these processes will

require observations made by a network of satellites
distributed within this domain. MC-praco will reveal
simultaneously for the first time both the global spatial
structures and the time variations of the magnetotail. It will
determine which phenomena are responses to solar wind
inputs and which occur as a result of internal instabilities. In
particular, it will reveal the locations and extents of the
instabilities that trigger the explosive release of solar wind
energy, mass, and momentum stored within the magnetotail,
how these entities are transported, and the means by which
magnetotail phenomena are propagated between regions and
to the auroral ionosphere.

http://stp.gsfc.nasa.gov

MC-DRACO, the logical outgrowth of a sequence of STP missions, will explore plasma transport and energy con-
version processes over a broad range of spatial sizes. Designed to be a “meso-/macroscope” for the magnetotail, it will
resolve persistent controversies and yield a new understanding on which to build a predictive science of next-genera-
tion magnetospheric meteorology.

Most important phenomena involve simultaneous variations in space and time. In some cases cases measurements at two locations will
provide unambiguous results. . . [IJt may be necessary to make simultaneous measurements at several hundred locations.—C.E. McIlwain

The Mag ne‘rosghenc Consfellohon I\/IlSSlon N

Dynamic Response and Coupling Observatory (brAco)

5 Conceptual
* How does the magnefofall : MHanosatellite

confrol energy fiow?

» What processes control
magneftotail structure and
dynamics?

* How do the physical processes
and regions couple over
the hierarchy of scales?




\GNETOSPHERI
(CONSTELLATION
nraco hopes to

answer these questions. It

is the Solar Terrestrial

Probe designed to under-

stand the nonlinear

dynamics, responses, and

connections within Earth’s .

: Single-spacecraft snapshot gives good information at a point in space and time. Single-spacecraft orbit gives good information, but
structured magnet()taﬂ' over a 3-day orbit that evolves through space over time. Constellation gives a dense set of data with time and spatial resolution
USil’lg a constellation of as adequate to resolve main global features of simulation (right). (Courtesy C.C. Goodrich.)

many as 100 distributed vector measurement spacecraft. MC-praco will reveal magnetotail processes operat-
ing within a specified domain, on spatial and time scales accessible to global circulation models.

N THE MAGNETOTAIL, global circulation of magnetic
L , I fields and plasmas responds to changing solar wind
* conditions. Impulsive localized flow bursts launch
and dissipate, powerful electrical currents form and
evolve abruptly, and magnetic energy is explosively con-
verted to particle energy. The fundamental plasma proc-
ess known as magnetic reconnection is thought to occur
during substorms and is more frequent during magneto-

Example of global auroral structure during significant magnetospheric

disturbance. Image acquired by Defense Meteorological Spacecraft spheric storms. Because of the magnetotail’s dynamic
Program spacecraft moving along relatively low Earth orbit, and is, . A
therefore, time-aliased. (Courtesy Air Force Research Laboratories.) and turbulent evolution, globally coherent pictures of

the system dynamics become lost in the “noise” of individual measurements. Despite over 30 years of research
with ever more sophisticated instrumentation on ever-evolving spacecraft, fundamental questions concerning
the dynamic response of the magnetotail remain unanswerable due to a lack of relevant measurements.

MC-praco wint use rapidly developing technologies Mouring tord T
X Band
to deploy a “constellation” of nanospacecraft. With epawin \g' Arteona
i .
o

resources of ~10-20 kg and 10 W apiece, 50-100
nanosatellites will be deployed in highly elliptical,
equatorial orbits with com-mon perigees of 3R _ and [ i 4 ~
apogees distributed from 7-40 R _, yielding mean . [—— So Ao )
interspacecraft separation of ~1-2 R .. The primary T i
science will be accomplished annually when the

constellation sweeps through the magnetotail. cpeton - Sl
Ancillary magnetospheric/ magnetosheath /solar ; e
wind science occur during the balance of each year. “ ;
With a design lifetime of 2 years, MC-DRrAcoO is sched- ' \"?'.;“:.“
uled for launch in 2012 or earlier, depending on the e
progress of miniaturization and mass manufacturabil- prme
Conceptual dispenser ship. ity of nanosatellites and their instrument payloads, Conceptual view of ST-5 satellite for

: 5 SRRy Magnetotail Constellation.
while preserving functionality. e
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NASA’s Vision

To improve life here,
To extend life to there,
To find life bevond.




NASA Mission

To understand and protect our; home planet
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* Long Term Climate

* Medium Term Climate
* Extreme Weather
* Ecosystems & Carbon Cycle

'+ Solid Earth & Natural Hazards | @4
&

* Sun/Earth Interaction

— Over 290 agreements with approx. 60 different countries |
— International research programs with multilateral
o'xganizatipqs such as FAO, UNEP, WMO, WHO and CCAD

i [ USDA
— Joint weather satellite programs with NOAA & DoD = :
— Landsat with DOI/USGS .
— Research and applications with USDA, DOT, NSF, FEMA,

USFS .

— US Global Change Research Program
B , el

— Associations of states, counties and cities e

— Consortia of local governments and universities

— Traditional industrial partnerships I“
— Purchases of commercial data poan oy
— Targeted advanced technology collaborations




- Obuwatlonaf Knyﬁarth System Interactions
'@ ;

~ SeaWinds

. —Exploration of Specific Earth System Processes
and Parameters and Demonstration of Technology

Cloudsat

EO-1 CALIPSO " Triana

%3
Optical @m from : %
m nstrates

LEO to GEO RF Comi
Ka-band in space
Technology significantly improves spatial/spectral
resolution & temporal coverage for science missions

Flight validations enable atmospheric chemistry, Distributed plc!foms will {”d o %enqor webs 5
‘aerosols & winds science missions for ocean & atmospheric science missions

Earth Sci rterprise
- e m e - Jmp’ e




@
+ Increased Technical Complexity
* Multiple Spacecraft Missions
* Reconfigurable Sensing
* New Areas of Scientific Emphasis

* Increased RelianceonParhmeuhipl .
L) NewDemandsonlndushy

CON-X

* High Sensitivity Detector Systems
* Large Aperture Space Observatories

* Flight and Scientific Information Systems

* Distributed Observing Systems/Constellations

Rsa . P ...
NASA Guidance, Navigation & Control Division

.y T o (GN&(Q) - :

~Vision
Weareghe premier GN& Corganization
providing .iIle«;fari\"c' solutions that help
revolidionize Eagth aind Space science missions

] . - Mission .
Enable Earth and Space Science Missionsey:
o Providing GN& CeApplicd fngineering
o “Leading GNK&(




. jects subsystem engineeri
+Conceptual Design Leadership
«Satellite Re-entry/Orbit Debris
*WFF GN&C Systems:

~Advanced Propulsion Systems Development
*Spacecraft Propulsion Engineering
*Plume & Residual Gas Analyses

*Ultra Long Duration Balloon & Sounding Rockets

: /]
sAttitude & Trajectory Analysis
+Control System & Autonomous Systems Design
*Dynamics analysis
*Formation Flying & Constellation Analytic Techniques
*Mission Design

eAdvanced Sensor & Actuator Development
+*GN&C Hardware Systems

*Hybrid Dynamic Simulator Systems
«Component Ground Support Equipment (GSE)
«Formation Flying Testbed & On-Orbit Testbeds

815 Spartan

Space Station

The GN&C Center’s in-depth experience make them capable of developing
and supporting the Whole Spectrum of GN&C Systems
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GPS uwmte navigation is a

13 GPS
Satellites
Acquited by
Recoiver

technology that provides potential
low-cost autonomous umlite navi

* GPS Enhanced Orbit Navigation System
(GEONS) flight software provides a
factor of 15 improvement in position o3
accuracy over point solution.

Position Error (meters)

Instantaneous

TOPEX Satellite

Point
Solution

| GEoDE
10 15 20 25 Solution

Time (Hours)

| GEODE imp

position 'y by a factor of 15

flying applications.

Grs algorithms, softmre, muivu hardware, -
and simulators must be cnhueed to broaden
the mission scope to include all mr-Earth

to support relative navigation for formation

... T"Main lobe

GPS orbits___
. p:S

> \'-‘I\\Au degrees (L1)
/" LEO (below

3000 km)

=" ~First side lobe

GPS, Crosslink ., and
Doppler Measurements

GPS SV

Ground  -Station i -
Satellite Doppler

Low to Very High Earth Orbits (0.g. MMS)

Sun Earth Libration  Point Orbits
(6.9. Consteliation X, NGST)

measurements 5 o &

Celestial Object, Crosslink

and Doppler Measurements




Interferometry

- ,e‘..
Interferometric
Space Antennas

ulti-point

observation Tethered

Interferometry

A new era of space exploration will be enabled
by cooperating fleets of (small) spacecraft

nhsa l.andsat-7 / Earth Observer-1
Co-observing Program

- o “\
1_\‘?\

. “ Demonstrates a cross-calibration of
Farth observing instruments and
GN&C formation flving techniques

Landsat-7 Launch. July 1999

Earth Obscerver-1 launchy November 2000

I'wo satelhites v i along-track formation

Farth Observer-1 thies over same ground

track as Landsat-7

Nominal T-minute 4/- 6 second spacecralt separation

(450km along-track separation)




* 3 spacecraft se 5,000,000 km form
A il 7 e gt erometer’ %

to observe %-avnauonal waves ina10* to 10!
Hz bandwi -

. Each spacecraft payload includes two freely
alling proof massés which serve as arm “
mlrror optical references

* Test masses must be free of Earth gravitational
forces (geodesically pure)

* Gravitational waves cause change in optical
piahqelr in one arm of mberferometer relative to

arm
* Distance chanﬁtmeasured with picometer
;darecisx&n_lto gravitational wave strains
own

¢ Disturbance Reduction System (DRS) uses
roof mass displacement sensor outputs to
ive low-noise micro-Newton thrusters for
‘drag-free’ system operation

» Performance improvement of 100,000,000

&

Proof Mass position/rotation outputs

Thruster
Commands
Spacecraft Attitude
and Translational
Control Flight Software

Gravitational
Referencz Sensor : Processor Micro-Newton
| st x Micro-Colloidal
Stanford University) : :
(Stanford Un vers ty) o

(Busek Technology)




Unified Orbit/Attitude Control |

Monopropeliant

v

Nz
A fully integrated high torque
wheel in a small package

\

: Thrust: 10-500 uN
1 Specific impulse: 160s

G » e
2 watts, 11b Tiaks ? \ xokad
- - - Microthruster

15 arc-min accuracy
6 arc-min resolution T
‘, (N
(APS) Star Tracker
Impulse > 60 sec
Thrust range:
2.IN @ 2000psia
Low-cost, low power t0 0.IN @ 100psia
spaceborne receiver with
MEMS Inertial Sensors with broad Micro-GN&C
< 10 deg/hr bias drift rate functionality

spocecratt #1
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vhsa NASA ESE Vision

e Partners

Prediction Svstem * NASA

’ * DoD
' | ) * Other Govt
()/ //1( / UILTC i : ¢ Commercial

¢ International

* Advanced Sensors > -« e Collaborating
i Observing

. ) )
Modeling - Network
* Access to
Knowledge

G

Value Added .
i s Providers & User |
Forecasts & Predictions Community

4

MEMS
Monopropellant
Th

Pnlud?hma‘nnrnmr-

- lntegrafed Reaction Wheels ; oF
> electromagnetic = -
& propulsion \ .
il = ¥ :
TN

o¥:.

a

Low mass, low cost, ISP >1000 s
and impulses as small as 10 uN-s

8 Impulse > 60 sec Thrust: 10-500 uN
« A fully integrated high torque Thrust range: Specific impulse: 160s
g reaction wheel in a small package 2.IN @ 2000psia 16x16cm, 250g,
; 12 to 0.1N @ 100psia time const < 60min
< : e
Q0%
2000
:
uNavigator
é /‘;
e
\#’
2x2x2 inch cube
0.1 deg attitude accuracy
50 m position accuracy

13



+1 cm /%1 arcmin

Distributed Spacecraft Systems/T:

Honeywell/Trimble/Collins/GSFC
Space Integrated GPS/INS (SIGI)

Low Power
Transceiver/GEODE
Flight Experiment

GPS Receiver Development

Slqpmcant improvements in
space-based interferometery

Enables extensive
multi-point observing

Enables autonomous
co-observing programs

replace complex platforms w/
simple s/c in formation

Eliminates inter-instrument
systems issues

Evolving virtual infrastructure
permits adaptation & evolution

14



o( m’u'.uy lm‘d 10
Orbital Sciences Corporation
and Ball Aerospace

«Infused into ITT Low Power
Transceiver and GSFC PiVoT]|
GPS receiver

GPS, Crosslink, and
Doppler Measurements
GPS SV

GPS SV
GPS SV 4

L eps
" measurements

Celestial Object, Crosslink,
and Doppler Measurements

Crosslink

‘Sun-Earth Libration Point Orbits
(6.5 Constollation X, NGST)

Ground-Station-to-
Satellite Doppler
moasurements

* Transferred to Air Force

Estimation Span
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