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What is a phase lead?

: *p'hasebead is the single Sy.ste'ms‘!ﬁ-giqeerin.g bellybutton that the project
assigns to coordinate the successful executlon of a mission phase from
design to verification = | | ", |

. Organlzatlonally serves as a sub- d|SC|pI|ne of the systems engineering team

* Core responsibilities include:
* Concept of operations development and documentatlon
* Management and tracking of phase-specific risks
* Planning and execution of phase- specific V&V
. Support through operations



History of phase Iead role

*st form}ally defined in Jet Propulsm#tamratory S (JPL) Mars Exploration Rovers
(MER) project -

 Utility of Phase Lead role on MER was adopted out5|de theJ\/Iars program

* Past GSFC projects with phase leads :
* First adopted on MAVEN with Mars orbit insertion phase
* OSIRIS-Rex — science, touch-and-go (TAG), and earth return phases
* Lucy — encounter, launch+cruise >
e JWST - deployment and commissioning phase

* Current GSFC projects in development with phase leads:

* Deep Atmosphere Venus Investigation of Noble Gases Chemlstry, and Imaging
(DAVINCI)

* Capture, Containment, and Return System (CCRS)
* On- -orbit Servicing, Assembly, and Manufacturing 1 (OSAM-1)



Item description Phase lead SE Traditional SE

» Specific portion of the mission » Responsible for the execution of the
objectives relevant to phase entire mission objectives
Detailed technical knowledge in phase- Broad technical knowledge and
specific area (i.e. AEDL) may be needed understanding of the SE discipline

Technical focus / scope

Usually resides within project SE team Usually resides within project SE team
Place and interactions similar to a discipline SE as S/C, payload, or instrument SE
within organizational Interacts closely with a subset of the Interacts broadly with all
structure implementing subsystem teams that implementing subsystem teams
execute the phase functions required to complete mission

Characteristics / skills Both require strong leadership, communication, and coordination skills

SE experience Must have experience enough to understand and engage in all the various SE
subdisciplines (ie. system architecting, requirements, trade studies, risks, design
development, V&V, system performance analyses)




Why is it important?

. ;ﬁgures focus on mission an‘ﬁ)r t‘lﬁ&qitical activiti_es throughout the life.

cycIe . ;

* Requirements, ops concept de5|gn V&V risk managerﬁent |

* Operations implementation — timeline & sequence of events,
ground processes/schedules, key decisions, training

* Continuity of knowledge from development through operatlons . |
|mplementat|on | | - e



Wha:c types of projects would benefit?

. ~m‘ique and chahging Cthpi;\R}itmple critical events

* ConOps that focus on a functional sequence of activities
U ‘ s

* Thus far, these characteristics primarily serve planetary missions

e Earth science and astrophysicstraditionaIIy_just have launch and
commissioning phases, followed by science observations

)
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DAVINCI: In-Situ Phase

nhea of DAVINCI is a %‘r‘m
us a

descent through the Ven osphere

Nominal Desce

nt Timeline

hot: .~ N

70l %' Parachute’

% (Inlet2open

* No requirement to surVIve landing = e ‘-.;'az"'c"“‘sémp
» 7 of the 8 DAVINCI science goals can onIy Uz i Ny
met during the In-Situ campaign - meenzs;m .
* Coordinated activities between 12 of the 15 5
project eIements o | o rhaES a °‘°“”’.
* Primary In-Situ Phase challenges are: . e
* Survive entry and descent g | )
* Get all of the right measurements at the rlght
altitudes -
K Uplmk all of the rlght data before Iandlng . Lt N e
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nute 59.7
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DAVINCI: In-Situ Integrated Modeling
. .ﬁ'()f intefyrelated y *'t..

models used to simulate | Model V&V:
the descent phase . Inspections
 All inputs and parameters * Tests
Include error bars or * Independent Analyses

variance. The POST?2
model incorporates those
Into a Monte Carlo

Inputs:
» Atmospheric Properties Inter-Related Results:

simulation. - * Incoming Trajectory Models: Entry/Descent

2 ' i - * Sequences EMTG, MIRAG Environments

« Quantified requirements ADAMS Altitudes of ke
are checked on each run Simulink 4

Parameters: POST? measurements

{| * Mass Properties Data transmitted
P MAP. LAURA,
Aero Databases . to CRIS
- ) FUN3D, Empirical
Radio Link Properties

and report out results two
ways: |
* 1% or 99% worst case

* % of cases that meet the
requirement




DAVINCI: In-Situ Requirement Validation

e Built an “I)efl-Situ phase success treexdown to the

level of “element does a thing”

* Provides a framework for decomposing and framing
a successful descent.

. MaPped L1, L2, and L3 requirements to those nodes
on the success tree to ensure that all necessary '
functions are adequately described by

requirements.

« Will be used to structure validation tests going
forward 7

« Significant amount of design and verification
relles on the descent model, so we need to
validate that as well. |

« Every sub-model and input gets checked against
test results or independent analysis before launch

* No end-to-end model V&V available




ERO Mission Phases

CCRS Phases & Configurations

€ ERO Launch

CCRS: Capture & Configuration (C&C) Phase

10/28

10/28 LCOT

Launch, Commissioning &
Outbound Transfer
Commissioning
Cruise Checkouts
e Aliveness Checks
In-Flight Rehearsal & SCV
Lid Pickup

MOl 10/29 12/31

Burn € © Arrive Mars
Outbound Transfer m

Spiral Down

1031 | ()

Capture & Config
« Capture Prep
e Capture OS
* Funnel
* Orient & Inspect
¢ 0S Base UV illumination

S On-Orbit As

OS Pickup

OS Body UV lllumination
LOS Install

Micrometeoroid

Start Spiral up

Capture
Configuration

Capture Enclosure
Jettison Config

Protection System
Open Configuration

10/32
Leave Mars

AEDL (3d)

° CE Jettison 0 Deliver EES

MMPS Open

o EES Release

Earth Entry
System Release
Configuration

CCRS key objective is to
capture Martian regolith
samples from Mars orbit
& safely return it to
Earth

Established 5 phases
requiring
* Unique ConOps

* Single person to
supportfocused
discussions across
external interfaces

e Complex dynamic
analyses for V&V
C&C phase
e Key capture function

e Configure sample for
secondary
containment



CCRS: Dynamic Simulations for V&V of C&C Phase
po &

)

Mars Ascent Vehicle (MAV)

OS max rotational kinetic
energy / spin rate

Orbltlng Sample (OS)™

Mass properties (MOI, mass, eﬂ) 2

* CG offsets
* OS max dimension / outer mqld
line

Earth Return Orbiter (ERO)

» OS relative velocity magnitude
OS relative velocity vector

* OS cross-track position

» Spacecraft dynamics / attitude control

Monte Carlo
approach reduces
conservatism in
highly-constrained
system - Phase

lead responsible
for working
requirements
across external

[

CCRS
Capture geometry

Sensor plane locations
Mechanism plane where
physical capture of OS occurs
Capture cone alignment

interfaces to
determine
appropriate
distributions to
the analysis

Value
# Capture-before-bounce-back Input Parameter ; o
[Requirement*] :
Value P s
1 05 Velocity (cm/s) 4% # Capture-before-bounce-back Input Parameter [Requirement*] Input Distribution for Monte Carlo Budget Derivation
v2 0S Cross Track (cm) <10* 1 -
- 1 0S Velocity (cm/s) 4* Fixed
3 OS Trajectory Angle (deg) <5* - — - - -
- . 2 OS Cross Track (cm) <10* Gaussian distribution with 3 sigma at requirement values
4 0S Max Dimension (mm) 332 , - - T
- 3 OS Trajectory Angle (deg) <5* Uniform distribution +/- 5 deg
5 0S CG Offset (mm) +10 X,; +5 radial* : . 2 -
- - 4 0OS Max Dimension (mm) 332 Assumes CG at centroid
6 0OS Max Rotational Kinetic Energy (J) 0.53* . . ,
5 0S CG Offset (mm) +10 X, 5 radial* | Uniform CG, Uniform Offset
7 0S MOI Ixx, lyy/lzz (kg-m?) 0.079,0.091* - : . - ——
: 6 0OS Max Rotational Kinetic Energy (J) 0.53* Triangular distribution from 0-0.53J
8 S/C dynamics (deg/sec) +0.025* .
— - - 7 0S MOI Ixx, lyy/1zz (kg-m?)- 0.079,0.091* Fixed for 11.5kg OS
9 OS Initial Orientation, 3 Euler angles (deg) [0 360] ; » .
8 S/C dynamics (deg/sec) +0.025* Fixed rotation about spacecraft CG
Time Before Boynce-back (sec) 0.44 9 OS Initial Orientation, 3 Euler angles (deg) [0360] Uniform




CCRS: C&C Phase Lead Role

: %é phase lead was important. for"'lﬂ’e'nu'fyihg.a single bellybutton to own
the key capture and configuration functions of the mission
~» Fulfilled a missing human interface to other MSR program missions

-.Durmg SRR thru PDR tlmeframe focused on deflnlng all the input
parameters needed to assess capture performance and deliverables
- included:

* Success tre'es‘ 4

* Requirements development

¢ V&V plahs.. SRS

* ConOps documents (snake chart, phase timeline, etc)




OSIRIS-REx Overview

4 A‘I'marygechnical objectivg;;_colle&-anﬂ return to Earth at least 60
grams of pristine regolith sa‘m'_°ple from asteroid Bennu

EARTH
GRAVITY APPROACH SAMPLE DEPARTURE SAMPLE

LAUNCH ASSIST MANEUVER  COLLECTION MANEUVER RETURN
™ 7’ N
OUTBOUNDSRUISE ASTEROID OPERATIO‘NS\ RETURN CRUISE SAM

MISSION OPERATIONS TIMELINE ~ 2016 2017 2018 2019 2020 | 2021 2022 2023

” : : _ ~
” N

DETAILED SURVEY:
BASEBALL DIAMOND

‘ APPROACH ORBITB ORBITR REHEARSALS

SR )
o e

ORBIT A ORBITC
L ]

SITE SELECTION CAMPAIGN ;
SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 4

EEMINARY.EQUATORIAL WINDOW X
STATIONS -




OSIRIS-REx: Touch-and-Go (TAG) Phase (1 of 2)

Key Challenges:
* Autonomous navigation & maneuver
updates
* Avoiding hazards
* Collecting & retaining the sample
T-85min: TAG Look-ahead Attitude

T-245min: Sun point w/LGA Comm
T-242min: Arm Extended for TAG
T-200min: NFT attitude/imaging begins

MavCam FOW

Ly g~ Orbit Departure Maneuver
- ’ T-4.3 hr: Range 700m, AV =9 cm/s
Safe Home Orbit
T-7-14 days: NFT Catalog Upload
T-4 days: Phasing Burn, AV < 1 mm/s
U T-6 hr: Final parameterupload

Sample Stowage (T+~13 days)

= Verify w/ StowCam imaging
and SRC Contact Switches...

* Cut GM2 Line, Remove Arm

T-34min: ¥Y-Wing 5/A Config

T-31min: TAG Attitude achieved
T-21.5min: NFT updates CP & MP burns

—

et
i
L

5m Crossing (T-~60s)

* Final NFT Safety check
(wave-off if warranted)
* System armed for TAG

End CP
Rehearsal

Sample Verification

* HGA Comm (T+3.5hr)

* Sample Head Imaging (T+2d])

* Sample Mass Measurement (T+4d)

Checkpoint (T-20min)
* Range 125m
/ * NFT Safety monitoring begins

t 2

Matchpoint (T-10min)
* Range ~50m
* NFT Safety mon. continugf

End MP Rehearsal
{25m Crossing

Sample Collection (T-0)
» Vertical Velocity=10 +/- 2 cm/s \
Triggers (IMU, Pogo Microswitches)
GM2 bottle fired, sample collected
Back away Timer Resetto5s
6-16 sec contact

TS T+1min: Post-TAG S/C Reconfig
(Sun/Array/Arm Config., Desat)

Backaway (T+ 6-16s)
* AV =40cm/s (TBD)
* Back-away imaging




OSIRIS-REx: Touch-and-Go (TAG) Phase (2 of 2)

) T‘ase Leads for both NASA and ; | Success Tree
prime (Lockheed-Martin), for bofﬁ"

Orbit Departure ‘

development and operations - s

& Stowage

( Sample verify |
se

* Key focus in development was the TAG
Success Tree and corresponding
Verification & Validation Matrix, used to adir

"
. : ¢ i
\ h ) (MMR) (CP MPB) (MMR) (CP Rehearsal) |(TRR) (MP Rehearsal) |(TAG)
successful TAG were fully V&V'd : :
o TAG Phase Plan [irajectory CP Phase Plan |CPPhasePlan |MP Phase Plan |MP Phase Plan |NMP B Plan |TA se Pla
. = -~ . elivered TCR in review [TCR approved |TCR opened TCR inreview [TC red Cl !

Nightingale Mightingale Nightingale Nightingale Nightingale ightinga Mightingale
NFT Products features features features features features s features

[ Key fo C u S i n O p e r‘a t i O n S Wa S t h e TAG V identified delivered delivered uploaded delivered ploaded
X :  — On schedule; On schedule; On schedule; On schedule; P . .
M 0 DEM specs 1st cut final parameters parameters L ) _
Readiness Checklist, used to ensure all | et e firavet [t |reptnaeed |map upo
. ’ > . hearsal MNominal CP All required All required Mominal MP All required
p re p a ra_tl O n S Were CO m p | ete d a n d TAG Sequence f;zsge;:r‘:ed testing CP testing CP sequences  (testing MP testing
co

complete complete uploaded complete

products ready to support the final TN
rehearsal and sample collection R v i o

AG Reh I set for 4/14; |CP set for 4/14; |CP set for 4/14; |CP set for 4/14; |CP complete;
ehearsals
& o MP set for 6/23 |MP set for 6/23 |MP set for 6/23 |MP set for 6/23 |MP set for 8/11 |

-




OSIRIS-REx: Entry, Descent, & Landing

(EDL) Phase (1 of 2)

.

Entry (133 km,

Bus Flyby ~780 km
FPA-8.2° +0.08°)

' Divert Bum
~~~~~~~~~ (EI-3.67 hrs) T <
‘‘‘‘‘‘‘‘ _ = = Flyby Target ~200 km
——————— -bh
Flyby Target ~2000 km

-~ TCM-10 (@ EI-60 days)

Key challenges:

P

---SRC Release

Precisely targeting the
return capsule to Entry
Interface for landing
within UTTR target area
Surviving peak heating
and structural loads
Parachute deployment

Time: Sun Sep 24 2023 09:51:41678 521928

SRC Entry Entry = 9/24'/2023 Img#FromFirst 30661

E-4h Interface

Peak Deceleration -
[~55 km altitude]

Main Chute Deploy
[~2800 m altitude]



OSIRIS-REx: Entry, Descent, & Landing (EDL) Phase (2 of 2)

e Return Capsule (SRC) development,@.proach

SRC's des:?n was heritage from sucecessful Stardust mission

Much of the design was "build to print" from Stardust, save for the sampling hardware
-SRC developed and managed as a spacecraft ' 'structural"” subsystem ..
SRC release and EDL sequence essentially the same as Stardust b

LM SRC Lead Engineer during development retired shortly after Iaunch no dedlcated \JARYAY Phase
Lead

e NASA MSE during return operatlons (yours truly) was not mvolved in EDL phase development
pre-launch; little continuity

e Value of Phase Lead SEs for EDL — with continuity between development and operatlons —
evident

SRC structural and thermal margins relative to requirements was not quantified, which complicated
development of SRC release criteria .

Incorrect SRC release performance assumptions used by Fllght Dynamics and EDL teams

The need to update the SRC release attitude following the change in asteroid departure date was a
“surprise” a couple months prior to Earth return

Timing of drogue chute deployment durmg descent was very late because of miswiring of the SRC
harness and failure to identify this error in test

18



Wrap Up

o *ﬁedlcat d Phase Lead SE for time-c and complex sequenced operations
provides high value in both deve10p ent and operations to ensure mission
success

* Provides a system-level * champlon for that phase throughout the life cycle

« DAVINCI’s reliance on a tightly mtegrated entry, descent, and science profile
within a hostile environment necessitates a Phase Lead SE to orchestrate the
modeling, analysis, and V&V to ensure successful execution in flight

e Similarly, the complex sequence of steps to capture and configure the Mars
“Orbiting Sample” for CCRS relied on a Phase Lead SE to define the process and
all input parameters for assessing capture performance

* OSIRIS-REX prowded evidence of the impact when Phase SE Ieadershlp is present.
(TAG) and when it’s not (EDL) from formulation through landing

THANK YOU!.

19
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