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EDL V&YV is Challenging

Mars 2020 Project

 EDL is very complex

« Cannot completely "test as you fly, fly as you test”

« Strive to design EDL System and EDL V&V Program together
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EDL V&V Domains
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Flight Dynamics

External Behavior
Environmental Interactions

End-to-End Simulation fed by validated models

Spacecraft Models

Subsystems Flight System

Hardware Verification
Unit-Level Software Verification

Subsystem Verification
ATLO

Internal Behavior
Hardware-Software Interaction

Testbeds, ATLO

Mission System

Operations
Teams, Processes, Tools

ORTs, EDL Communications

EDL V&V is very complex and having domains allow us to decompose the problem
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EDL V&V Venues
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Increasing Command and Response Fidelity >

Mars 2020 EDL architecture allows for axes to be decoupled
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EDL Event Tree ‘@

» Hierarchical method of enumerating all conditions and events that must
be successfully executed to ensure EDL success

Mars 2020 Project

 Activities required to satisfy the nodes of the success tree are a superset
of those that appear in a requirements-based V&V matrix

« All EDL requirements are mapped to Event Tree elements; not all
elements can be associated with requirements
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EDL V&YV Structure

Project Levels 1 & 2 EDL Design
Requirements

Mars 2020 Project
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I Flight Dynamics (externfllbehavior Fligh@Bystem (internal behavior)
| ‘ﬂ." .
A\l 4
EDL Functional
Certifications (EFCs)
I r

EDL Event Tree
EDL Test Procedures
Verification'Rctivities

- Subsystem/System Testing

- Hardware/Software Delivery
- ATLO/MSTB/WSTS testing
- Analysis (FRSIADAMS, etc.)

Additional Work

Legend

EDL Risk Review

Blue items are tracked in
DOORS Next Generation (DNG)

Requirements are not enough
to V&V the EDL System



Flight Dynamics

(1 of 2)

Jet Propulsion Laboratory
California Institute of Technology

Mars 2020 Project

Mission Design/ Navigation
* Monte SUFR
* ACS &uwr wiidget * EBMD Separations test
* HRS Vont disturbance o OMINPOST trajeciony analysis
Recontact Analysis Deployment
* Crulse Stage / CBMD R :“é:‘[”"‘"““ * Parachute lid recontact ltesting
recontact analys:s « Ballist tost * Mortar ground fwe tests
7 Entry Interface * Cruise Stage breakup analysis B d:ccs';:;gf.;’;‘:? o Mortar deployment tests
Inflation
* CFC .
f'é?'é"(m'gi'.’ggﬁ'"“" o Wina tunnel testic . gg‘:"jﬁLgr' PEPP. SHAPE tests |
o Wind tunnel testing: T5, Atmosphere Stnng.!h ’
LENS, Maché ¢ Mesoscale modeling * Subsonic wind tunnel testing
* Entry body venung analysis * MarsGRAM 2005 Infiated Performance
TPS Response * Obsorvational data * Flight data
* High fidelity material response Propulsion o Viking test d
gt e ACS tests - IKing test data o
Peak s « Foed systom test * Viking, MER wina tunnel daty
Heating e e « Siosh analysis * Plume on parachute CFD
e
Aevodeformation * RCS Plume Study Near Flold Separation
« CFD Mechanical * Viking interaction
» NASTRAN * Modal tests aerodynamics wind
*  Modal analysss tnnel data
* Statc and vibe ads Parachute * Soparation hardware tests
’ d tests Deploy Far Field Separation
— * CFD
Peak / e * Wind tunnel tests -
Deceleration Hypersonic 7\ )
Aeromaneuvering 0 Heatshield
Separation
POST 2
DSENDS

End-to-End system simulation is composed
of test-validated or analysis-validated

models spanning every segment
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Every model is subjected to a certification process ~. 7




Flight Dynamics

Navigation Filter
* IMU/Radar/Nav filter
ﬁ field test
* IMU bench tesling
» Radar bench testing

Radar Data
Collection
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(2 of 2)

Near Field

* |nteraction aero: CFD
* Separation hiw tesl
Far Fleld

* Aero properties: CFD

Backshell
Separation

Subsonic Aero

* Wind tunnel tests
Propulsion System

* MLE tests  _

» Feed system test _
» Slosh analysis
Atmosphere

* Mesoscale modeling
* MarsGRAM 2005 _

* Observational data
Mechanical

* Modal tests |

* Modal analysis
« Static and vibe loads tests

Mechanical
» Observational dats
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Subsonic Aero

* Ground interaction
CFD

* Plume modeling

* Wind tunnel tests

Propulsion System

* MLE tests ]

* Feed system tests

« Slosh analysis

Mechanical

* BUD tesls

* Rover touchdown
tests

« Full Motion Drop Test

L

Independent validation is achieved using another simulation or analysis, where applicable
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Serves as lower-level V&V for EDL functions and model validation for simulations
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Mission System Nasa] e

Mars 2020 Project

Flight activities leading up to EDL are executed in a short timeline, so the associated
personnel, processes, and tools need to be exercised
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EDL V&YV Schedule
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M2020 Milestones
EDL Milestones

Landing Site Workshop 4 , ORR Lawnch Landing
Landing Site Safety Assessment EDL SRB Check EDL Risk Roview |

FLIGHT SYSTEM
FSW Testing (Nominal)
FSW Testing (OMf-Nominal)
ATLO System Tests

FLIGHT DYNAMICS
EFC Closure (Landing Site Discriminators)
EFC Closure
EFC Reviews
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MISSION SYSTEM
Thread Tesis
Operational Readness Tests

SUBSYSTEM
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Hardware Delivery Reviews |
|
|
LJ

There is more time to execute the Mars 2020 EDL V&V Program (compared to MSL)
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All essential components of Mars 2020 EDL V&V will be completed before launch in 2020,

with additional flight software and operations testing extending until landing in 2021.




