Systems

PACE Mission PLOT SPOILERS: Engineering
S.yste_ms Who am | and how did | get here? DUMMIES
Engineering for » Stories & Tall Tales: Motherhood & Apple Pie ->g
UMBC + Launch Video!!
Gary Davis « Take credit for others’ great work
Aug 2022 « Time for questions at the end, but it's OK

to interrupt and ask questions at any time!

(Plankton, Aerosol,
Cloud, ocean
Ecosystem)

HARP
NASA

SPEX

No ITAR Materlal
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Project Scientist
J. Werdell

Deputy Proj. Scientist (Ocean)

A. Mannino

Deputy Proj. Sci. (Atmosphere)

B. Cairns

OCI Project Mgr.
R. Estep
OCI Deputy PM
M. Hill/P

Avionics Fit. Software
N. Haghani M. Blau
Contamination|  GN&C

T. Errigo N. Davis
Elec/Harness Materials

G. Won T. Johnson

PACE Project Manager

Mission Systems Engr
G. Davis
Deputy MSE
N. Haghani

Systems Engineers
A. Matuszeski

J. Eitnier

C. Stevens

R. Kraeuter

Mission & Ground
Operations Manager
R. Schweiss

Observatory Mgr.
B. Weinstein
I & T Manager
. Pham

Mechanical
K. Harris
Mechanisms Propulsion
R. Sharma H. Mulkey
Parts Radiation
S. Rutledge M Xapsos

Power
R. Arrocho

A. Dress

Deputy Project Manager
K. McIntyre

Deputy Project Manager/

Resources

W. Sluder -
427

Chief Safety and
Mission Assurance

Officer

J. Blackwood

Software Assurance
J. Parnell

Quality

N. Hackley
Reliability

P. Pruessner

Safety

M. Rizzo

Launch Vehicle

Polarimeter

Instrument Manager

T. Dixon

RF Comm

A. Rodriguez-Arroy
Thermal

D. Powers

Manager
J. Satrom

Science Data
Segment Manager

B.Franz

Bios: Who was | before PACE?

Contracting
Officer
TBD

Financial
Manager

M. Gosselin/C. Greco

Sr.

Resource Analyst
Vacant

Earned Value Management
Vacant

Project Support
Manager

K. Opperhauser

General Business
P. Blackwood

Schedule Management
W. Paradis /M. Burtenshaw

Configuration / Data Management
L. Sullivan / TBD

/ideo Imaging & Photo. Rqmnts
Vacant

Information Technology
M. Sese

Original Signed By:

Andre Dress

Plankton Aerosal Clouds and ocean Ecosystem (PACE)

Project Manager
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PACE Mission Systems:

What do we do? ;
We Start

With Science...
@

Zany Scientists’ Ideas

“Proposal Phase”

Pre-Phase-A
LAUNCH

~..and End :
With Science \:"

@ " OPERATE

ANALY ZE

Technology Studies e







Conceiving a Space Mission
Things to be aware of:  Questions to ask:

What data do | need? [-> drives instrument design]
— Survey? Targets? Ephemeral?

: e — Wavelength(s)? [-> drives detector technology]
... This makes reliability important . . . _ Resolution? [-> drives optics]

Cost to get to orbit is very high...

.. Which drives cost. * One spacecraft, or constellation?

. ° I i ’) > : .
Cost and schedule management & realism Orbit selection? [-> drives launch vehicle]

are important. « Who gets data? How fast? [-> drives ground system]

Simplicity & robustness are best done from * Which group(s) are doing the above?
the beginning and not “tacked on” at the — Have they done it before?
end. Acost for Achange increases with time!

« What technology needs to be developed?

_ — Is there sufficient time/$?
Launch Vehicles are good, but not perfect. — If not, backups or fallback plan?

" B

Space Missions are Costly, Risky, and take a long time. Do you really NEED to go to space?

-




From NASA SE
Handbook

Design changes
are costly if done
too late!

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

Cumulative Percentage Life Cycle Cost against Time

Concept

Design

8%

15%

90%

500-1000x

S 50%
o\oo,;ﬁ«*Q Prod/Test
<

20%
Develop

100%

Operations
through
Disposal

0% -

A A A A

A A A

A

MCR SRR SDR PDR CDR SIR ORR DR/DRR
Time
_
MCR Mission Concept Review CDR Critical Design Review
SRR System Requirements Review SIR System Integration Review
ORR Operational Readiness Review

SDR System Definition Review

PDR Preliminary Design Review

DR/DRR Decommissioning/Disposal Readiness Review



NASA
Mission Life
Cycle

From NASA SE
Handbook

The Life Cycle
Actually
Works and
Makes Sense

NASA Life-Cycle
st FORMULATION IMPLEMENTATION
Project Life-Cycle Pre-Phase A: Phase A: Phase B: Phase C: Phase D: Phase E: Phase F:
Phases Concept Studies Concept and Preliminary Design Final Design and System Assembly, Operations and Closeout
Technology and Technology Fabrication Integration & Test, Sustainment
Development Completion Launch & Checkout

Project Life- KDP A\}/ KDP B\|/ KDP C\|/ KDPD\/  KDPE\/ KDP F\}/
Cycle Gates, FAD 5FA
Documents, and | prejiminary Project Preliminary Baseline Launch End of Mission Final Archival
Major Events Requirements A‘ Project Plan A Project Plan A 25 of Data
Agency Reviews S
Human Space
Life-Cycle MCR SRR SDR PDR CDR/ SI ORR FRR PLAR CERR* DRR
Reviews'2 A A A PRR Inspections and & End of Ellah

) Re-enters appropriate life-cycle Refurbishment nd of Flight

Re-flights phase if modificationsare ~ _ | |
Robotic Mission needed between flights PFAR
Project Life Cycle A\ AA A A A AN/ /N /\ /\
Reviews'? MCR SRR MDR?® PDR CDR/ SIF ORR MRRPLAR CERR* DRR
3
Other Reviews FRR A
SAR® SMSR,LRR (LV), FRR (LV)

Supporting [
Reviews A Peer Reviews, Subsystem PDFs, Subsystem CDRs, and System Reviews A
FOOTNOTES ACRONYMS MDR — Mission Definition Review

1. Flexibility is allowed as to the timing, number, and content of reviews as long as the equivalent
information is provided at each KDP and the approach is fully documented in the Project Plan.

2. Life-cycle review objectives and expected maturity states for these reviews and the attendant
KDPs are contained in Table 2-5 and Appendix D Table D-3 of this handbook

3. PRRis needed only when there are multiple copies of systems. It does not require an SRB. Timing

is notional.

N o O

. CERRs are established at the discretion of program .

. For robotic missions, the SRR and the MDR may be combined.

. SAR generally applies to human space flight.
. Timing of the ASM is determined by the MDAA. It may take place at any time during Phase A.

A Red triangles represent life-cycle reviews that require SRBs. The Decision Authority,
Administrator, MDAA, or Center Director may request the SRB to conduct other reviews.

KDP — Key Decision

LV - Launch Vehicle

ASM — Acquisition Strategy Meeting

CDR — Critical Design Review

CERR - Critical Events Readiness Review
DR — Decommissioning Review

DRR - Disposal Readiness Review

FA — Formulation Agreement

FAD — Formulation Authorization Document
FRR — Flight Readiness Review

Point

LRR - Launch Readiness Review

MCR - Mission Concept Review

MRR — Mission Readin

ess Review

ORR - Operational Readiness Review

PDR — Preliminary Des

ign Review

PFAR — Post-Flight Assessment Review
PLAR - Post-Launch Assessment Review
PRR - Production Readiness Review

SAR - System Acceptance Review

SDR — System Definition Review

SIR — System Integration Review

SMSR - Safety and Mission Success Review
SRB - Standing Review Board

SRR — System Require

ments Review




Mission Commitments (Post-Pandemic Replan):  Mission Elements (Organization)

- Management Agreement: « Competed Science Team (NASA ESD)
— LRD January 9, 2024 * Vicarious Calibration (NASA ESD)
— Budget $928.2M ($107.5M for HQ Science) * Science Data Analysis (GSFC)
«  Agency Baseline Commitment: » Ocean Color Instrument (GSFC)
PACE Science — Launch Date of May 2024 : I?plam::'craft (GS’;I;CQN < UMBC
New opportunities to monitor fisheries and — Budget of $964M o al:lmeters ( _ )
respond to toxic algae blooms, and key \ * Mission Ope.ratlons (GSFC)
ocean and atmosphere data for forecasting H » Launch services (KSC/SpaceX)

air quality and weather that will improve our
understanding of Earth’s climate.

-

Key Mission Parameters

* 98°inclination; ~676.5 km altitude
— Sun-Sync (1pm MLTAN),

— 2 day global coverage

-~
-

-------

CY16 CY17 CY18 CY19 CY20 CY21 CY22 CY23 CY24 CY25 CY26 CY27

“: nexis, August Sept 2022 Jan. 2024

R oo L s 201 - .
15‘% 2017’ l S 019

—



Financial

155.2 Management

Project Scientist u . ]
Applications Coord. J. Werdell PACE Project Manager
616 M. Voyton
__E. Urquhart Deputy Proj. Scientist (Ocean)
Deputy Coord. | [~ A. Mannino b Protect M
N. Sadoff Deputy Proj. Sci. (Atmosphere) eputy Project Manager
B. Cairns J. Lander
616 '
Deputy Project Manager /
Science Data Resources
Segment Manager W. Sluder
B. Franz | 427
ission Syste.ms Engr — Chief Safety and
% 599 383 | Mission Assurance
eputy MS| Officer
N. Haghani B. Weidema
[
t Engi
I— iyssfms ngl;legrs Software Assurang
-otevens. ] &ng N. Basant
R. Zellar S. Glubke Quality
J. Eitnier T. Gruner F. Fried
R. Kraeuter L. Sparr Reliability
Observatory J. Patel K. McGinnis P. Pruessner
Manager Safety
B. Weinstein A. Obaldo
' Mission & Ground 581 a7 Launch Vehicle Mgr. []
Operations Manager J. Satrom
568 R. Schweiss LSP/KSC - SPACEX
I & T Manager u T
__V.Pinnick__ E—
roject Mgr. .
Deputy I & T Mgr. R Este 497 543 Launch Site
K. Tull : P Manager
' od gigcl)lc? M K. Hughes
[ [
Elec. 1&T Technician Test Conductor |_ Systems Engineers
J. Savinell J. Wilson M. Patel E. Gorman 497
GSE Purge Alignment . - H - Angul
K. Blahut M. Sharb S. Hetherington Polarimeter Rainggf,,rp(,l;gi;:fer 2
IT Mech. I&T Thermal I&T Instrument Manager (HARP2) - UMBC
C. Jorgenson K. Harris D. Powers D. Kujawa [
I Spectro - Polarimeter
Avionics Flt. Software Materials Radiation (SfI:’E)EXPloraStK’SN
R. Gheen M. Blau M. Shacka R. Ladbury I one) -
Contamination| GDS Mechanical % RF Comm
J. Sanders J. Gallun K. Harris | M. Ortiz-Acosta| A. Rodriguez-Arroyo
Elec/Harness GN&C Mechanisms Propulsion Thermal
H. Manalo P. Mason C. Monroe H. Mulkey D. Powers

Mark

Planki
Projec

Specialist
M. Gosselin/ C. Greco
[

S. Braha
C. Higgins

Earned Value Management
R. Hesenperger

4Sr. Project Support
Manager
K. Opperhauser

General Business
P. Blackwood

Schedule Management
M. Burtenshaw

Configuration / Data Management
L.Sullivan/L.Mryncza/K Radspinner

Video Imaging & Photo. Rqmnts
D. Henry

Information Technology

C. Jorgenson

T. Ferm

R. Hager- IT Security Officer

The Team is your
most precious and
capable resource!
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Mission Design:

— Requirements

— Design

‘ ~...and End
— Ops | With Science A

& g
@ " OPERATE

ANALY ZE




Design Spiral

From NASA SE
Handbook

(Mission Success

Requirements) Criteria Develop

Design

Perfection is elusive. Analysis paralysis can waste time.



PACE Mission Architecture

Q}%

Telemetry [S-Band]
ASF:
Alaska

Fairbanks

Science Data
[Ka-Band] Mission
0€e atios

egment




Mission
Authority

v

Mission
Objectives

v

Mission
Requirements

Mission Requirements Documents

Programmatics:

- Cost

- Schedule

- Constraints

- Mission Classification

From NASA SE
Handbook

Customer

Implementing
Organizations

System
Functional <
Requirements

Environmental
and Other Design
Requirements
and Guidelines

Institutional
Constraints

Assumptions

System

S S ——

» Performance |
Requirements

v
v v v v

) Subsystem A ' Subsystem | | Subsystem Subsystem X
Orgarnzed from Functional and ' B C © | Functional and
Performance o Performance

top-level to many
many details at
lower levels

Requirements

v

v

Requirements

|

v

v

Allocated
Requirements

Derived
Requirements

Allocated
Requirements

Derived
Requirements




From PACE
V&YV Plan

N L

2: Mission Systems

1: S/C Systems Eng
2: OCI Systems Eng

s

Cojor Key: PACE L1 RQMT
TDMS DOORS L1 ESMPP App Y
Only & TDMS 1: Mission Systems
2: MSE
-
Mission Rgmt Mission Ops
L2 Doc (MRD) Con
1: Mission Systems el
: P -
h 2 v _ -‘ 2: MISE Alloc/ -De-S|gn Ref
General Sys Env Rgmt Doc Radiation Rgtr puaget (TAR) Mission (DRM)
Design (GSDS) (ERD) Doc (RAD) SYS-REQ-0020 SYS-PLAN-00XX
1: Mission Systems || 1: Mission Systems || 1: Mission Systems 1: Mission Systems
2: MSE | 2: MSE | 2: MSE 2: MSE
f, A *l
OCl Electrical | OCI Thermal | L3A 0CIRD L3 S/C RQMTS HARPP Rgmts
System REQ | System REQ Doc (SRD) & IRD/ICD
OCLELH 1+ Dierinl: 0.0031 1: OCI Systems Eng
1: Discipline SME 2: Mission Systems 1: S/C Systems Eng 1: HARPP Systems Eng
OCl2: OCl Systems Eng _ tical : SC to OCI ICD/ 2: Mission Systems 2: S/C Systems Eng
SysteMREQ | Sys©ermm REQ OCITAR | IRD e R
OCI-MECH-REQ-0032 | OCI-SYS-REQ-0036 || 1: OCl Systems Eng q

S/W, DAU, ICDU, MCE,
& Mechanisms, SWI

Subsystem RQMTS:
SSM Inctr Stniictiire \/i

IRDACD

1: PDL (Subsystem Lead)

2: OCl Systems Eng

1: SPEX1 Systems Eng
2: S/C Systems Eng

v

Component Specs:
CQh Inctr Stnictiira \/

S/W, DAU, ICDU, MCE,

& Mechanisms, SWIK

1: Component Lead

2: PDL (Subsystem Lead)

2: PDL (Subsystem Lead)

L4 Subsystem RQMTS:
ible FPA, Opto-Mech Power, Pran_DRE Comm Audaniag
\OB, MLA & Fiber GN&( 1: PDL (Subsystem Lead)

2: S/C Systems Eng —
-

L5 Component Specs:
ible FPA, Opto-[v]ech Power’ ron DE Camm A\/innins’
OB, MLA & Fiber GN&( 1: Component Lead




| Ocean Ecedﬂg;ts
‘Q 3?(2-dayé overage) :

Synchronou Orblt , :
2 day coverage B
%0 676 5 km Altitude ;

B ff’ 13/00 ASCQ - dlng NOde renennannibeessmssssnnsansansanss it Kol

e

— Continuit 5 with herltage m|SS|ons
- repeata e sun angle hlgh ‘

""%‘W%- in perlod

/

' | ? : . == SPEXone .

k!'-

\

il ? ﬁ e - P
, . e JE ‘\j R PACE P S
5%@% ~ Orbit/ Ground Trac Designed For OCI 2-Day Global Coverage &

150 B S 120 90 60 30 0 30 60 90 1
Feb. 24-28, 2020 PACEMissiormCriticatDesigmReview

x \/ 'w




PACE Observatory Design Overview

What does this thing have to do?

. Ocean Color
Support three instruments Instrument
Point in weird ways (OCI) \ ,
Get data to the ground TR
All while surviving space. .. .. for three years:

Not too cold, but not too hot!
Surviving vibration & acoustics & launch loads
Radiation, thermal cycles,
atomic oxygen, MMOD
Don’t cost too much!
(but be the best you can)

HARP2 &
SPEXone
(Locations TBR)

Once science mission is over:

Controlled de-orbit into the Pacific Ocean
b Ka-Band Earth

— Al Coverage

* Antenna

S-Band Omni
Antenna




‘PACE Observatory Layouts) |

u\

f L
h

(L
“W\ z
. N s

K. . Separation Ring
" Thrusters (8) s

Radiators On Cold
Side of Observatory

SPEXone

HARP-2

3-Panel Canted
Solar Array with
Single Axis Rotation




CONCEIVE & -

We Sieffh

* Overall: With gience...
— Stormy weather

surrounded the Federal
Budget

*  OCl Instrument:
— Optics/Detectors/
packaging/mechanisms

o
Qs
W &

...and End :
Vith Science ‘:\‘.'

* Design To Cost:

— Architecture changes ' B
— Launch Vehicle is OPERATE

unknown
ANALYZE




Solar array
(rotating)

Instrument
thermal
radiators

Earth shield

Spacecraft
radiators

Sun sensors
(13)

Star
cameras (3)

PACE FOV

“challenge

_-_I b
.

|] I
N
N,
N,

7)

OCI primary
optics

OCl solar cal

OCI SPCA
telescope

HARP optics

SPEX optics
(5)

Thrusters

(8)
Ka antenna

S-band
antenna (2)



CONCEIVE & -

* \We Start

Build:

— Thisis the “I” in “I&T”

(unless you are from
California or Colorado)

~..and End
— Typically the fun part . With Science A

2 d
@ " OPERATE

ANALY ZE










CONCEIVE & -

* We Start
With Science...
@

Test:

— Thisis the “T” in “I&T”

— Can be the fun part, if |
you I|.ke to break stuff \ . . ..andEnd
and fix stuff and never |

. With Science A
sleep ) @

@ " OPERATE

ANALY ZE




Integration & Test

. . Design & Development
Verification & : T
. . ; : Phase D(4):
Validation ALLHE LI System Demonstration
Z Concept Studies & Validation: L h
“VEE” [ Mission Objectives |« e SESHOTE FaUiC
% On-orbit Validation Commissioning _{3‘ "
4 \ / s B
) Realm of Systems o
From NASA SE ) Phase A: Enginee¥ing Phase D(3): 2 % —
Handbook % Concept & Technology System Assembly, S O
Development Integration & Test o
Operational Concept |« - — Mission Readiness Test
Design Ref Mission Final Validation L O
m
3 (& 2)
Q (3 Preli:*u?naasr; gesign Sub Phtaselth : ti
g ubsystem Integration
%% Functional Baseline |« Meteae cat ons & Qu);lificationgTests
Subsystem Specs & ICD
0»% ) LongyLead Pr?)curement ‘Subsystem Verifications WOAs & Procedures
N
%2 \
Phase C(1):
Final Design & Phase D(1):
Fabrication Component Assembly,
Ear'y Fabrication, Integratlon & Test
Coding & Procurement m Drawings & WOAs
This process — . Verifications / okt
WOI'kS, but it Enginqering L Phase C(2): K Enginqering
. esign o) Fabrication & Coding Q esign
messier that the < Drawings & WOAS Q

diagram

X e e e o
| Systems Engineering & PDLs

for Systems Impact




20

18

16

14

PACE PR/PFR Status
PRs: Problem Reports (little problems)
PFRs: Problem/Failure Reports (big problems)

- Don’t know root cause
Yellow: Working on the fix

Fixed; assessing risk
ET@PM/CSO review

Problems are going to happen; our PFR process is robust and very useful.

1200

1000

800

600

400

200

PR
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" We Start
&

With Science...
Launch:

— Nerves of steel

~..and End

. N> With So
—Team gets divided L.,
in two!

‘\\

S @ " OPERATE
* Fun lucky few

e Miserable cold rest ANALY ZE




PACE Launch Vehicle is a FALCON 9

Award selection made public on 4 Feb 2020

Using a flight-proven booster

No ESPA/rideshare simplify integration & flight ops
Plenty of room in the fairing; T-0 purge

Launch site is CCSFS/KSC

Performance gets PACE to orbit on direct ascent
Similar trajectory to SAOCOM-1B

CX-40 at CCAS/KSC

o Vehicle integration hangar mple)
@ Hangar annex \, o . (T Q Launch Pad
. A .
9 Launch pad e | . Largg Processing
~ Facility
e Pad customer room

Hangar X

SpaceX Launch
Control




Launch Site Team Environment
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OREX Launch Video
| stole the clips; | am no Kurosawa.
| stole the music; | am no Williams.

Personal use only; do not make any money from it.

Apologies to Lightning McQueen, ULA, Lockheed, GSFC!
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Mission Ops:
Don’t get creative

" We Start
&

With Science...

~...and End
With Science A

= @ " OPERATE

ANALY ZE
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»  Four NEN stations:

« Fairbanks (Ka & S-band)

* Punta Arenas (Ka & S-band)
« Svalbard (Ka & S-band)

« Wallops (S-band only)

.+ ~21.5possible Ka contacts /4~
" per day
« PACE requires ~14.5 per day
to keep up with data collected.

m GN Ka-B;
Angle: 10°

; !
PACE 676.5 ki land Station Coverage - 4 days 30,000, X
Elevation Mask An - Minimum Pass Duration: 5 min. o - .
1 | | | T o Turn off
O) dBD M $ s Polarimeters
| 1
@ O | d
; , . < | 30,000, X X
L S0

b o0 PPN P
=bb| [P0 P
FE b o BB b 00 ROONITI0000:

Each Row = 1 day, ~14.5 orbits; Each division = 1 orbit
Required contacts circled in @



CONCEIVE . DESIGN

End of Ops: @ G| BUILD
Turn off the il
Spacecraft ® - \?\;i}’rthcience...

Safe ocean disposal

Then it’s back to the

science wizards: /LAUNCH
" ...and End X
Ask more N . ith Science A
questions so we can A o o >
. . : ca OPERATE
do another mission!

ANALY ZE




CONCLUDING THOUGHT

“The flying machine which will
really fly might be evolved by
the combined and continuous

efforts of mathematicians and
mechanicians in from one
million to ten million years”

The New York Times
9 Oct 1903

“We started assembly today”

Orville Wright’s Diary
9 Oct 1903
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