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Solar Probe Plus (SPP)

Overview >
Using in-situ measurements made closer to the Sun
than by any previous spacecraft, SPP will determine
the mechanisms that produce the fast and slow solar
winds, coronal heating, and the transport of energetic
particles.

Solar Probe Plus will fly to less than 10 solar radii (Rs)
of the Sun, having “walked in” from 35 Rs over 24
orbits.

Milestones

» Sponsor: NASA/GSFC LWS ) : _
* LWS Program Manager — Nick Chrissotimos GSFC Pre-Phase A: 07/2008 — 11/2009
* LWS Deputy Program Manager — Mark Goans, GSFC Phase A: 12/2009 - 01/2012
« Project Manager — Andy Driesman, APL Phase B: 02/2012 - 03/2014
* Project Scientist — Nicky Fox, APL Phase C/D: 03/2014 — 09/2018
» Spacecraft Development/Operations — APL LRD: 31 July 2018
* Investigations selected by AO: '

« FIELDS - University of California Phase E: 10/2018 — 09/2025

* ISIS — Princeton University/SwRI

*  SWEAP — Smithsonian Astrophysical Obs Management Commitment: $1,366M

* WISPR - Naval Research Laboratory - PTRR

* HelioOrigins — Jet Propulsion Laboratory Category 1, Risk Classification B
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50 years .into the space age and we still don’t

understand the corona*and solar wind

= The concept for a “Solar Probe” dates back to
“Simpson’s Committee” of the Space Science Board
(National Academy of Sciences, 24 October 1958)

— The need for extraordinary knowledge of Sun from remote
observations, theory, and modeling to answer the questions: The Sun to the,Eaii

— Why is the solar corona so much hotter than the
photosphere?

— How is the solar wind accelerated?
" The answers to these questions can be obtained only

through in-situ measurements of the solar wind down
In the corona

= Top priority in multiple Roadmaps and Decadal
Surveys.
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Level 1 Objectives & Processes
Require High Quality,

Measurements

L1 Science
Objectives

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

2. Determine the
structure and
dynamics of the
plasma and magnetic
fields at the sources
of the solar wind.

3. Explore
mechanisms that
accelerate and
transport energetic
particles.

Sample
Processes

- Heating
mechanisms of the
corona and the
solar wind;

- Environmental
control of plasma
and fields;

- Connection of the
solar corona to the
inner heliosphere.

- Particle
energization and
transport across
the corona

Integrated

Needed Measurements

- Electric & magnetic
fields and waves,
Poynting flux, absolute
plasma density &
electron temperature,
spacecratft floating
potential & density
fluctuations, & radio
emissions

- Energetic electrons,
protons and heavy ions

- Velocity, density, and
temperature of solar
wind e-, H+, He++

- Solar wind structures
and shocks

Instruments

FIELDS

- Magnetic Field

- Electric Field

- Electric/Mag Wave

ISIS

- Energetic electrons

- Energetic protons and
heavy ions

- (10s of keV to ~100 MeV)

SWEAP
- Plasmae-, H+, He++
- SW velocity & temperature

WISPR
- White light measurements of
solar wind structures

5 October 2016
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Spacecraft Overview

= NASA selected instrument suites
= 685 kg max launch wet mass
= Reference Dimensions:
» S/C height: 3 m
» TPS max diameter: 2.3 m
» S/C bus diameter: 1 m
= C-C Thermal protection system
= Hexagonal prism s/c bus configuration
= Actively cooled solar arrays
» 388 W electrical power at encounter
> Solar array total area: 1.55 m?
> Radiator area under TPS: 4 m?

= 0.6 m HGA, 34 W TWTA Ka-band science DL
= Science downlink rate: 167 kb/s at 1AU

= Blowdown monoprop hydrazine propulsion

= Wheels for attitude control

@ JOHNS HOPKINS
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Primary Mission: Launch and

Mission Design Overyiew

Launch
= Prime Window: 31 Jul 31 - 19 Aug 1st Min Launch
2018 (20 days) Perihelion 7/31/2018
= Back-Up Window: 21 May — 3 Jun at 9.86 Rs

2019 (14 Days) 12/19/2024
= Max. Launch C3: 154 km?/s?

= Delta IVH with Star-48BV based
Third Stage

Trajectory Design -

= 24 Orbits
= 7 Venus gravity assist flybys
Final Solar Orbits

= Perihelion: 9.86 Rg

= Aphelion: 0.73 AU

* |nclination: 3.4 deg from eclij

» Orbit period: 88 days
Mission duration: 7 years

1st Perihelion

at 35.7 Rq
11/1/2018

@’ TR JOHNS HOPKINS
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Solar Probe Plus Science

Investigations (1/5)

= Solar Wind Electrons Alphas and Protons
(SWEAP) Investigation: This investigation
will count the most abundant particles in the
solar wind -- electrons, protons and helium
lons -- and measure their properties such as SPAN-B \\ SPAN-A+
velocity, density, and temperature. |

SWEAP
SPC

‘ SWEAP Investigation
g _Solar Array Cooling System
 Protection N0 7 & High Gain Antenna
% e SweaP : SWEAP P
2 B Prof. Justin Kasper
University of Michigan/ Smithsonian

Astrophysics Observatory

SPAN B

@ JOHNS HOPKINS
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Solar Probe Plus Science

Investigations (2/5)

* Fields Experiment (FIELDS):
This investigation will make
direct measurements of electric
and magnetic fields and waves,
Poynting flux, absolute plasma
density and electron
temperature, spacecraft floating
potential and density
fluctuations, and radio
emissions.

5 October 2016

FIELDS Investigation

- Five voltage sensors

- Two Fluxgate magnetometers
- One search-coil magnetometer
- Main Electronics Package

V1-V4 electric antennas /

V1-V4 electric antennas

V5 electric antenna

FIELDS PI
Prof. Stuart Bale
University of California, Berkeley
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Solar Probe Plus Science

Investigations (3/5)

Integrated Science Investigation of
the Sun (I1S1S): This investigation
makes observations of energetic
electrons, protons and heavy ions
that are accelerated to high energies
(10s of keV to 100 MeV) in the Sun's
atmosphere and inner heliosphere,
and correlates them with solar wind
and coronal structures.

____— FIELDS Antenna (4)

EPI-Hi LETZ
7 <. ISISSute
") (EPI Low, EPI Hi
/ FELDS - ISIS P )
-‘Magneto:reters ()] Dr DaVld MCCOmaS

\L\ II SPAN A+ b ‘ Princeton

+
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Solar Probe Plus Science

Investigations (4/5)

= Wide-field Imager for Solar PRobe
(WISPR): These telescopes will take WISPR Investigation
Images of the solar corona and inner
heliosphere. The experiment will also ~ 'nner Telescope
provide images of the solar wind, shocks
and other structures as they approach and
pass the spacecraft. This investigation
complements the other instruments on the
spacecraft providing direct measurements
by imaging the plasma the other

Outer Telescope

| ) |
Instruments sample.
WISPR PI
Dr. Russell Howard
NIQ, = 00 T Naval Research Laboratory

FIELDS
Magnetometers (3)
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Reference Vehicle:
Anti-Ram-Facing View

. Thermal |
~ ' Protection
. sys!em . _..'

Solar Array Wings"’.\'(Z)I_ -

5%

SWEAP

: /Sﬁl’ér Array Cooling System

\

\

\

-




SPP Ram Facing View =
=

|__— FIELDS Antenna (4)

. ISIS Suite - |
(EPI Low EPLH)
FIELDS -

Magnetometers (3)
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Solar Probe Plus Science

Investigations (5/5)

= Heliospheric origins with Solar Probe Plus
(HeliOSPP): The HELIOSPP PI serves as the
Observatory Scientist for the SPP Project, and
carries out an inter-disciplinary science
Investigation that focuses on the goals and
objectives of the SPP mission. He serves on
the SPP SWG and provides independent (from

the instrument PIs) input to the SPP Project Marco Velli
Scientist.
HelioSPP PI
Dr. Marco Velli
University of California, Los
Angeles

@ JOHNS HOPKINS
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SPP High Level Organizational Chart

NASA
Science Mission Directorate
Heliophysics Division
Director: S. Clarke
Program Scientist: E. Talaat
Program Executive: J. Smith

GSFC LWS Program Office
Program Manager: N. Chrissotimos
PM for APL Projects: M. Goans
Mission Scientist: A. Szabo

HELIOSPP — UCLA*
Pl: M. Velli, Obs Sci

APL/SES Management

A

Solar Probe Plus Project Office

Project Manager: A. Driesman
Deputy Project Manager: P. Hill
Deputy PM for Instruments: K. Cooper

Communications
K. Beisser

Production Planning Mgr: n/a

Project SAM: L. Becker

EV Manager: H. Hunter
Planning Manager: F. Kahler
Financial Manager: S. Diamond

WISPR — NRL*
Pl: R. Howard
PM: S. Plunkett

Project Scientist
N. Fox

SWEAP - SAO
Pl: J. Kasper
PM: A. Peddie

ISIS — Princeton/SwRI Mission Svstem
— Pl: D. McComas ISSI10 . yste
| i ) Engineer
PM:S. Weidner MSE: J. Kinnison
DMSE: M. Lockwood
FIELDS - UCB
— Pl: S. Bale
B PM: P. Harvey
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SPP Mission Summary —Overall

Technical Technical concerns do not threaten system performance. Working through Critical Event
Coverage. Spacecraft generating TLM and accepting commands

Cost Funding through Mar 2017. Reserves on commitments-to-go remain healthy.

Schedule I&T currently on schedule. Schedule reserve is at 90d w/ 55d guideline. SACS remains
the biggest concern.

Science SWG planned for 14/15 Sept 2016. Launch and Early Orbit Operations review scheduled
for late Sept. Review includes commissioning.

Spacecraft Y Y Y Recent measurements of Processor margin remain at or about SIR levels: 13% on record,
11% on playback. Still considered red. Will be implementing some low-risk precision
changes to increase margin. A parallel effort and timeline has been identified as a backup
should margins continue to erode.

Instruments Instrument reserves into I&T: FIELDS — 65d, SWEAP — 33d, I1SOIS — 65d, WISPR — 33d

Ground System On schedule.

Launch System Launch system on track. Completing analysis of TFA results. Evaluating ULAs desire to

move the daily launch window by 1 hour.

Overall --- Adequate cost and schedule reserves are sufficient to mitigate known technical risks.

. e e e — e
w v:\l’l'l IED PHYSICS LABORATORY
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Flight Computer Processor Margin

Technical: i
Issue: Flight Computer Processor Margin
Risk to mission: - If available processor margin hits 0%, data can be lost on record or not sent as
quickly with playback
- Spacecraft safety is not an issue. High priority tasks such as G&C and Autonomy
always run before playback and record

Current Status:
 Critical CPU Margin is red.
* Per SD-QP-600 red to yellow transition is 20% @ delivery to I&T, 10% @ launch
Margin for recording at maximum rates: 13%
Margin for playback at 833 kbps: 11%
Record margin is the more critical margin; Data is lost if not recorded.
For playback, CFDP assures data is received should processor be overtaxed.

Action:

» Continue work to increase margin in a manner that minimizes impact to the flight software

delivery schedule. Expectation is we can increase margins by low single digits in this manner.
Risk to FSW schedule is low.

» After delivery of FSW B3.0 to I&T, assess additional methodologies for increasing margin,
including: reducing data processing requirements and moving certain real-time tasking to
background tasking. None of these items are considered to be architecture changes.

* Inthis assessment we would identify trigger points when we would need to start this work in
order to have final code prior to system TV.
« Note this is back-up plan only. Risk to FSW would be moderate if impl.

mented.
@ JOHNS HOPKINS
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» Successfully passed KDP-D on 7 July 2016

* Integration and test formally started on 1 July 2016 with delivery of the flight structure with
the integrated Propulsion Subsystem.

* Cooling System: Completed fabrication of all 4 Radiators

 Telecomm: Completed Radio acceptance testing

* Power: SolAero continued manufacturing of S/A strings

« Mag Boom: Completed flight inward boom bonding and flight outward boom bonding efforts

 G&C: Completed bench testing of star trackers and inertial measurement unit

« Software: Delivered Flight Software Build 3.0 to spacecraft integration and test

 Thermal: Received three of the four remaining louvers

» Dust: Completed estimate for impact based contamination of SPC sensor from TPS edge
felt

« SWEAP: Completed QM SPC sensor assembly and vibration testing

 FIELDS: Digital Fields Board (DFB) FM1 successfully Integrated with the MEP

WISPR: All instrument mount configurations (nominal intermediate, and tall) were shipped
for welding

« |ISOIS: EMI Closeout concept developed for EPI-Hi. EPI-Lo flight assemblies being
calibrated

« SPP SWG-14 Meeting: 14-15 September 2016, Smithsonian Castle, Washington, DC

@ JOHNS HOPKINS

APPLIED PHYSICS LABORATORY

5 October 2016 Solar Probe Plus CSSP

17



Hardware. Status — Interior
(as of 10/5/2016)

Completed

In-Work :l

Needs Rework -

Hardware In-House -
~ U )
o il % Q. o [

x5 cs < A — I
23 PDU Electronics S[C.)] [(_)]% TBU RPM REM é a
) B
?\‘3
Panel 7
(Inside, Top Deck
5 October 2016
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https://docs.google.com/presentation/d/1iGlpMvmdmd4yztjmh62rxgvP0C3R05Q_5ZZCeDdCjI8/pub?start=false&loop=false&delayms=15000
http://sd-web-ops.jhuapl.edu/spp_iandt/
http://sd-web-ops.jhuapl.edu/spp_iandt/

Hardware. Status — Exterior
(as of 10/5/2016)

Completed

In-Work I:l

RIU RIU Y Needs Rework [ ]

Fos @ Hardware In-House -

1 iy B

1 1S/A Gimba .

L, : h @ | ‘:I Solar Array

1 ! 1

-

1

(pox14)
v [dued
1
1

Solar Array SI/_A_Gimb

(paxi4)
T |ued

RIU
\//(Bottom
Deck)
w JOHNS HOPKINS
5 October 2016 APPLIED PHYSICS LABORATORY
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Mass, Power Margin

25
* 20 18.6% power
£
o0
§15
—— Mass W 14.0% mass
=g Power*
10 +
PDR Guideline
CDR Guideline
> T PER Guideline
= = Power Margin Reqg'd @ Launch
0 T T T T T T T T T T T T T T T T T T T T T T |
— —i ~ ('] i~ ~l g} m [as] m =t =T =t L s Ta} sl 0 [{s] 0 0 M~ [~ M~
< 2 9 9 9 F 9 < 9 < < 44 44 < S G S 9 F g g g 4
E o C £ 5 + ©o > W 9 - £ o c £ 5 > 0o > W o = - o+
288 <2033z 882=>283248s5 20

*Reporting minimum margin for driving configurations: Perihelion Science, Slew Data Downlink
Dec 2014 power margin rebaselined to 20%. Power margin previously above 20% was returned to cooling system margin.
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Major. Life Cycle Reviews

Task Name Start . Finish .

2008

- Solar Probe Plus Mission Schedule 12108 111H8
- Mission Phases 112108 101118
Pre-Phase A 712108 1211109
Phase A 1202009 1731012
Phase B 2/1/12 314114
Phase C 3514 62316
Phase D 624116 9/30/18
Phase E Start (Ends 9/30/25) 10118 10/1/18
- Mission-Level Milestones 9729109 11118
MCR 9/29/09  9/30/09
MDR " 1173011
PDR 1M3IN4 116014
IBR 10M0M4 1017714
CDR 31615 31915
MOR 1A6A5 111715
SR 5716 519116
FER 100617 1006017
PSR 3/8/18 3/8/18
Ship to KSC 32318 3/26/18
ORR/FOR 5122118 512218
MRR 7/9/18 7/9/18
LRR/LRD 713118 7131118
Orbital Checkout Complete 9/30M18 9/30M18
First Perihelion 1118 11118

NASA @ JOHNS HOPKINS
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SPP Summary Schedule

Name

M 2017 2018
Am] I T AsSsTo[N]D I JFImJam] I 1 TAa]Js[o[N]D I JFImTAam] I 1 TAaTJs]o]N]

~ 110 Project Management

~ Mission Phases ="
Phase D :
=~ Mission-Level Milestones W 5/17 W 10/6 W 3/8 7/31 WD Launch Wirdow
SIR PER PSR LRR/LRD :
= Key Decision Points 4 623 & 7/18
KDP D KDP E

~ Satellite Integration, Assembly, and Test (IA&T)

~' Integration & Test Spacecraft Integration EBH |
25d
- 220 FIELDS g A xlp
iPER iPSR |
~ 230 SWEAP B w1012 W_IL/20
iPER  iPER PSR

~ 240 ISIS W0/11 F 10713 RF 15

iPER iPSR :
- 250 WISPR 10719 W L[Z6 . ) .

iPER iPSR Electrical Power System Delivered in September
-/ 290 DPU | :
=~ 310G and C |
- 320 EPS — ]

~ 330 Harness
~ 340 Struct and Mech
~ 350 Thermal

360 Telecomm

Reserve/Slack = 3d + 22.5 + 29d + 10d + 25d = 89.5d (PSE)
|

=~ 370 Avionics
~ 380 Flight sSwW

390 Propulsion

~ 3AD SA Cooling

= 3BO0 TPS and 3D0 Dust
= TPS Phase C/D Activities
~ Dust Phase C/D Activities

~ 3C0 PDU

= 710 MOps and GDS

|

|
v @ 2010 invsics LABORATORY
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SPP Critical Path Funded Schedule

Reserve vs. APL.Guidelines

SPP Reserve Burn Down

180.0
180.0
Paths with <= to the reserve on the Critical Path
* None
140.0
All paths are compliant with JHU/APL Guidelines
120.0
- Electrical Power System Delivered in September
F 1000 {e—p
L
H v
el PSE
®
I
5 BO.O
e
a
£
60.0 -
40.0
200
[+1+] v
Mar-14 Jun-14 Sap-14 Dac-14 Mar-15 Jun-15 Sap-15 Dac-15 Mar-16 Jun-16 Sap-16 Dac-16 Mar-17 Jun-17 Sep-17 Dec-17 Mar-18 Jun-18
W -| Apr- [May-| Jun- | Ju- [Auz-|Sep-| Oct- |Now| Dec- | Jan- |Fek- | War-| Apr- Wy Jun- | Ju- |Auz-|Sep-| Oct- |Now- | Dec- | Jan- |Feb- [War- | Apr- |May-| Jun- | Jui- |Auz- | Sep- | Oct- |Now- | Dec- | Jan- | Feb- |War- | Apr- [May-| fon- | Juk- |Aug-| Sep-| Oct- |Now- | Dec-| Jan- | Feb- [War-| Apr- [Way-| Jon- | ot |Aug-
14 | 14 |14 | 14 | 14 | 14 | 14 | 14 | 14 | 14| 15 | 15 15 | 15 | 15 | 158 15 | 15 15 | 15 | 15 15 | 16 (16 |16 | 16 |16 |16 | 16 | 16 | 16 |16 |16 | 16 | 17 | 17 |17 |17 | 17 | 17 17 | 17 17 |17 | 17 17 |18 | 18 | 1E | 18 | 18 | 18 | 18 | 1E
|I!g:|.'-e: Reserve |101. | 100. |S85 (268|952 |93.5|91 8(50.2 (BE5|B6E8|85.2 |E3.5 (B1E(B02|785|768|752(73.5(7L8|70.2 |6B5|66E(65.2 (3.5 |618 |602|585 (568|552 |53.5|51L8|502 4B 5|468|45.2 435|418 (402 |385|368(|352(33.5(318|302 |285|268(25.2 (235|218 |20.0|15.0(10.0| 50 | 00
|CL"ertRese'h'e 152 | 152|152 (154 | 154 | 156|156 | 156|157 | 156|153 (153 (153 (139|145 142 |133 (1268 | &4 (104 (115|111 |705| 108 | 101 | 87 | B7 | BZ |85

e guired Aacarye  =fl=Current Reserve
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Budget Assessment

« SPPis in a very healthy financial position
* Project estimates that reserves are 24% through liens

 Headquarters UFE puts the project in a state of very low risk

w JOHNS HOPKINS
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May 2016 Accomplishments ;‘*‘_«-f;

JOHNS HOPKINS

APPLIED PHYSICS LABORATORY

Completed Fabrication of the Flight Spacecraft Harness PL
NASA
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Completed Propulsion Subsystem Acceptance Testing at Aerojet Rocketdyne

w JOHNS HOPKINS 26
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1 AR A MISSION
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THE SUN *
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August 2016 Accomplishments

ISOIS EPI-Lo FM Wedge Assembly Complete
Undergoing Vacuum Testing with Sources

@ JOHNS HOPKINS
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August 2016 Accomplishments

eas )

SWEAP SPC EDU Thermal Shield SWEAP SPC QM Sensor in Vibration
in Vibration Testing at APL Testing at SAO

= p7 -
-

@ JOHNS HOPKINS
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August 2016 Accomplishments

SWEAP SPAN-Ae FM Goes Into the Calibration Chamber

@ JOHNS HOPKINS
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August 2016 Accomplishments

= oy =y ey TP T

ArATAT,
] e -

P P
b e o o e o i i Bl e Bl

SWEAP SPAN-A (ion and electron) fully assembled for fit check

Y TSt Sl f St § B | Bt i A

34
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August 2016 Accomplishments

Spare Thermal
Protection System
fabrication
continues -
clockwise from
left:

flat facesheet

layup in progress;
pie pan facesheet
in O condition;
interface plates

JOHNS HC

.-".—[’T’].]l-.]') PHYSICS LA
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August 2016 Accomplishments:

TPS Thermal Simulator

NASA @ JOHNS HOPKIM
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August 2016 Accomplishments

SACS SNO1 Flight Solar Array Platen has completed fabrication
- @ Jorns Hopa

Solar Probe Plus CSSP
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August 2016 Accomplishments

SACS Top Deck Component Fit-up and Welding has started

@ JOHNS HOPKINS
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August 2016 Accomplishments

3
|E'\I'|..‘Il

e 2l

Flight PDU integrated on S/C Flight RFDU integrated on S/C

@ JOHNS HOPKINS
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August 2016 Accomplishments

EM REM integrated on S/C
Jorins HOPKINS

EM RPM integrated on S/C

Solar Probe Plus CSSP
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~Solar Probe Plus
A NASA Mission to Touch the Sun
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