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s ontry-descont-and-landng

Solar Arrays (MMA)

Cold Gas Thrusters (Vacco)

X-Band Transponder (JPL) i i

I /
eV 4
s

SSPA & LNA (JPL)

High Gain Reflectarray (JPL)

VarCO Overview: Software: Operations:

folume: 2 x 6U (10x10x30cm) FSW: protos (JPL) Primary: DSN (34 & 70m)

tase 14.0kg GSW: AMPCS (NASAPL) EDL: Madnd 70n

ower: Earth 35 W/ Mars 17W In-Flight Relay Derno: Morehead State
Jata Rates: 62-8000 bps I&T:

Jelta-V: > 40 m/s In-house S/C 18T, testing, Tyvak Primary Ops: [PL

Ope Support: CalPoly-SLO

NLASLaunch Integration
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oo —_ = v = —_— Cassegrainian design was improved for gain
‘ 4#5'50)Deep Space'“i; (-)-T:EJEJELE 7>T+ * Similar folding rib geometry to APDA
0) Fa:ﬁ % ( Ka/ {y I:) — Required additional sub-reflector,

horn, and waveguide

- /
¢ 7T FER0.5m, 30lbs (13kg)
@ Ultra—Compact Ka—Band Parabolic Deployable to
Antenna (KaPDA)
— 4= P — : — . : . Hoen
& FEIFEATIE. [RREAZ Y32 RainCubeDL— -
K77 ELTHER e
Key KaPDA Companents KaPDA Stowed KaFDA Deployed
T oTHiEELHIE
7Rain7Cut;e - Véit;e - } y Mission Vélue
Instrument Ka-Band Radar Ral n C u be Launch manifest  ELaNa-23
Frequency 35.75 GHz M H H Launch date (est.) 5/2018 (OA-9)
ISSIion
* ANEAS parabolic deployable antenna (APDA) launched in Sept. 2012 eI e Operations NN
*  Folding rib architecture was attractive for stowing effeciency Vert. resolution <250 m p nclination SLE5
*  Redesign the 0.5 m S-band APDA Sensitivity Conce pt M"y mjssion i [2imonths

— JPL Is collaborated with USC/ISI to test APDA and develop KaPDA

—  Surface characterization of APDA revealed a complete redesign would be
required for Ka-band operation

Design requirements
— 42 dBi goal at 34 GHz for downlink to DSN
*  Equals $0% efficiency or surface distortions of under 0.57 mm RMS
Stows within 1L.5U, and deploys with adequate mesh tension

{ Flight System

Spacecraft volume
Payload Power Up to 35W

Payload Data S0 kbps
Payload duty cycle  25% transmit
APDA Hardware: Deployed and Stowed Payload operation 1 full orbit
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Propulsion System

* HFC-236fa, |_=4T7s
* 100mN OMT

* B x10mN RCS thrusters in 4 ——— e
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RS0: T80 Propellant optimal trajectories for acquisition of a circular relative

orbit. (Each color represents a different initial in-track distance.)
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Cubesatts
|f' otential Cubesat Instrument Payload Status

Type
X-ray

y-ray

neutron

Vis/NIR Imaging
spectrometers
IR (near to mid)

uv
Longwave

fields

Mass
spectrometry
(MS) (molecular
component)
Energetic
particle analyzer
Dust detectors,
on spacecraft
Cosmic Ray
Detectors

Resources
3.5kg, 2.5U, 5W

<5kg, 5U,<10W,

<5kg, 5U,<10W,
<2kg, ~2U, 5W

<2kg, 1.5U, 5W

3kg, 4U, 3W
2.5kg, 5W, 4U (IR),
16kg, 25W (SAR)
<lkg, <1U, <2W.
Boom improves.
MS <2 kg, <2U,
5-10W; LIBS 2 kg,
2U, 5-10W

3kg, 4-5U, 2W, 30
eV — 30 KeV
0.5 kg, 2U, 5W

1kg, 1U, <1W

5 AT B A T XA O— RIS R

Status

Solid state collimated compact XRS. TRL 6 concepts for in situ sample
characterization combined XRF/XRD (DCIXS, MICA) !

Mid-TRL Concepts for compact GRS and NS components (Parsons et al)

Mid-TRL Concepts for compact GRS and NS components (Parsons et al)

Work underway to fly prototype with facilitating microcryocooler to increase
sensitivity. mid-TRL (UCIS)

1-4 micron broadband IR compact high spectral resolution, broadband IR workhorse
with critical microcryocooler under development (LWaDi)

Unaware of work to make compact version for deep space.

thermal, radio, need work on microsizing components. Work is underway on
microsizing TES further

Many groups working on compact magnetometers and compact transponders/
transceivers/software radios (CINEMA, INSPIRE)

Chip-scale MEMS MS under development. Mini-libs under development.

State of art. MEMs based multi-cube module concepts under development. ESA
Amotek series

Dustbuster novel compact time of flight concept

Full field of view State of art Cherenkov/LET detector characterizing direction,
energy, masiar{d speed of particle in 1 to 1000 MeV/amu range. (Wrbanek et al)

X v 8- RGERN - F-RR-BR-EESIT- BIRILT—HFoH - PEBA XM -FHER
H &8 D CubesatiB WAL FHE H TS, UNMIKEFNQLIRELONM ?) Source: NASAGSFC | 75
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Some Deep Space Science Cubesat Missions Under Development

Target(s) Description ayload IExample
R:oon. Asteroids. [LWabDi (Lunar Water Distributionfbroadband IR cryocooled. IGSFC (Clark et al)
ars prbiter. Volatile forms and

components systemartics)

IMoon. Asteroids [Lunar Flashlight orbiter. (Surface INIR instrument JPL (Stachle et al)
ices in permanently shadowed
‘cold traps’)

(Moon Magnetic Swirl Anomaly lagnetometer. CSC (Garrick-
impactor ethel et al)

IMoon. asteroids

Cold Trap Characterization
[mpactor Series.

nager. dust detector. NIR and
1eutron spectrometers.

E Hawaii (Hermalyn
t al)

oon. asteroids. [Polar Crater Impact Environment fion spectrometer. plasma wave SFC (Farrell et al)
aras [mpactor Series. detector, UV spectrometer.
moon. Mars. Surface Geophysical Network  JGeophone network followed by odlﬁed by Clark
ercury with impactor(s). mpactor ‘om UND (Neal et
1)
oon. asteroids. [Surface Environmental Network. fphotometer. neutral/mobile ion JGSEC (Clark et al)
ars. Mercury nass spec. particle analyzers.
ields. dust, radiation detectors
Moon [arge aperture low frequency -adio astronomy receiver. SFC (MacDowall et
radio Surface Network. Solar 1ometer. deployable antennas jal) JPL (Lazio et al)

radio bursts. early universe
studies

oon. asteroids.
ars. Mercury

‘Noses’ on chips or wires. next

haracterization via mobile

Situ Surface/Sample
obotic/human deployables.

oncepts requnmo no

Source: NASA-GSFC

76



Al
A
15
OF RS INSY B
FOA FLIS ATRWES

&

s ERMENASADF

QARMAN : QubeSat for Aerothermodynamic Research and Measurements on AblatioN

QARMAN IOD Mission {esa

. Contractor: V aman institute (Belgium)

Atmospheric

on K

re-entry demonstrator

Low-Power
mode,
IRIDIUM
comm fost

th

Orbit T mon 3 months

Inpaction

3
days

K4V B2 ACubesatEtE|

Source: ESA
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£ INEREIEZE Cubesat (RUNNER) O T4k

UtahStatelniversity

® UtahStateUniversityh & 5tH (6UH A4 X) 3&’ NEA Rendezvous Scuence Phase 1

® FEKZEIIUSAFEDENYMNRNE R
RUNNER Spacecraft

Solar
Pancls

Ry & Tx
Antennas
Rx & Tx
| Antennas

Solar
Pancls
X Transmit
6L Spacceraft Antenna
Star Tracker ,
TOF Mass
umeger (nos) Spectrometer
Imager (far)

Microbolometers Ablation Laser
L B

Laser

Range Finder
L-3 Radio
Tx /Rx

Impact Boom

= Battery System
On-Board
Computer

ADCS System
L Power

& wheels
Management
Propellant
Tank uPPT Attitude
Thrusters

PPU =
Electronics Thruster and

pointing Gimbal

Do science:

Magnetometer
Accelerometer
Spectrometers and cameras
Impact Probe o

Accelerate
towards NEO

Source: Utah state university
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Progenitors

) Rensselaer

Deep Space One

ced lechnology tastbad demonstirated naw spacecraft
MS NCUANg lon propulss %0 aft control, and
mul:u reduce the use of ce Network through
Autonay and beacon mondonng

Hayabusa
Extensive use of aulonomous syst
proximity operations, including a ssmple collacbon o
Provded wealth of in-siu measurements

oms for nvagobon and
uchdown

Images courtesy of NASA

%) Rensselaer

Trajectory Determination

1

908 KG3 rendezvous rjeciory reported here constilutas proof of concept that low thrust
microsatellites will be able to rendezvous with asteroids that are nol optimal targets, and therefore
proves that low thrust microsateliite exploration of the NEO population is possible in general

e 1008 KG3 was selected, not because it is an 2asy targst, but msiead because it 1s difficult 1o reach

NEO-SPOC) A< o~

) &) Rensselaer
Propulsion

BHT-200 Hall effect thruster

e Flight proven design (TacSat-2, FalconSat-5)
e Compatible with iodine propeliant

lodine Propediant. Mass and volume savings
. 30% the volume of a comparable Xanon system
. Low pressure tank reduces tank mass
e Flow control through heating 10 Increase tank pressure

BHT-200

mage courteny of BLSEX

Tested Fuels Thrust [mN] ‘ 1,15l Power lnput [W] Mass [kg|

Xe, Ar Ke I Be. Zn, 100-300 23

Mz

12 (@ 200W) 1390 (@ 200W)

The NEO-SPOC Spacecraft & Rensselaer

Parameter | Design Criteria | Achleved Metrics
Dry Mass rasge W0ke 95k
Wit Maas range ks 3k
Deita V range 10 kaey 55 km/x SISO
Matumm Misroo - 365.25 dayx 1%dnyy
Duzatica
Muxmmm Distmee % 035 AU 013 AV
Esrth ot Rendesymus -
Macauran Teleweny 03 AU 03 AU
Range
Slincmien Telemetry 2000 Bps
Das Bate
Spacecrafl Con SIS = S0 o O

Z
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Microfi £ FH CubesatFH(1U~27U+)
KR 2 R ZE rhE A%t b ST
REA—rT5vhH 3300~43005 M |14005H 10005 M 3255 H
(/1a=wvhk) (1a=whk) (1a=whk) (/11=whk)
KR 12 KRS K% R 1> 3
J74avike—IL |[1650~40005F |250~6005H 200~2505M (4875 H
(/31=whk) (1a=whk) (1az=wh) (/13=yhk)
ADGCS K% R 1 2 T7IVht%¥
JGNCEE A 1L =wh ARGl 131~994%5 M |2000%5H 160~3305H
H=—=Y (/11=whk) (/1a=wh) (/1a=whk)
KR 72 KRS ZE Y QTRTaES KR 12 YRS 3
MIRbILA 1050~10615 M [110~1405H 165 M 96 5 205 M
(/31=whk) (/11=whk) (/1a=wyhk) (/331=wkhk) (/31=whk)
R 2 R 12 YRS YRS Y RTaES b ST
KB — 45~1005 M 1205 H 87~1477H 3350 26~437FH 605 M
(/1a1=whk) (/11=whk) (/1a=whk) (/1a=whk) (/11=whk) (/11=whk)
KR 2 KR Y QTRTaES KR 12 YRS 3
MEREILA 1050~10615 M (110~1405H 165M 965 M 205 M
(/31=whk) (/11=whk) (/1a=wyhk) (/331=whk) (/31=whk)

& FIREIXFEE.HSHLE. RERRNVFry—, BIFXEAFr—IZXL5ELE;
& EREDZVLEIITSARAE.,. EEODVLENEEFITSARIE
& FEBRIEGEE. JYURL LYFENDOT LIV ETRABTETEY . ZB84|#HaR—RUMNMID
WTIE, HEE 1=y ELTERFERIR, cNE, A—F—D W EE & (STT. RW, MTQ, #hBk+>
H—E) 8 RL. FIATERRENEINDDOH D,
® HEI=VrDSEIL, ERBEIIEK (A—H—POBEHE G LS EERE) T DA EENZ 2D
fu. CubesatfZ(+T4id{MicrosatF+ (BCT#LZE4)
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ECSS (BRM FHIREMR) Hig

o BRINICIZER I F A2 #1754 (ECSS : European Cooperation on Space Standardizaiton) M7EFEL. BRI £ & D
FHEINEMRITELIR —MEELLTHREETEDOTEY., BSALZNT LS XKITFRRZNIZROIDELHD,

- BMAIZTRDIORNIRDAVMIBATEIMU) =X T =TT ICETAEV) =X SR REEICRET
5QU)—XDZENHY . ECSSITBREITIZERIEEAFHALTLS,

o BRINTIXECSSTODIZEEZEM L L THRRIIZEFFIZELE L #4E (15O : International Organization for
Standardization) IR &9 ALV TERFENZ T EL TLVS, (http://ecss.nl/ )

ESCC(BXMFHEBRIA—T 12 —3a ) AT L

e EEEOVR—FUMIBELTIZESAZ L EL TR EN B AL TEELTWWAEMFERRI—T s r—a>
(ESCC: European Space Components Coordination) ¥ AT LD $H 5.

e ESCCURTLIXERMIZHT5FHAEEEERMIZZRSHERAE., REBARYIERBEFIEFDORKRE. SRmEHE
[CHRAFBIEZHOVATLTHY . QPL/QMLMNFEII SN TLNT, BIEDECSSHQU ) —X LG EABERER LA
MHERIN TS,

¢ ESCCORTLDI—IVIE. FEHEADHIREEER RO RAMMER LEShTEY . HaEm THOEALEDIERD
HTIFHL TFIZRIFANGNDF=ODARXDIEB R V) —FE2M LD EHELGEELBIELTLS,

e ESCCTILZE7=. QPL/QMLIZHNZ TFR M HELZER S ') A (EPPL: European Preferrerd Part List) HEESH THY . JAXA
FEEHEYAMIMA SN TS, ESCCEZ#E, QPL/QML R UEPPLIZE TWeb LIZTER TAFAIRETH D,
(https://escies.org)

ECSSIEavR— U bDEE-FRAIZERIZEWLTHY. ESCCILXIEEEaVR—R U MDERTE - =
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NASA-GEVSER TE st BR £ #E (GSFC-STD-7000A)
NASA-GEVS(Goddard Environmental Verification Specification)
NASASLZEGSFC-STD-7000AIF D AR RSN TLVS
FHEBGICHETAONASALED I SRR FEH - FREERBICOVWTEELEXE
https://snebulos.mit.edu/projects/reference/NASA-Generic/GSFC-STD-7000A.pdf
A %) XClyde Spacett &, NASA-GEVSERER - FFliZ 1T . Rt EP AN FH EAATICE AR EET
HHIEERAL ., 3T EEBATNICUSAFGE MO ERRERFEICHTILI=EHIHY .
COEREZDITUETH, BETIHZICIES ATEE, LML NASARREREZ VT LI-MED
TEEANDIERLRNILNELS

GSFC-STD-7000A
42212013
Supersedes
GSFC-STD-7000

GENERAL ENVIROCNMENTAL VERIFICATION STANDARD (GEVS)
For GSFC Flight Programs and Projects

Approved By

Originai Signed by Origing! Signed by
Cheaf Enginear Director of Applied Enginearing and
Goddard Space Flight Center Technology

Goddard Space Flight Canter

Original Signed by. Onginal Signed by
Diractor of Fight Projects Director of Safety and

Goddard Space Flight Center Mission Assurance
Goddard Space Flight Cantar

NASA GODDARD SPACE FLIGHT CENTER 83
Greenbell, Maryland 20771
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