panel

Instruments MSP430F543xA seriésa mixedsignal -
microcontroller. Built around a 16it CPU, the

MSP430 is designed for lowost and, specifically, low Figure 7: CXBN Power Management and
power consumption embedded applications. Most pins Distri bution System

connect to a more specialized peripheral, but if that

peripheral is not needed, the pin may be used foAttitude Determination and Control
generalpurpose 1/0. The advantage of this C&DH
architecture is its gmbility to operate a full operating

system which limits the amount of embedded
programming required for the full spacecraft mission.

At the systems level, mission objectives define the
attitude determination and control systems (ADCS).
Some satellite missions require precise attitude control
systems (ACS) to steer the satellite to a locato

perform science. Other spacecraft, like CXBN, can

The MSP 430 utilized has a -bit RISC architecture collect scientific data through a spimbilized

with a 40 MHz clock rate and 256 KB of flash. It . ) . .
utilizes independenl6-bit timers and realime clock configuration. However, all satellites that require
features. The MSP 430 is ideal for use in CubeSatQOintmg knowledge must utilize attitude determination
because it consumes very little power (ca. 200mWsyStemS (ADS). Multiple sensor platformene used on

when ative) and has low power modeslt CXBN to produce a complete ADS. ADS sensors can

accommodates UART, SPI or 12C interfaces and hag’e categorized by the medium they sense. The most
expandable flash (96 Mb utikd for this mission. A popu ! ar AD S devices use t he E
significant innovation of the MSU C&DH is that it has magnetic field, the Sun, or stato produce attitude

a bootstrap loader (BSL) that permits reprogramming iAmowIedge- the CXBN ADS uses all thes

flight and provides entry to other systems allowing, for

s The science mission for CXBN mandated a robust
example, payload systems and communication syste

0 b q bit. The BSL feat Mititude determination system. Previous Cubesats have
0 D€ reproglammed Ororbit. € €ature  favored magnetometers, sun sensors, MEMS

significantly mitigates risk by accommodating-orbit yroscopesand star constellation trackdos scientific

software upgrades of the spacecraft flight software ana,[titude knowledge. Although these systems hawmbe

sed in Cubesats, the added complexity and
development can overrun a short program effort. For

The C&DH system comprises the mairopessor and CXBN, a novgl met_hod_ was squg_h_t to reduce system
complexity while maintaining reliability and schedule.

payload interface. The payload interface is a

payload software systems. An overview schematic i,
illustrated in Figurer.
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The result is a combination oMEMS gyros for
reducton of roll ratewi t h a star

viewing area. The combination of these systems
provides full roll determination for CXBN.The basic
concept is characterized by the spacecraftrientea
slowly precessing spinthat is cortrolled with 3
magnetic torquers (shown in Figure 8).

The ADCS for theCXBN bus provides full 3axis

knowledge and control of the satellite through the use
of multiple sensors and magnetic torque coils. Attitude,
orientation, and position is precisely determined by a

combination of and dual sun sensors, MEbESed
gyroscopes(Figure 10) magnetometers, star sensor,
and triaxis accelerometers

The-Z face includs a dual Sun senso(DSS)shown in
Figure 9 With careill calibration, magnetometeuwsill

be adequate to determine the spin phase. The

spacecraft alsdeploys four solar panels at a°%ngle
relative b the Xaxis of the spacecraft providing
additional spin stabilization.The ADCS system
configured for tis mission provides pointing control to
2e and knowledge to 0. 1le
are provided below iffable 3.

Table 3: ADS and ACS Systems

Determination:

A Dual Sun Sensor (DSS) system

Dedicated MSP430

Power consumption: less than 500 mW

Pitch and yaw knowledge when spointing

0
0
0 Quadrature photodiode system
0
o}

Medium Sun Sensor (48alf angle)

A TriAxis Accelerometers

o Dynamic Ranget18g

0 Sensitivity: 3.33 @/LSB

Control:

A 3x Magnetic torque coils

o Driven fromC&DH via PWM signal

o Helmholtz coil measurement at construction

o0 Average power consumption: 2.5W

A TriAxis MEMS Gyroscopes

0 Dynamic Ranget 75, 150, or 30G°/s

0 Sensitivity: 0.0125, 0.025, or 0.8/5/LSB

0 Average powr consumption: 2.5W

A TrirAxis Magnetometers

o Dynamic Rangé—:'3.5 gauss

0 Sensitivity: 0.5 mgauss/LSB

sensd
generate an absolute position pulse as a star transits the

Specif'

Figure 9: CXBN Dual Sun Sensor

Canopus Pipper
Star sensors vary significantly frorstar trackers.

t he

detector 6s

Instead of using imagers, star sensors operate by using a
type of photodetector to produce pulses when stars
transit

FOV.

is proportional to the magnitude of the stars in the FOV.
Dissector tubes ithe 1960s to produce a system that

could determine when it was pointing at a specific star

and then track it with feedback to the A&SThe
downfall of star pippers is the difficulty in correlating
the magnitude of the star with the amplitude of the
pulse. However, star pippers provide a much more

appealing solution than star trackers for CubeSats.

CXBNb6s star

pipper,
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original sun sensor design by a factor of 2. Since the
original sun sensor was approximately 20mm3, it
seemed possible to fit all of the electronics and housing
within a 40mm3 envelope. A similar approach was
taken to set a goal for maximum power consumption.
The sun sensors consumed approximately 330 mwW
when operating. Since the Pipper had a very similar
electronics package (but some components operated on
5V), 500 mW was chosen as the maximum power
consumptiorgoal for the Pipper. Lastly, the data stream
coming from the Canopus Pipper needed to be modest
enough to not fill up storage on the command and data
handling system (C&DH), but also frequent enough to
provide enough data points to deduce roll position.
Since CXBN is roughly estimated to be systabilized

at about 1/6 Hz,-80 Hz was chosen as the sample rate.
Such a high number was chosen to obey the Nyquist
rate in case the estimated spate was low.

Figure 10: CXBN MEMS Gyros-Based IMU

For CXBN, a novel idea was proposeg John Dotyto
use a very similar concept as Digital Canopus
Trackef used in the 1970dor roll determination, :
excluding unnecessary or overcomplicated systems
This idea, coined the Canopus PippeErr¢r!
Reference source not found.Error! Reference
source not found), is a star sensor that was mounted in
CXBN orthogonal to the spiaxis. By sweeping out the  [HE
sky as CXBN spins, the Canopus Pipper can producegsss
data that can be correlated to a roll position. Since theiss
Canopus Pipper alone only produces roll position, it [
needsto be paired with a roll rate to deduce full roll |[SEE
knowledge. On CXBN, MEMS gyroscopes were used [Fs
to produce the roll rate. The end result is not an activelyf
tracking ADCS, but a solution for roll determination
that can be implemented with minimal impact on
mission schedule.

Canopus, or Alpha Carina, is the second brightest star Figure 11: SkyViewlmage of Canopus
in the sky with an apparent magnitude of
-0.72 (11). Canopus is located about 300 light years

away at a right angle (RA) of 06h23m57s and 3The DSS on CXBN only provides pitch and yaw

declination (DEC) of-52°4 1 4 @ The brightness and knowledge; the Canopus Pipper provides the roll
position in the sky make Canopus an ideal choice foknowledge. Therefore, the major requirement for the
star sensor system€anopus06 magni t Cahepus Pipparnsdoslink theistience data collected to a
among neighboring stars, making it viable to use formosition in the sky. To accomplish this, the Pipper will
starbased ADS sensors. have to be synchronized with the payload as they spin
about the zaxis of CXBN. Also, at the bare minimum,
As with any system design, there were constraints oground testing will have to be performed to ensure that
the Canopus Pipper. The mass, volume, powethe hardware is functional and produces an interpretable
consumption, and data production were consideregdignal in response to a dim lighiwsce. Lastly, the data
before beginning design. After running a rough massrom the Pipper needs to be combined with the roll rate
budget for CXBN, it was determined that the Pipperfrom the MEMS gyros.the design of the Canopus
needed to be less than 200 grams in mass. The volunmépper, segregated into optical, mechanical, electrical,
goal for the Pipper was estimated by scaling up arand software domains. Figur&2 below depicts the
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operational concept ofthe Canopus Pipper from

starlight b data read by a microprocessor and Figure 1

shows the final flight model.

Starlight

Lens

Photodiode

- Current -—

Transimpedance I
Amplifiers s
- Voltage ---
Analog to Digital ADC
Converters
=== Roll Position -
Microprocessor MSP430

Figure 12: Block Diagram Concept of Canopus

Communications Systems

%he SmartSat Technology densbration regires an
uplink command rate 0f9.6 kbps and telemetry
downlink at 115 kbps.  Additionally, since the
spacecraft contains a propulsion system, security
protocol and data encryption on the uplink side is
required. AE&56 bit encryption is usetbr uplink
commands and M checksums are incorporated into
command sequences.

The CXBN communication system consists of two
AstroDev radios, antennas, and phase networks. For
uplink of commands and downlink of basic telemetry,
the VHF/UHF Li1 transeiver is used. For highpeed
downlinks of data, the-Band system is used (the VLF
system can also be used for low data rate downlink).
The radios are highly flexible, with options for full or
half duplex. Baseline configuration provides command
uplink & 9.6 kbps and telemetry downlink at 115 kbps
with up to 500 kbps available (reafigurable in flight).
Tables 4provides specifications for the ebhoard radio
systems utilized for this mission.

Table 4: CXBN Transceiver

Pipper.

AstroDev Lithium1 Transceiver

Starlight passes through a lens, to a photodiode. Th

A UHF: 400c 450 MHz

the current is transformed into aircent, where it is

A VHF: 12@ 150 MHz

sampled by analog to digital converters (ADCs). Lastl

A Half or full duplex

the signals from the ADC are sent to a microprocess

A AX.25 packet protocol

for integration into telemetry

A Operates on 3.3V and 5V

A Variable transmit power: 250 m\y/4 W

A 9.6 kbps (base), 115.2 kbps (max)

A CW Beacon

A Ping (with or without telemetry)

A Backdoor reset

A Provides BSlnéry to C&DH

Figure 13: CXBN Canopus Pipper

SCIENCE PAYLOAD

The DXB flux measurements to be made during this
campaign utilizes a semiconductor detector developed
by a team including the Project Scientist (G. Jernigan)
based on a Cadmium zinc telluride, (CdZnTe or CZT)
pixelated array.The instrument is a direct bandgap
semiconductor, used in a variety of applications
including as radiation detectors in the gamma ray and
X-ray spectra. Radiation detectors using CZT can
operate in direetonversion (or photoconductive) mode
at room temprature. Advantages of this technology
include high sensitivity to Xays and gammeays, due

to the high atomic numbers of Cd and Te, and better

Brown
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energy resolution than scintillator detectors. The CZTj
array payload is a novel, 16x32 lgwower sensor with
600x600 micron pixels and 1keV energy resolution ai
an energy of 60keV. A 5 mm thickness provides a ver
ample interaction volume for incoming gammas. Figurg
16 shows the detector arragnd its high power supply
along with a highz multi-layered shieldingbox and
field of view collimator The collimator aperture was
designed that serves to define the appropriate field d
view on the sky (approximately 18°) and contains two
X-ray calibration sources (totalingqwo e-Curies of
Americium 241). Placement of ¢hcalibration sources
within the collimator isshown in Figures 14 and 15

CZT Array Collimator  Cal Sources Assembly

Figure 14: CZT Array Collimator and Calibration
Sources

Cal Sources Cap

Figure 16: CZT Array and High Voltage Power
Supply on Development Board (Top) Housed in
multi -layer High Z Shielding (Middle) mounted in
an Aluminum Structure with a Collimator (Bottom)
lined with High Z Shielding

Shielding materials, thicknesses, and placement were
carefully selected based on numerisiahulations of the
collimator interaction with high energy cosmic rays that
produced secondary particles including gamma rays in
the energy range of interest. These simulations are
described in the companion science pdper.

Figure 15: CZT Array Calibration Source
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The DXRB has a flux of ~1 seccm2 skl in a band (FM) in the final flight configuration. Subsysn
from 2050 keV for a field of view ~0.25 ster and a 4 integration and testing an&M development is the
cm2 area. Therefore for every second of high qualitffocus of the early phases of the programhile FM
data we expect to detect ~1 DXRB count in this bandissembly functional and prdlight testing was the
and also typically ~1 particle background event. If wefocus of the later stages Important riskmitigating
conservatively assuenthat we are over the equator for features of the CXBN bus include:)1 a high level of
10% of the time with low background then in ~1 year ofworkmanship and proven assembly and integrati
operation we would have 3 million seconds of goodprotocol and processes and 2ight heritage of
data. In ~1 year of operation we reach a broadband S/Bssentlly all of the subsystems, and 3.) rigorous
~250. We expect to be systematic limits after ~ létesting of subsystems, assemblies, and the integrated
months of operation. The team will do extensive bus beyod NASA GEVS specified levels.
modeling including GEANT simulation to refine the
estimates of the S/N. The goal is to measure thdhe engineering developmenapproach- based on
absolute level of the DXRB to <5% accuracy. evolved subsystems primarily developed by the
proposal team and rapjtototyping of bus components
using 3D printing technology facilitated the
ENGINEERING DEVELOPM ENT spacecraft design, assembly and testing withinl2
month timeframe allowing the teato take advantage

The engineering development of CXBN followed a)Qf the flight opportunities i2012.

spral engineering approach that was undertaken b
faculty, undergraduate and graduate students working

closely together(Figure 17) The design process = U 1B
folowed the typical review process including a & . 4
requirements review, specifications review, preliminary
design review, critical design review and mission
readiness review. All electronics and mechanical®
systems were iteratively designed in virtual space then 28
prototyped and tested. In the case of the electronics (¥ =
systems, boards were layed out in Altium Degr ]
12.0, then spun, populated and tested. Numerougs
iterations of board design, prototyping and testirege
undertaken to p[roduce the final flight models. The
development of the mechanical systems followed 3
similar path, first being designed in SaNrks, then l
plastic models were produced using an additive®™®
manufacturing process {3 printing). The models
were fit checked and iteratively designed and produce(
before engineering and flight models were produced
using flight materials. As an exampletiie CZT array
collimator design process is illustrated in Figrure 28.
CAD view of the CZT detector (payload) collimator
was first produced followed bg rapid prototyped (B
printed) model of the collimator. Engineering and
flight modek were then mduced from the final
materials- in this case 6061 Aluminum witligradedZ
shield which consist of a particle filtering window |
consisting of layers of Pb, Sn, and Cu.). These imag
illustrate the rapid desigprototype process employed #
for many of theCXBN subsystems. The final system
was CNC machined based on the iterative testing o
these designs.

)

Figure 17: Undergraduate Students and Faculty

Overall, the devebpment effort consisted of )1 Worked Togetherto Fabricate Electronic and
identifying, modifying, benchiesting and flasat  Mechanical Systems and to Assemble Engineering
integration of all bus subsystems) #Bevelopment of and Flight Models of CXBN

two engineering models (EM) in neflight
configuration ad 3 the development dd flight model
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and modeled values (second order mass properties,
orbit debris analyses, venting models, structural
survivability, and hardware cleanliness). Test reports
and compliance verification was documented in the
CXBN Verification and Compliance summary
submitted on November 17, 201"1.Most of the pre
flight testing was performed on site at the Morehead
State University Space Science Center Spacecraft
Verification facility. The facility includesvibration

analyss (shaker table) system (shown in Figure 20),

EM anechoic chamber$igure 21)and a screen room
for RF characterizatiorgnda solar simulator

Figure 18 Mechanical Design Process lllustrated

A CAD view of the CZT detector (payload) collimato

is visible on the top leftA rapid prototyped (D
printed) model of the collimatas shown on top right
and theEngineeringModel (bottom lef) with theFlight
Model shown on the bottom right withperture cover
removed {0 show the graded shield Ining consisting

of layers of Pb, Sn, and Cu.). These images illustrate
the rapid desigiprototype process employed for many
of the CXBN subsystems. The final system was CNC
machined based on the iterative testing of these designs.

Integration and Assemlyl of Flight Model Figure 19: Flight Model of CXBN Under Assembly
in the Morehead State University Class 10,000 Clean
The final flight model of the satellite subsystems of Room Facility

CXBN were produced in Morehead State University's «
Class 10,000 Clean Room using electrostatic dischargez
(ESD) prevention techniqug$igure 19) Clean and
ESD techniques were used lioth the fabrication and
assembly processes and in storage of spaceflight
hardware. MNrogen purged drycabinets areused to

store ESD or moisture sensitive hardwdomizersare

used in areas where ESD sensitive hardware

handled. lonizers dissipastatic charges that build up
both on insulators and conductors and have provensus
effective in the clean room environment.

Verification and Preflight Testing

CXBN was subjected to a rigorous testing regime to
verify compliance with all requirements spedifidy vy
theELaNa VI mission ICD Rev 1.0 and NASA LSP Tee,
REQ-317.01These tests included empirical measure
ments (vibration, thermal cycling, vacuum testing,
physical dimension and protrusion adherence, mass
properties, transmission, power on and deployables
exclusions,and "Day in the Life" testing) and derived

Figure 20: Morehead State University Space
Science Center Spacecraft Verification Center
Shaker Table
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GROUND OPERATIONS

All ground operations supporting CXBN froraunch,

to early operations (LEOP) through primary mission
operations and derbit procedures will be managed by
the Morehead State University Space Operations Center
(SOC). The Center operates several ground stations,
including low bandwidth VHF/UHF systes and a 21
meter diameter, full motion, parabolic dish antenna
system (Figure 22) to support this and other small
satellite missions. The 2h has the capacity to track
satellites in low earth orbit (LEO) with extremely low
transmission power, as well assatellites at
geostationary, lunar, and Eafun Lagrangian orbits.

Figure 21: Morehead State University Space The system Currenﬂy operates at VHFa&Ba&C-, X-
Science Center EM Anechoic Chamber and Ku@mnds. The instrument is primarily operated by
undergraduate students who work in the associated
Delivery and PPOD Integration laboratories to gain handm training in RF systems

and techniques. Tabfoutlines the basic performes
The flight mocl of the satellite subsystems of CXBN characteristics of the 2rh.*
passed prflight verification in November 2011 and
was delivered to the launch integrator, CalPoly o
January 4, 2012. CXBN, along with &P was
integrated into a PPOD on January 5 (Figure 20) a
subsequently delered to Vandenberg Air Force Base.

Figure 22: Morehead State University 21 Meter
Ground Station

The primary aspects of the CXBN mission for which
the MSU SOC will be utilized idade satellite tracking
(2-4 passes per day) and associated scheduling,
command sequence generation, uplink and downlink
commanding, propulsion system thrust control, satellite

Figure 21: CXBN (center) and CP5 (front) in the
Clean Room at CalPoly (San Luis Obispo) CA Prior
to Integration into the P-POD (background)
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