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Discovery of the Solar Wind

February 26, 2019

Parker (1958): hydrodynamic theory of the expanding solar corona
Prediction of a supersonic flow from the Sun toward the interplanetary medium

Neugebauer & Snyder, Science, 138, 1095 (1962)
Solar Plasma Experiment

Abstract. A preliminary summary of the
data received from the Mariner II solar
plasma experiment for the period 29
August through 31 October 1962 is pre-
sented. During this period there was always
a measurable flow of plasma from the di-
rection of the sun. The velocity of this
ion motion was generally in the range
400 to 700 km/sec. Time variations, plas-
ma density, and ion t¢mperatures are also
discussed.
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~\y// Critical

Point

Indisputable evidence of the
existence of the predicted
supersonic flow, i.e., the
“SOLAR WIND”

s

Start of a new era of
heliospheric research
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We are PARKER SOLAR PROBE!
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A Mission to Touch fhe=
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Parker Solar Probe Science

= Parker Solar Probe will study how energy flows out
of the Sun, why the solar corona is so hot, and what
makes the solar wind go so fast.

- Trace the flow of energy that heats and accelerates
the solar corona and solar wind.

. . .
02 100 102

1
height above photosphere (RO)

- Determine the structure and dynamics of the

plasma and magnetic fields at the sources of the
solar wind.

- Explore mechanisms that accelerate and transport
energetic particles.

MeV/nucleon
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Launch and Mission Designh Overview

Launch
= Aug 12,2018 at 3:31a.m. EDT (7:31 UTC) , e
= Max. Launch C3: 154 km?2/s? Uity Y L
= Delta IV-Heavy with Upper Stage
= From NASA’s Kennedy Space Center

Trajectory Design ok B , | \__N b |
= 24 Orbits 8 1 Vel \ =~ R‘x /-
= 7 Venus gravity assist flybys e e /
= Orbit period: 168-88 days

Mission duration: 7 years

Venus Flyby #1 AN e p
" l"‘gk “Earth
I §
First Min Perihelion
at 8.88 R,

« Launch: August 12, 2018 at 3.31 a.m. EDT (7:31 UTC)

» Venus Flyby: Oct. 3, 2018 at 4:44 am. EDT (08:44 UTC)
« First Perihelion: Mov. 5, 2018 at 10:27 p.m. EST (Nov. 8, 2018 at

03:27 UTC)
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" Credit: NASA/BIll Ingalls

Credit: NASA/JI)hng Hopkins
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Mission Trajectory and Current-Position -

WenLe
Heliocentric Velocity (km/s): 26.89

Distance from Sun Center (AL): 0.761

Distance from Sun's Surface (Rg): 162.7

Distance from Earth (ALI): 1.736

Round-Trip Light Time (hh:mm:ss): 00:28:53

26 Feb 2019 20:00:00 UTC I Credit: PSP Mission Design Team
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Mission Design Chald>
. L = Q& - ol

Solar Orbits and Solar Distances 5_/;5&; e
. ?, 4}4

orit# | 1 | 2 | 3 | 4 |5 | 6|7 8|9 |11 12131415 16|17 18|19 2021|2223 |24
Period (d)| 168 | 150 | 150 | 140 | 121 | 112 |107 102|102 ] 10| 96 | 96 | 96 | 96 | 96 | 96 | 96 |92 | 92 |92 |67 |88 | 88 |88

Parker Solar Probe Distance from Sun

Distance fram Sun's Surface (Rg)

10030 1 S0 2000 2500

Days from Launch Credit: PSP Mission Design Team

= 24 solar orbits, providing abundant opportunities for science investigations in the near Sun region

* Frequent visits of the Sun 3 to 4 times per year
= Perihelion gradually decreased to min solar distance of 0.04587 AU (9.86 Rg)
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'PSP is Small and Fast! *

= Parker Solar Probe launched on the most powerful
rocket available in 2018 yet needs to be very light
and compact to reach the sun

685 kg max launch wet mass
S/C height: 3 m

TPS max diameter: 2.3 m

S/C bus diameter: 1 m

C-C Thermal protection system

Hexagonal bus configuration

Actively cooled solar arrays

Wheels for attitude control

Credit: NASA/Johns Ho
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Thermal Protection System Assembly

At closest approach, the front
the heat shield will be at 1,400°C
(2500 °F), but the payload will be
near room temperature

— @/ @ JOHNS HOPKINS
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Solar Array Development

= Solar Array is unique: liquid cooled, operates under extreme solar flux.
375—' L .
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Full Sized Solar Array in Heliostat Heliostat
Vacuum Chamber
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FIELDS

Pl: Stuart Bale (UC Berkeley)

FIELDS will measure electric and magnetic fields and waves, Poynting flux, absolute plasma density and density
fluctuations, electron temperature, spacecraft floating potential, and radio emissions.

6 .
10 54 Rs Turbulent Spectrum
/" - Five voltage sensors
e o V1-V4 electri t
104 10 Rs Turbulent Spectrum Shocks i electric antennas / - Two Fluxgate magnetometers
/\ // - One search-coil magnetometer
r - Main Electronics Package
Reconnection Magnetic Fields _ / 8
102 _ L ﬁ',j"“ /
= 7
)
b
5 10°A -
74}
~o z-mode
= .
1072+ - ‘ ,
1 Fluxgate MAG Noise Level Type III - _
. / Radio Emission _
107 1 - 3
LF SCM Noise Level /
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1074 1072 10° 102 10* 108
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Bale, S. D, et al., “The FIELDS Instrument Suite for Solar Probe Plus ... ,” Space Science
Reviews, 204, 49, 2016
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FIELDS
Boom Deployment & Type Il Burst

PSP /FIELDS MAGO

1200 10°
) @
1000 1 e9 N =
2085 £
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Z 10°
-200 ,
Seconds 30 40 50 00 T T
2018 Aug 13 1718 1719 EBTgmsep 05 0020 0030 0040
Measured magnetic fields as the boom swings First PSP Type-Ill radio burst
away from PSP from a solar flare
First science measurement ever by Parker Solar Probe
@’ JOHNS HOPKINS
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Solar Wind Electrons Alphas and Protons (SWEAP) Investigation

PI: Justin Kasper (Univ. Michigan/SAO)

Perihelion Time= 0.0 Days Dist= 9.5Rs
"4DD - - " av vy - o T ¥ ¥ P . . - ]
o Wews-218, -1, 0] kmis

-200 | | N i
SWEAP will measure velocity
distributions (velocity,
density, & temperature) of
electrons, protons, alphas,
(and heavy ions).

Vy (km/s)

0o 500 1000

Vi (kmfs)
Perihelion TirnE:=-3.ID_ Days Dist= 33.4&5.
-400 Vew=[-352, -1.I:I|r1cr=1."s
-200 = Vsc=] 72, 48, 0] ks
Kasper, J. C., et al., “Solar Wind o /AN
Electrons Alphas and Protons £ ool %
(SWEAP) Investigation ..., 2 o '
Space Science Reviews, 204, '
131, 2016 600
71 ) N T T Sl S
0 -500 -1000
Vx (kmis)
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SWEAP

Unexpected Signature of the Slow Solar Wind

Current
PSP/SWEAP/SPC, Coltector Plate A (pA)
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Integrated Science Investigation of the Sun (ISCIS)

Pl: David McComas (Princeton University)

ISOIS will measure energetic electrons, protons and heavy ions within the energy range
10s of keV to 100 MeV and correlates them with solar wind and coronal structures.

—Flare-accelerated SEPs e gt 5l s
. . - .+ = ~—Suprathermal Seeds .

ISIS
Bracket

© .+ " Shock-accélerated SEPs—" .

"' Waves & ;Furbu-lerice'—""’f = EPI-Hi LET?2

McComas, D. J., et al., “Integrated Science Investigation of the Sun (IS@IS): Design of the
Energetic Particle Investigation,” Space Science Reviews, 204, 187, 2016
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Deposited_Energy_in_keV
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583207 counts

$1UN0?

102 103 104

Deposited_AntiEnergy_in_keV
'article Energy Raw Event570x4cb PERI
001 00:01:07.000 - 2060 001 00:00:

EPI-Lo: background cosmic rays

EPI-Hi: hydrogen and helium particles
from the lower-energy telescopes

GSAW - Parker Solar Probe Mission Briefing — Eric Melin

EPI-Hi

LET2

Parker ISOIS/EPI-Hi First Light

Total LOA Energy (MeV)
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Wide-Field Imager for Solar Probe Plus (WISPR)

Pl: Russ Howard (NRL)

WISPR Wi" image Of the SOIar Wind, CMES, Inner Te|escope
shocks and other structures as they approach
and pass the spacecraft.

Vourlidas, A., et al., “The Wide-Field
Imager for Solar Probe Plus

(WISPR),” Space Science Reviews,
204, 83, 2016

)
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Wide-Field Imager for Solar Probe Plus (WISPR)
PI: Russ Howard (NRL) "
Sty P '

WISPR will image of the solar wind, CMEs, shocks and
other structures as they approach and pass the spacecraft.

Inner Telescope
QOuter Telescope

First WISPR images after the door deployment

Inner Telescope: Star field (right) — The bright object is
Jupiter

Outer Telescope: Milky Way (left)
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Parker Solar Probe Looks Back at Home %
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*—_ Primary

Section

<—__Secondary
Section

February 26, 2019
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= TPS must be pointed at the sun at most solar distances!
» Non-TPS components expect near room temperature and will not survive

» Requirement to restore attitude and wing angle control within § seconds
of a processor reset!

= Design Impacts:

= There is no safe mode without autonomous pointing and power
management

= Extensive on board G&C and autonomy fault handling required
» Most spacecraft components are redundant

= Mission is single fault tolerant wherever possible

= A flight processor reset is not a failure!

= 3 active processors so one can fail and the other two can satisfy
attitude control requirement from a processor reset

* Processor memory must be managed for all processors
» Spacecraft power and heat must be maintained within

acceptable limits
= Autonomous closed-loop solar array control

@/ JOHNS HOPKINS
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Key Mission Characteristics — Highly Constrained

Spacecraft Attitude

= Attitude changes are infrequent
= No intensive pointing campaigns
= Enables decoupled payload commanding approach

= Attitude constraints result in significant periods of
very low uplink and downlink rates

= Uplink from 7.8125 bps to 2000 bps
= Downlink rates from 10bps, to 555 kbps

= Beacon tone (2 bits of health information in 30
minute reception window)

= Many occurrences of low uplink and high
downlink such as (31.25 bps uplink with
downlink of 30kbps - 150kbps)

= Downlink constrained by Solar distance and Sun-
Spacecraft-Earth angle

= Software developed to take advantage of all Ka
band science downlink periods including
aggressive rate stepping

February 26, 2019
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f i N [l 0
Aphelion Aphelion Umbra Encounter
Super Aphelion Variable +X toward ram

Spacecraft Pointing orientation viewed from sun

Perinelion +7 +7
+Z (TPS)to Sun

—_—
Orbital Velocity +Y
“S(Ram)

+X out of page

2H svinto page

Arrays “tucked"” beside spacecraft bus

Aphelion
Sun 45° between +Z and -X

Orbital Velocity
+Y into page (Ram)

Arrays fully extended beyond +X into page
spacecraft bus Sun out of page at 45° angle

@’ JOHNS HOPKINS
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TCMs and Communication

Opportunities

spp_nom_20180812_20250831_v034 RO1_TCM1 0.79AU 0.70AU 0.70AU 0.79AU
A aeioyl tes1 g2 iy3 oagd @ L3055 fo17g> , 201811106 . %25376 |
I | | Ermre= T
2019-_0120 l | 1 PL]I‘::I"‘.fIfI 0513'
CZ)UI;EIC::Gi : l 2019.;09;:1 ‘ §3}3'3
Gt s e
2019-1115 2019 9 Zﬁlg 10 J Dl 2020, 202010120 2020 ]12
Orbit 4 1208 21 YV @ [122 0110' 0,01 | | EEGER
| |
gone : : é?%?vl‘i p3 3 é-?z?Fw
Orbit 6 | ‘ : | _}_
| | |
o | HEyle o, Ayl7 Biyls @4l | iyl
T
|
Orbit 8 | | .292‘_!.“!29 Sgﬂvzo ‘
| Tl o
S S J zozillclm syl ‘ ssiy??
- 202123 g 5 20 Seting 2021054
2021-0930 1011' ®-: 202111121 1211y |
T e e =i -
|
2022-0108 202210225 2022 25
Orbit 11 == ' . =¥ ' =
j [ty |
Ozfjutﬂil'j 2022} 0601 3220'26 |
roi = _ = -
2022-0720 20220906 2022
Orbit 13 s { W ) ld | -
s L g T | I
O 1 S 1Ry29 sl
ror - : # -
2023-0505 : s 0231062 2023 31
X 060?‘ jECOeg e | 003
Orbit 16 = | mar |
2023-0809 32 @ 62023 TS 202333
Orbit 17 csml ﬁ 0821 | ::: 1014' i
HGA Access 2023-1113 ; §8§i‘ zonsl_ﬁzg I Bl |
wemm Fanbeam Access Orbit 18 { R e s | 1
LGA Access 2024.0213 20240330 5211'35
Orbit 19 [ : |
[111] SEP < 3° O?‘Eﬁ:uilos | ?,2%“‘ 2024,0630 | |
LR L Bty e @iy38 Wy @73
m— TPS Blockage Orbit 21 : s L
—— No Access B Tl’%gv‘m 202400224 | osiyAL
AT ETTRETT
L _1<025AU 2025-0206 202510322 5352‘423
Y Tom OMDIT 23 11111]]1 | m s, et
’ 2025 0618
@ Venus Flyby Orbit 24 e .
p—80d p-70d p-60d p—=50d p-40d p-30d p=-20d p-10d peri p+10d p+20d p+30d p+40d p+50d p+60d p+70d

Credit: PSP Mission Design Team

February 26, 2019

GSAW - Parker Solar Probe Mission Briefing — Eric Melin

JOHNS HOPKINS

APPLIED PHYSICS LABORATORY

29



Key Mission Characteristics — Coordinated Decoupled

Commanding

Decoupled

SOCs command their own instruments via bent-pipe
command file uplink using CFDP

Instrument commands are not accessible by MOC and not
in spacecraft time-tagged sequences

SOCs monitor their instrument health and status

Instruments must support recovering from being powered
on/off at any time especially during encounter

Coordinated

February 26, 2019

Mission Operations manage instrument power on/off
states (insufficient power for instruments and high gain
antenna during science downlink)

MOC and SOCs coordinate uplink periods to ensure timely
delivery

Instrument Command files can be uplinked while the
instrument is powered off

Some instruments have addition SSR and need to choose
which data can be downlinked based on quick look.

Transfer from Instrument SSR to spacecraft SSR must be
scheduled and commanded by SOCs

SPP Spacecraft

Instrument
Commands

SOC

from ISCF File TC frames
Instruments = C&DH - Transponder N
MOC
ISCF is in accepted or
rejected directory with failure reason
- -

SFTP

Instrument Supplemented

» >

Command Files (ISCF)

GSAW - Parker Solar Probe Mission Briefing — Eric Melin

Firewall &

Secure

Extensions

MOC Server

Shell
encryption

CFDP PDUs sent inside
CLTUs via Space Link

Ground Station Link

CCSDS Command

\ Link Transmission

2 kbps Max
kkUpIink Rate

DSN Ground
Station

@’ JOHNS HOPKINS
APPLIED PHYSICS LABORATORY 30



Key Mission.Characteristics — Prioritized CFDP Downlink

» Mission has 10 priority levels of file
recording priorities

= Automated file playback of recorded data SPP Spacecraf
in priority order — o
= Top priorities are spacecraft and instruments T I | 2>
instru ment health Packetg o ggiie?; o are:jgg:ﬁc.a"y (S;?C)Stu’:d
= SOCs prioritize science data between
teams at different priority levels
= Lowest level priority is contingency
spacecraft health data that will nominally Moo
never be downlinked i Han%zﬁ:king : Tefay ‘ SFTP Transfer‘ soc
= CFDP provides guaranteed complete e T
delivery of files
@/ JOHNS HOPKINS
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CONOPS Overview

Solar Encounter Period
(inside 0.25 A.U.)

7 0.25AU. 24 Solar Encounter Orbits

Orbital Periods Vary (168 days to 88 days)

Cruise/Science Downlink Period
(outside 0.25 A.U.)

(10-11 Days)

Solar Encounter Period Cruise/Science Downlink Period
Encounter Operations Science Downlink Operations
= All instruments powered off
* Primary science data collection phase - All = HGA for communications (Ka-Band, Science & HK data)
instruments will be powered on = Commanding as needed to support spacecraft maintenance
F o = Spacecraft Attitude Changes as needed
* Fanbeam/LGA antenna for communications .

(beacon tones) for monitoring H&S SERIHEDEELE SRR e (a0 1715

Doppler data to support navigation Cruise Operations

= Minimal commanding expected (if any) * [Instruments Can Be Powered On (Sun Distance < 0.82 AU)
= [Instruments off during some activities

Fanbeam for communications (X-Band, H/K data only)

Commanding as needed to support spacecraft & instruments

Spacecraft Attitude Changes as needed

SSR Playbacks Supported but not ideal (Low Rate)

@/ JOHNS HOPKINS
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= G&C Maintains shade-to-sun attitude
(Encounter Attitude)

= No SSR Playbacks

February 26, 2019 GSAW - Parker Solar Probe Mission Briefing — Eric Melin



PSP Ground Software Context

Testbeds / Ground
HIL Simulators Support
Front End Equipment C
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PSP MOC Data Products

February 26, 2019

MOC Data Product Sources

B flight data

I planning data

I navigation data

ASSESSMENT

l Command History Report
l P/L Cmd History Report
l Event History Report

l File Activity Report

l Anomaly History Report
B /L Telem Alarm Notice
l Level O RT Telemetry

l SSR Telemetry Files

l Span Report

l Gap Report

l Archive Change Report
l Weekly MOC Status

B s/cC Telem Dictionary

l GND Telem Dictionary

l SSR Raw Directory File

l SSR Directory Listings

l Att Hist Report

l Ops SCLK Kernel

l Time History File

l MET Register History File

MOC PLANNING

B contact Plan

I DSN Keyword File (DKF)

P s/c Activity Schedule File

B orbit Activity File

P Att Metakernel

B Leap Second Kernel

l Frame Kernel (FK)

l Planetary Constants Kernel (PCK)

MD/NAV
l Planetary Ephem
B pPredicted S/C Ephem
B Mission S/C Ephem
B Reconstructed S/C Ephem
B Ephem Metakernel
l NAV Tracking Requests
B VD Events File
B MD DataFile
B MD Access File

l Maneuver Parameter File

SOC

B Weekly P/L Status
B p/L Activity Schedule File

DSN
I DSN Schedule File

ENG

B Power Load Report

l Solar Array Ops Report

l RF Activity Report

l Link Availability Report

B Maneuver Command File
B Estimated MINVR Error Rpt
B small Forces File History
B small Forces File Predict
B Att Short Term Predict

B Att Long Term Predict

GSAW - Parker Solar Probe Mission Briefing — Eric Melin
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Ground Software Heritage

1990s 2000s 2010s
One-Off Systems Common Ground Mission / System
Architecture Independent

\ / K / K Architecture /

February 26, 2019 GSAW - Parker Solar Probe Mission Briefing — Eric Melin
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Mission./ System Independent Architecture

Mm, ) ﬁﬁl &-J'S; ?ﬁ = PSP Ground Software consists of 85
Ission evelopment =i a
Operations Teams ~ Engneerng - Processing Computer Software Components (CSC)s

= ~40 CSCs are on-line applications running
with an L-3 InControl-NG Commanding and
MIGS telemetry system

Mission Specific Software . Most CSCS are java applications that run in
@ separate JVM processes or application server
Telemetry CSCI Assessment CSCI

MIGS Software Components
(Commanding, Telemetry, Planning, Assessment, Tools, Infrastructure)

» Remainder are off-line planning or
assessment applications

and

COTS/GOTS Commanding and Telemetry Core Configuration Telemetry ] ] ]
Data Store = Code is shared across missions and used
. . with mission specific configuration
Operating System (Linux)
Hardware (CPU, memory, storage)
. v

@’ JOHNS HOPKINS
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Ground Software MOC Configurations

The same set of software is used in each configuration

= Mini-MOC / Hardware-In-The-Loop Simulator

Supports local test of a spacecraft processor subsystem and avionics
via a single computer

Provides primary user interface for the testbed (commanding and
telemetry)

Local archive

= |&T MOC

Supports spacecraft I&T, allowing users to send commands to and
receive telemetry from the spacecraft under test and GSE

Central archive in the OPS DMZ

Other users may view status and telemetry information simultaneously
from client workstations connected to controlling I&T MOC workstation
and in the OPS DMZ

= Flight MOC

February 26, 2019

Supports mission simulations, launch and operations, including via
ground stations

Central archive in the OPS DMZ

Other users may view status and telemetry information simultaneously
from client workstations connected to controlling Flight MOC
workstation and in the OPS DMZ

Mini-MOC

TestbedJ

Avionics

BES D

DMZ Clients

L

=

Command Clients

Server

OPS DMZ

Command
Network

-

Front end

1&T MOC

BE

DMZ Clients

¥

=k

Command Clients

OPS DMZ

Command
Network

DSN
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Ground System Architecture

4 PSP Pre-Launch Ground System Architecture N ; 5
»e Intemet Sg-eeeemeeens
........... 'O !
* _ = Most ground software systems run Redhat EL7
SSC Space US (formerly known as USN) will also be used at launch V
APL H H H
Y4 JHU/APL MOC (Bldg 21) :Telemeumwﬂ E"OC e - _i%’%s Firewall = Many systems are Virtual Machine instances
0 0 . Flight SOCs =
) || ocomasever  socriepmeper | (Isolation DMZT AR g B = Systems are automatically backed up and meet
v [ 0 1= ‘_ | Database Server Assessment Server _HIL Front Ends_ 1SOIS NASA IT Securlty requlrements
,[ Eqsilpsrr,:lent] A Cﬁs\z{\-_ﬂ 11x17 [FEiIe Transfer Serve[r] [EPIanning Server VoS Y (&) | | T e .
5 Backp Server  Wyse term) oy (Bidg 4) e WSS WISPR = Spare hardware is ready to recover from any
ﬁig Restricted [ONet Switch )~ »( OpsDMZ Dl Ome |lEmEl | | | B O3 hardware failure
- = [ R
- h .—|E [ﬁﬂ M.M W o FIELDS . . . .
: a = GLOC SW Simult RN I I I = Mission has a longevity plan that includes
[Tvm_] e B = q.ems(zs) [y [l replacing computers as they go out of warranty
PCs (8)
(___sprer  InstrumentDMZ __ressocs At peak development:

» 10 Mini-Moc Systems paired with testbeds

\ j \ JPL Nav at APL priner  1S0IS WISPR  FIELDS SWEAV

» 10 Operational Planning/Assessment
) Servers
= 25 operational client systems (mostl
me——s L[
,,,,,, oy S S o telemetry viewers)
Spare Servers (7) -
» 3 OPS Commanding systems
Field Site (@ APL, GSFC, KSC) ( _ Admin Net §( ........................................... - 2 I&T Commanding Systems
Field IONet Switch . .
Bt ) @ﬂ“§ = 6 script / page development Mini-Mocs
E @_‘E‘ Primary Server PCS Y Room and
= [ e = 20 ground software development and test
B Gl ewene = v systems
) ) Trsatcal{er : Cglor -ﬂl 11x17 Cl(;|OT Printer
H el R . Y
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NASA Deep Space Network (DSN) Interfaces

= PSP is the first of the Mission/Architecture Independent
Software Missions to interact with the DSN.

= APL developed gateway to InControl-NG using C++ library
from JPL for Commanding, telemetry, and beacon tone

= APL developed DKF, IDR, and Monitor data interfaces

= DSN Interfaces
= Space Link Extension Blue Book 2010 CLTU Service
= Space Link Extension Blue Book 2010 RAF Service
= 0233-Telecomm Return Beacon Tone Service
= 0223-Comm-Web - Internet IDR file delivery of Telemetry

Credit NASA Deep Spaece Network: Frames

https://deepspace.jpl.nasa.gov/assets/images/gallery/canberra4.jpg > .
= 0158-MON — DSN station monitor data

= DSN Keyword File for station configuration

= DSN schedule retrieval from spsweb

@’ JOHNS HOPKINS
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CCSDS File Delivery Protocol (CFDP) Uplink

= PSP is the first JHU/APL mission to use CFDP for reliable
commanding

= PSP command files contain a series of binary CCSDS TC
packets.

* Provides recovery from a dropped command to a deep space
spacecraft more efficiently than COP-1 or COP-1 Lite used on
previous APL missions

= Enables commanding file delivery to continue across contacts

= Saves uplink bandwidth for command loads going to multiple
processors via onboard file copy

= Allows instrument command files to be uplinked while
instrument is powered off and later delivered when powered on

February 26, 2019 GSAW - Parker Solar Probe Mission Briefing — Eric Melin

Sender

)

Transaction initiated

Retransmit Data

Complete File Sent

Transaction
Complete

~~

e

Receiver

)

Transaction initiated
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= Modern web application used to plan,
schedule, visualize, and communicate
spacecraft and ground activities

Generates spacecraft command loads
Handles RF configuration and rate

Activity Planner

stepping activities

enerates DSN Keyword file to configure

= | SPP: Eliipse View

Orbit:

<

1(2018:224 - 2019:020)

Go

Week: 24 (2019:014 - 2019:020) -

=|sprp

: Contact Planning |

Go  Day: [Mon (2015:014) -

Date: <<

Go

|

- Time Type @) GUTO) sc1@® GRTE) Activity @) Label @) State@) Comments €) Dur. @) Re-Sync @)
ro u n e u I m e n 2018:32300:00.00 Orbit Segment Start 0153 Cruise thiough End of Science Downlink
il 2018344001137 2018344002500 CDH SSR Playback Start CDH SSR Playback Start o 0000115
2018344082136 2018:344 083500 [SOA SOA DSS55 SOA 0000000
6D 2018344083500 2018.344 08:45.24 [DSN Connections DSN Connections 0SS 55 0.00:00.00
™ 2018344095035 2018344 10.04:00 KA-Band Rate Step KA-Band Rate Step o 0000003
L] 2018344095135 2018344 100500 |COLD HO IN KA COLD HO INKA DSS 55 Cold Handover Point for Incoming KA-BAND C._._0.00:00.00
] P rov I d e S c o n S t ra I n t c h e c k I n b e tW e e n 2018344005135 2018:344 100500 _|BOT (Handover) BOT (Handover) DSS 55 BOT for Handover Contact 0.00:00.00
2018348005135 2016:34410,0500 _|Ka-Band Telemetry Rafe Change _ Ka-Band Telemetry Rato Ghange |- Upink=125 Obps, Downink=18656 72bps 0.00:00:00
™ 2018344095635 2018344 10.10.00  CDH SSR Playback Start CDH SSR Playback Start ) 0000115
= | sPP: Graphical Timeline | Date: << | < [0 | > > B L 2018344103230 2018:344 104555 |KA,Bam Rate Step KA Band Rate Step 0 0000003
= - n . 2018344 10:32.35 2018344 104600 _[Ka-Band Telemetry Rate Change  Ka-Band Telemetry Rate Change [IMININ R- Uplink=125 Obps; Downlink=30120 48bps 0.00:00:00
a ct I VItIes SRR ERCE = RT 2018:344 10:25:00 2018344103825  2018:3441051:50 [CDH CLT Update UTC CDH CLT Update UTC DSS 55 0.00:12:00
§ 0 mm  ww  am  ew  ow oo wm e mm  oe oo ne o s® o s wo oo ww RT 2018344104000 2018344105325  2018:344 11:06:50 |CDH Dump and Clear DST KAband CDH Dump and Clear DST KAband _ DSS 55 0000240
i 2018344114730 2018344 11:3055 _|KA-Band Rate Step KA-Band Rate Step o 0000003
2018344114735 2018:3441131:00 |Ka-Band Telemetry Rate Change _Ka-Band Telemetry Rate Change [N R- Uplink=125 0bps; Downlink=34722.220ps___0.00:00:00
g — = ™ 2018344120230 2018344 12:1555 |KA-Band Rate Step KA-Band Rate Step o 0.00.00:03
2018344 12:02.35 2018:344 1216:00 _|Ka-Band Telemetry Rate Change _ Ka-Band Telemetry Rate Change [N R Uplink=125 0bps; Downlink=42372.88bps 0.00:00:00
e sosofs ™ 2018344141434 2018:344 142800 _|CDH SSR Playback Stop CDH SSR Playback Stop o 0000003
2018344141634 2018:344 143000 [EOT DSS55 EOT 0.00:00.00
e M- ] RT 2018344 141000 2018344142326 2018:344 14:36:52 |CDH NVM HW Write Disable All B... CDH NVM HW Wite Disable AllB.. _ DSS 55 0000300
GD 2018344141800 2018344143126 [DSN Disconnect DSN Disconnect DSS 55 0000000
2018344143134 2018:344 144500 [EOA DSS55 EOA 0.0000.00
™ 2018344144326 2018344 14:56:52 _Terminate Contact Terminate Contact o 0000025
wostone ™ 2018344144826 2018344150152 GC Command Spacecraft Slew GG Command Spacecraft Slew o 0000003
= ™ 2018344150002 2018344 151328 _ Fields Power On FIELDS Power On ) 0.000500
- e s ™ 2018344150504 2018344 15:18:30 EPLHI Power On EPLHI Power On 9 0.00.0500
o % 2018344170634 2018344172000 SOA SOA DSS26 SOA 0.0000:00
2018344173134 2018344 17:4500 SOA SOA DSS24 SOA 0.0000:00
Ve = GD 2018344172000 2018344 17.3326 DSN Connections. DSN Connections DSS 26 0000000
5 i 2018344175530 2018344 18.08:56 _EPLHI Power Off EPLHI Power Off o 0000500
GD 2018344174500 2018344175826 DSN Connections DSN Connections DS524 0000000
™ 2018344180032 2018344 18.13:58 FIELDS Power Off FIELDS Power Off ) 0.00.01.21
e T i 2018344180200 2018344 18:15:26 _GC Command Spacecraft Slew __GC Command Spacecraft Slew o 0000003
S 2018344181633 2018344 18:30:00_BOT (Backup) BOT (Backup) DSS 24 BOT for Backup Contact 0000000
¥ GD 2018344 18,0533 2018.344 181859 KaBand Blackout Ka-Band Blackout 0.04:54.27
$2° ™ 2018344182133 2018:344 18:35:00 _Begin KA-Band Contact Begin KA-Band Contact 0 0000500
8% GD 2018344 182000 7 TCM Instrument Blackout TCM Instrument Blackout 0.04:00:00
= 2018344183633 2018.344 185000 BOT DSS26 BOT 0000000
e = r 2018:344 18:36:33 2018:344 18:50:00  Ka-Band Telemetry Set-Up Ka-Band Telemetry Set-Up [ M R: Uplink=125.0bps; Downlink=55555 56bps 0.00:00:00
il 2018344184133 2018344 185500 CDH SSR Playback Start CDH SSR Playback Start o 0000115
RT 2018344 19.1000 2018344192327 2018344 193654  CDH CLT Update UTC ‘CDH CLT Update UTC DSS 26 0001200
3 RT 2018344192500 2018344103827  2018:344 195154 CDH Dump and Clear DST KAband CDH Dump and Clear DST KAband _ DSS 26 0.00:02:40
5 ™ 2016344194028 2018344195355 KABand Rate Step. KA-Band Rate Step 0000003
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Command Load Constraint Checker (CLCC)

= CLCC is the faster-than-realtime PSP . _—

COMMAND LOAD CONSTRAINT CHECKER (CLCC) SIGPlotter  Actiy Planner  Logout

software spacecraft simulator Simulatons o

Show[10 || entries Search:

. - D~ Name A Status ~  SimulationStart[UTC] ~ Simulation Stop[UTC] ~ RunStart[UTCWallClock] ~ RunStop [UTCWallClock] ~  Actions B
u Com mand Ioads ge nerated by aCtIVIty O oz e TETEED  CPmOmD | DECNEST TS (i et i e | )
1248 19001 Part 3/19020 DONE 2019014 01:00:00 2019-056 08:00:00 2019011 1806:18 2019011205439 [ ew [ Details [ Rerun [ rename | etete |

planner are checked by this tool before mr e e e e CEDEEEED

1245 19001 part 2/ IV SWEAP test DONE 2019-01100:00:00 2019-01401:00:00 2019-008 16:55:17 2019-008 17:08:39 mmmm

L] L] L]
I oa d I n g to h a rdwa re 1244 18343 Part3/CMDMD 3/19001 part 1 DONE 2018-352 18:00:00 2019-011 00:00:00 2019-008 15:25:25 2019-008 16:54:46 mmm
-in-the-loop simulator

1243 18343 Part3/CMDMD 3/19001 DONE 2018-352 18:00:00 2019-020 00:00:00 2018354 16:51:56 2018-354 18:55:48 mmm@

1235 18343 Part 2/ fields Rotations DONE 2018-344 01:00:00 2018-352 18:00:00 2018-347 15:14:21 2018-347 15:58:35 mmm
dna spacecra [T T T Yoo B

1232 1s304part7/18343part1/TcMe  Detailed Simulation View

u = 1231 18304 Part 6/ load Ephem/ SA 1 Swee| ' Name Status Simulation Start Simulation Stop Run Start Run Stop
u s es py o n m o e s o I g 1055 18266 and TCMAC and load 18272 DONE 2018-271 09:00:00 2018-272 16:22:00 2018-27213:28:04 2018-27213:35:34

Showing 1 to 10 of 353 entries
.
JAS File(s) Executed:
clec_dis_tcmd.ts.jpp [2018-271 12:35:00]

Spp_2018_271_212000_02.cpln jpp [2018-272 07:30:00)
mo_spp_enable_temdc_tts.jpp [2018-272 12:15:00]
SPp_2018_272_110500_05.cpln jpp [2018-272 15:45:00]

verify constraints

Reports
Display Report:

= Spacecraft memory configurations are “

2 Error (@ Warning 2 Info] Debug

initialized and maintained in CLCC and == R

Time Time MET . Bin " Bin Bin © Ppriority ~ Data
M M M 2018271 2018271 ]
I I I I f I I t O vm  a2io0n 275832603 136 2 FSW_CM.MACRO_EXEC (886)
use a ase I le OI COI" al SOI l a a I lS 2018271 2018271 . . ; . L8647
o e 275832603 136 886 25 FSW_GCATT_CMD (SUN_POS, EARTH_POS, USER_INPUT, FANBEAM _AXIS, 0.0, 0.0, 0.0, 0.0, 00, 0.0, 0.7071067811865475, 0.0, 0.7071067811865475, -1.0, 0.0, 0.0)

2018271 2018271

-

2018271 2018271

© 2is01 121224 275832747 137 2 FSW_CM.MACRO_EXEC (887)

o wE Hem a7seanar 137 8w 2 FSW_CMLMACRO_EXEC (716)

o 0wz e wss2nr 137 716 2 FSW_TO.TLM_TBI__SEL_FRAME_INTERFACE (6)

© fgﬁ%? ?21‘822274‘ 27583747 137 716 2 FSW_TO.TLM_FLUSH_BUFS (FLUSH, FLUSH)

o e 2e2n 275832748 137 716 2 FSW_AUT.QUERY_DCB_ID (468, 187, ONE_BYTE, 0, 0)

12:15:02 12:12:25
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Coronal Streamer

WISPR image of a coronal streamer, seen over the
east limb of the Sun Nov. 8, 2018, at 1:12 a.m. EST.
Coronal streamers are structures of solar material
within the Sun's atmosphere, the corona, that usually
overlie regions of increased solar activity.

Parker Solar Probe was about 16.9 million miles from
the Sun's surface when this image was taken.

The bright object near the center of the image is
Mercury, and the dark spots are a result of background
correction.

Credit: NASA/NRL/Parker Solar Probe
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It has been almost 60 years since the Parker

http://nasa.g
http://solarpi
Facebook: (¢
Twitter: @N

We are on our way!
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