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MSL Focused Technology Status Review @

Mars Science Laboratory

 Introduction
 MSL Technology overview
e 2002 Technology Implementation
— Technology Definition
— Technology Selection
— Technology Management
e Technology Tools
— Aggregate Project Plan
— Technology Funnel Chart
— Decision Analysis Tools
e Conclusion
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Next Generation Capabilities for EDL @

Mars Science Laboratory

EDL Key Features

* Precision Guided Entry
— Hypersonic Aeromaneuver

eGuided Entry

eHazard Guidance
Detection and — Small Landing Error Ellipse (<10km)
Avoidance « Autonomous Terminal
eModified Viking Descent HDA
Engine for Descent — Position/Velocity Measurements

Using Phased Array Terrain Radar

— Autonomous Crater Detection and
Avoidance

— Subsonic Chute for Longer Hang
Time Needed for Hazard Detection
o Efficient Touchdown
System

— Safe Landing of Large Mass using
“Skycrane”

eRobust Landing
System
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Next Generation Capabilities for Surface Mission @ w

Key Features

Robust Software Architecture
— Unified Framework for Flight/Ground Software

— Reusable Components

— Infusion of Validated
Navigation/Placement/Manipulation Technologies

— Early Demonstration of Fully-Integrated Software

* Long-lived Mobility Asset
— Electronics and Actuators Designed for 1500
Thermal Cycles

— Recycling of RTG Waste Heat to Control
Electronics Base Temperature using Pumped
Fluid Thermal System

— Potential Technologies to Improve Mission Ops
Efficiency
« Sample Acquisition & Distribution
— Two Functional Redundant Arms
— Rock Crusher and Distribution Mechanisms

Mars Science Laboratory

Surface Systems
* Flight Software Architecture

* Navigation & Instrument Placement
e Long Life Elect/Mech Systems
« Sample Processing & Distribution

UHF Antenna -
— Mast-vounted
Remote
sensing
Instruments

Radioisotope
Power Systemn (2x)

Sample Processing and Distribution
= Dual crusher
* Sample Distribution Carousel

Surface Abracer, Corer and
Possible Contact Instruments

Payload Module

= Analytical Instruments

= Warm Electronics for
Mast and Contact
Instruments

Instrument Arm with
Contact Instrument
and Scoop
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Technology Program Implementation Flow @

Mars Science Laboratory
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o Definition
= Team
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MSL Focused Technology Org Chart

Mars Technology |- - - Smel:sch;l‘eam --| Mars Science
Program (MTP) Mars SE Team Laboratory (MSL)
Program Manager |--- (MPSET) ---| Project Manager
MSL Focused
Technology
Manager
Focused Autonomy
Technology
EDL Technology Rover Software Rover Technology Tlégll:ﬁoligzy Payload Technology
Element Manager Element Manager Element Manager Element Manager Element Manager
EDL Tech Tasks Rover S/W Tasks Rover Tech Tasks Long Life Tasks Payload Tasks
« AeroshellTask Mngr | [ Flight & Ground » ARC Rover/Task Mng | |* Actuators/Task Mngr |l Sample Processing &
. IGN&C/Task Mngr Software/Task Mngr - Rover Nav/Task Mngr | |* Thermal cycle resistant Dist. Exp/Task Mngr
. Parachute/Task Mngr | [ System Validation / * Ins Place/Task Mngr electect./Task Mngr * Planetary Protection /
e Engine Dev/Task Mngr| | T@sk Mngr *  Oport Science/Task Mng | [ Heat Reject System / Task Mngr
. RADAR/Pollard » Rover OpsiTask Mngr | [+ CLARAty/Task Mngr Task Mngr * Manipulation Tech /
. Safe Land/Task Mngr *  Rovr Maint/Task Mngr Task Mngr
*  Mod. & Sim/Task Mngr *  MSL-WITS/Task Mngr
* POST M&S/Task Mngr * Mod & Sim./Task Mngr
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Mars Program SE Team (MPSET) Charter @

Mars Science Laboratory

« Composed of senior system engineers chartered by and
reporting to the Mars Program Manager. ...takes on
studies, provide advice, and serve as a review body with
the explicit objective of ensuring that the Program is
optimized as a whole and not on a basis of project by
project.

 The Team will identify and prioritize critical trade issues
with multi-project implications. It will penetrate the issues
to a level needed to draft work statements for targeted
study teams who will perform these studies/sensitivity
analysis. MPSET will review the output of these studies
and make recommendation to the Program for a course of
action that balances cost, schedule, risk and capabillity.”

2004 IEEE Aerospace Conference RTC-7

PRE-DECISIONAL DRAFT; For planning and discussion purposes only



. _ .y
Risk Assessment and Technology Planning “Hﬁ

J| SOLAR
A
SDT PROJECT 5 1.
D
P
LEVEL 1
REQ'TS > RPS A
A N >
A RISK »  TECH
MPSET L LIST PLAN
Y
S
E
S
J| SOLAR
B
A
DDP — DEFECT, DETECTION, AND PREVENTION
MISSION
SUCCESS
CRITERIA ‘ RPS
B
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Simplified DDP Summary

@;

DDP utilizes two matrices: the Requirements matrix (R) and the Effectiveness matrix (E)

Mars Science Laboratory

Effectiveness of a given PACT to

Impact of a given FM on a particular
requirement

detect or prevent a particular FM

ed Risk Balance
IS program
oject decision

Failure Modes —» Weighted Failure Modes
Reqt Drivers
f NEREEE T
: D I1
= 2 H
2 5— |
@ & ] - / O
: E = . O
¢ g— = = E
Requirements - — - : D
e o — 0
2= | .. O _ X
S ]_[ or
, < Syl @mmENg
<
(5]
5
E FM Impact r
=3 mpac o
- =
= 3
c 7]
o &
§ Failure Modes (same
E sequence as FM Impact pareto)
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at risk/mitigated by Technology Program investment
Mars Science Laboratory
=1

Law:uutl ﬂ Su:urteu:ll |||| Sorked G-) l{.ﬁ.ll}j
ud -1 Key:m
t Rizk|Saved|OK

=10x|

Law:uutl =) Only| - | add New| - |

E|. 1:Great science mission

‘ 2:Land safely
3:Land precisely
i 4:Go to capability [TBED km])
— . 5:Do TED wnitz of science
o 6:Land in 2010

Total Height= Extent to which requirement is at risk due to Technology Risks
IS extent to which risk is reduced with application of Technology Plan
Red is extent to which requirement is still at risk

2004 IEEE Aerospace Conference RTC-10
PRE-DECISIONAL DRAFT; For planning and discussion purposes only



i INTON TUCTHIULITITU

B i 124:MSL Minimum Nuclear Risk List d
& 125:Programmatic
Dﬁ 126:Foreign participation issues
| 127:Untenable international agreement
128:ITAR issues hinder collaborations E
129:Lack of secure collaborative development
H- Dﬁ 130:Key assumptions turn out not to be true
- 131:MDS baseline is under-funded

132:MER overuns are not managed w/o furthe
133:M5L LIDAR functionality is not preserved
134:Radar technology is under-funded
135:0pNAY is under-funded
136:Electra is under-funded
137:JPL in-house capability is inadequately pre
138:X2000 components not available
139:Launch approval not covered by LA group
140:Partners are not adequately funded
141:DSH Loading lssues
142:Mars Program uncertainities disallow timely defi
143:loss of control of project design database
144:Reduction in Science value of mission
145:Reduced GOTO capability
146:Reduced science capability
147:Requi fi t and st
148:Insufficient landing site options
149:Insufficient money for science instruments
150:VEY Issues
151:Inadequate physical test and verification p
152:Inadequate virtual test and verification pro
153:cross validation of physical & virtual test..
154:Lack of early test environment for avionice
155:RPS lssues
156:5tirling development does not meet qual sc

-  157:Pb-Te TECs do not meet qual schedule
- [ 158:Launch
159:Launch vehicle doesn't prove reliable
160:Launch vehicle has failure just before our launc
161:RPS Accomodation Issues
162:RPS induced radiation effects unknowns
163:RPS induced thermal management
]
165:Performance and operation of DpNAY system
166:Cruise stage issues
167:RPS Accomodation |ssues
168:RPS induced radiation effects unknowns
169:RPS induced thermal management

180:Terminal descent ground effects
181:Terminal descent aero effects unknown
182:Terminal Descent Plume effects
E3 183:Integrated GMAC/EDL unknowns
184:General Integrated GMEC/EDL unknowns
185:1 ion of haz. i GME&C subsy:
186:Landing errors exceed requirement
187:Engine vibration destabilizes LIDAR mirror durin
188:Lander pitch during horizontal deflection prever
189:Algorithms select safe sites with significant egre
ﬁ 190:Inadequate design for suiface imaging haz dete
191:LIDAR /radar or algorithms report false safe
192:Mars ph model inadeq
193:Retirement of key personnel
194:misgion design tools inadequate
195 incestuous validation

234:Sample analysis inventions don't make it ol
235:Rover not able to egress from pallet
236:50 W TWTA suffers from corona/multipaction b
237:Inadequate UHF data return due to mechanical
FIET 238:Autonomy Issues

23%:Autonomy lack of definition
240:5ystem integration of digparate autonomy t

ﬁ 241:Autonomy doesn't realize anticipated perfo
242.0n-board autonomy insufficient to saf
243:Rover unable to reach goal from landi
244:Unable to accomplich traverse scienc:
245 Autonomy does not realize reqts for or
246:poor Instrument placement
247:can't do Hazard detection and avoida
[0 248:Mis-Determination of st

24%:Rig testing of aut sk pr

250:don't understand ops implications of autom

251:Validation of autonomy problematic
G 252:MDS Adaptation |ssues
253:Rover technology adaptation issues
254:Avionics perh in all

196: simulati t funding is not preserved
197:Pallet/surf. and soil int: ti
198:Radar Altimeter unknowns
199:2-chute system. large cost uncertainty
200:Entry body iszues
201:lack of TPS i ion to take
202-lack of EDL avionics redundancy
203.CG offset is tough to implement
204:Rock net design
205:Lander/carrier stage separation issues
206:M0I Issues
207:Approach nav issues
208:E arth set during EDL
O 209 Proximity Havigation lzsues
E 210:RP5 Accomodation lssues
211:RPS induced radiation effects unknowns
212:RPS induced th | t
213:1ack of robust EDL data return strategy
- 214:Surface
. 215:Long life device issues
216:Qualificaton of brushless motors
217:Lubricants inzufficient
218:insufficient bearing life
213:MER class thermal enclosure materials too
220:MER dust sealant systems insufficient for I
L3251 cunent an relable slectionics design & b
222:Battery long life issues
O 223:Solar array long life non-dust issues
224:5ample preparation, handling and transfer issue—
225 Surface System power inadequacy
72:Inadequate flight computer 226:Dust-induced power loss
173:inadequate throughput to meet EDL re 227-Solar cell not developed within
174:Lack of L2 cache proves to be bottler 228:No commercial DC-DC power converters fo
175:Inadequate system bus G 229:Payload inventions dont make it on plan
176:Long lead issues in optimum avionics desic 230:Senzor inventions don't make it on plan
177:Descent engine issues ﬁ 231:Drill unknowns
178:Whong Angle of attack at supersonic chute dep 232-Rock corer unknowns
_ITB:T minal descent ground effects O  233:1m Diill unknowns

004 |IEEE Aerospace Co

scil

PP

255:Rover system design issues
256:5ystem FMs and responses not identified
257:Unknown number of RP5s required for design
ﬁ 258:Telecom issues
259:Lack of telecomm scenario definition resull
260:5urface system antenna patterns
261:Undefined DTE telemetry
262:Lack of detail in mission scenario including grot
263 Consequences of 30 day solar conjunction ever
264:Excessive instrument mass
ﬁ 265:RPS Accomodation Issues
266:RPS induced radiation effects unknowns _
267:RPS induced th | t I

&5 170:EDL
53 171:Inadequate avionics

rence RTC-11
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ﬁ before/after application of Technology Program’investments .

Mars Science Laboratory

[RiskBalance Highis == 20 Mediumis == 5

Layaut| I, SDrt&HDld:
2] [-1 Key:

4
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" MriskBalance High is == 20 Medium is >= §

Layout| ], Sortsold i il pacted (O (AH)j Rememherl Showing Delta
kd 1 Key:
HKevs avedlUplDown|General| Technology Engineering|Program Paliicall Sciencel Oter design cycles]

S Minimum Mizsion Risk List:Sutface:Autonomy |ssuesdutonomy technology issues:Inadequate testing and walidation

4
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responses not identified\ma equate autonomy testing and validation

T

f L2 gache proves to be bottleneck ystem mgss of engineering elements of rover exceed allowable limitg

uate detailed simulation for EDL new tech Dyst-induced power loss

Inadequate autonomic Hazard detection and avoidance

‘ent and reliable electronics design & packaging

L N . alidation of autonomy problematic
nologies insufficient in Mars thermal environment

Legend
Purple= Technology Risks

Red=Technology/Engineering Risks
=Mitigated Risks

Red line= High/Medium risk boundary

Yellow line= Medium/Low risk boundary
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lecnnology selection Frocess

Mars Science Laboratory

31.1

Science
Definition
Team
(SDT)

3.1.2

MSL Project

Y

Mission Science

3.1.3
DDP Analysis

» Requirements

Mars
Program
SysEng —

Team
(MPSET)

Y

Mission Success
Criteria

MSL
Baseline
Mission
Concept

Define
»  Mission

(DDP — Defect,
Detection, &
Prevention)

Identify
Candidate

A

Risk List

Technologies

Refocus tasks
(1-3 months)

| 3.2.1 )
on Hold Modify |
l ?r?ilt(iaaclt Present 8.2.3 Write / Modify I
| Technolo Technology Review Technology Approve
Tasks 9y o Task Tasks? Agreements TDAs? |
| Proposals (TDA) & FFEs
| Approve |
End |
- - - - e e —
< Repeat weekly N Repeat monthly - Repeat yearly
3.3.2 i 3.3.3 3.3.4 3.35 3.3.6
Technology Technology
Element Mgﬁznﬂzm Change Ei?jr Readiness | ppg
—»— Technical > Re?/iew »  Control < Review »—» Certification —»
Meetings Board Review
MMR
(MMR) cce) O) (YER) (TRCR)
Technology L
Change f — L
Requests O O
(TCR) C - —
‘ Management Attention ‘
A\ ~4 (U
I_ Fam Y
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(based on mission concept, performance requirements, risk list)

Mars Science Laboratory

» Overview (Quad Chart) — One slide summary of the task
Including a picture, objectives, milestones, organizations,
subtasks, schedule, and funding levels

» Objectives and approach — Describes objectives, state of
the art, performance goals, and implementation approach

» Backup data — Data for reviews to assess the impact,
sensitivity, risks, and procurements of the task

» Recelvable/Deliverable Lists — List all items being
received by the task and delivered from the task to a
project element.

» Budget Estimates — Assessment of costs to complete task

2004 IEEE Aerospace Conference RTC-14
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g rrepare, keview, and Approve DA W

* Introduction — Describes the technology, assesses the state-of-the-art, and defines
the current TRL.

» Objectives — Describes the task’s technical objectives and goals.

» Technical Approach — Describes the methodology and approaches to conduct the
proposed development.

« Significance — Explains how the task will contribute to a NASA Mission.
* Milestones and Deliverables — Identifies when major milestones will be achieved.
* Funding Distribution — Lists the budget, who is funded, which year, and totals

 Documented Partnerships/Cooperative Agreements — Describes any partnerships,
cooperative agreements, or other agreements that involve this task.

« Comments — The following questions determine the tasks funding sensitivity, work
breakdown, task dependencies, and other issues associated with the task:

« Infusion Plan — Defines the plan for applying the technology developed in this task to
a practical implementation.

* Reporting Plan — Defines the plan for reporting status/progress on this task to project.

« Commercialization Plan — Defines the plan for transferring the technology developed
in this task to commercial use.

« Approval — The TDA sequence of approval is: Task Manager, Element Manager (or
Level-1 Manager), Section Manager, and Project Office.

2004 IEEE Aerospace Conference RTC-15
PRE-DECISIONAL DRAFT; For planning and discussion purposes only



g | CLONOIOYY idllayclliclt FTOCEos W

Mars Science Laboratory
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A
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Definition
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Mars Science Laboratory

Phases

Knowledge Concept Basic Prototype Pilot Manufacturing
Acquisition Investigation Design Building Production Ramp-Up

l |
High | | |
ABILITY l |
TO INFLUENCE | I
OUTCOME : I
|
index of | |
ftention and { :
Influence | |
_ I |
ACTUAL R, |
MANAGEMEN | . |
ACTIVITY 1 1 1 A - |
PROFILE |

Low
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Mars Science Laboratory

Technology
Change
Request (TCR)

Technology
Development
Agreement (TDA)

Technology
Reserves

Technology
Change Control
Board

Decision Makers:

= MSL Project Manager
= MTP Program Manager
Advisors:

= Technology Manager

= Element Managers

= MSL Chief Engineer

Tech Manager
Change
Request
Evaluation
3
Threshold:
- $20k
- 1 month
Task Manager Elgmant
Manager
Change Change
Evaluation & ;
Approval Evaluation &
Approval
A
Y
Line
Management
Change
Evaluation &
Approval

A

Technology
Lien List

Disapprove
TCR & Archive

Approve

Approval TCR
& Archive

Y

Follow-up:
- Modify TDA
- Archive Agreement
- Verify Implementation
- Close TCR

2004 IEEE Aerospace Conference
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34 1ECNNOI0gY Readlness Lertlicalion RevIiew g

Goals:

 Establish MSL technology infusion maturity requirements
 Establish criteria based on TRL guidelines

 Specific criteriato be assigned to individual MSL FT tasks

Maturity criteria—Hardware Maturity criteria—Software
— Design — Design
* Drawings  Performance estimate

» Materials/parts selection
» Analyses - Thermal, loads and accoustics
» CG, Mass, Volume, and Power estimates

« State analysis products (or FDDs)
» CPU, memory utilization

« Performance (improvement) estimate  Source code/algorithm descriptions
— Fabrication and Assembly o Test Cases
* Fab instructions — Fabrication
* Flight-like materials used « Flight-like development environment
* Inspection  Flight approved compiler and libraries

» Unit assembled in flight-like configuration

« Mass, CG properties * Flight computer/OS compatible

— Test (after application of power) — Test _ _
« Performance/functional testing  Executed on flight-like hardware and OS
» Environmental testing » Performance/functionality demonstrated
* Power measured e Measured CPU, memory utilization

* ldiosyncracies documented « Idiosyncrasies documented

ZUU4 IEEE Aerospace conrerence RTC-19
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» Aggregate Project Plan (Bubble Chart)
 The MSL Technology Funnel Chart

e Technology Decision Analysis Tools

o Deliverable / Risk Analysis Tools

2004 IEEE Aerospace Conference RTC-20
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Technology Impact

Mars Science Laboratory

Breakthrough New
Technology Benefits Improvements Variant No Change
L
o EDL System Tasks: Surface System Tasks:
T 1 - Aeroshell - LaRC/ARC 11 - ARC Rover Testbed
= Breakthrough 3 - Integrated GN&C 12 - Rover Software (MDS)
O 4 - Subsonic Parachute 13 - Rover Autonomy Validation
.“ -E 5 = Engine Development 14 - Long Range Traverse L 10
(73] T 6 - RADAR 15 - Instrument Placement
— i 4 8 - Safe Landing / Pallet System 16 - On-board Science
m 9 - EDL Modeling & Simulation 17 - Rover Technology Testbed
10 - POST Modeling & Simulation 18 - WITS on MSL
S— = g
o 19 - Rover Operations
- = - Surface Modeling im. IIE
> = 20 - Surface Modeling & Si 8
(o)) 3 — o 21 - Actuators, Lubs, Bearings
0O z2 & Platform 22 - Thermal Cyc Resistant Elec
— Q @ 23 - SPADE Testhed
o G 24 - Planetary Protection
: @ @ Oo 25 - Heat Rejection System (HRS)
: 26 - Rover Maintenance 6
T -
®© =
(=
- @ _
E Derivative
(o)} [ "
[*]
£ “a® ©
—
2 @)
& @
I.E 3 Product Support ”
o
2 ®
@
2 ®
m
| | | | | | |
16 14 12 10 8 6
* BUBBLE COLOR CORRELATES TO BUDGET STATUS: GREEN/ {RED

RING COLOR CORRELATES TO DECISION ANALYSIS STATUS: ©
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Funnel cnart

Mars Science Laboratory

FY03
TDA & FFE

RING COLOR CORRELATES TO TDA STATUS: CREEN/

FY04
TDA & FFE

. /RED: o178 CORRELATES WITH FY03-05 BUDGET: O O O O Q
{RED:;

* BUBBLE COLOR CORRELATES TO SCHEDULE STATUS: GRI

Increased Knowledge -->

—

Technology &

FY05
TDA & FFE

| /

Project Strategy

'02 Tech '03 Tech '04 Tech '05 MSL
Reviews Reviews Reviews PDR
\\ Ofgﬂnizational Strategy
7| @
Reduced Risk -->
@ . Surface System Tasks: e —
11 = ARC Rover Testbed
6 EDL System Tasks: 12 - Rover Software (MDS)
1 - Agroshell - LaRC/ARC 13- Rover Autonomy Validation
3 - Integrated GN&C 14 - Long Range Traverse Key:
4 - Subsonic Parachute 15 - Instrument Placement ey-
o 5 - Engine Development 16 - On-board Science
6 - RADAR 17 -Rover Technolagy Testbed = Gate
8 - Safe Landing / Pallet System 18 - WITS on MSL
o 9 - EDL Modeling & Simulation 18 - Raver Operations
@ 10 - POST Modeling & Simulation 20 - Surface Modeling & Sim.
21 - Actuators, Lubs, Bearings 5
° 22 - Thermal Cyc Resistant Elec Document
23 - SPAD Testbed
24 - Planetary Protection
25 - Heat Rejection System (HRS)
@ . . 26 - Raver Maintenance ——

PDR Review

Package
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Mars Science Laboratory

Option 1 _
($C1, Per-1)
Failed/Backup?
Decision
(subtask) - D
Option 2
($C2, Per-2)
Failed/Backup? -
| - - L
Date-1 Date-2 Date-3
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Mars Science Laboratory

_ Successful
Risk ($C1, Per-1)
Deliverable .
(Subtask, $)
Failed/Backup?
Depends on? (5C2. Per-2) -
- - -
Date-1 Date-2
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 The MSL Technology Program is tightly coupled to the
MSL mission and the its milestones

 [Itinvolves critical deliverables that must be developed in
time for infusion into the MSL mission

 The planisto reach TRL 6 for each technology by the
mission’s PDR

* This program transcends the usual gulf between
technology and projects by vertically integrating the
technology work with pre-project development in a
project-like environment with critical dates for
technology infusion

e The program addresses developing key technology to
enable MSL’s revolutionary science mission

2004 IEEE Aerospace Conference RTC-25
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