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e Mars Exploration Program
« MRO Mission

— Roles and Mission Status
* High Resolution Science Platform
o Communications Relay for Landed Missions

* Landing Site Scout
— Key Participants, Mission Synopsis, and Key Characteristics

« MRO Spacecraft
— Spacecraft Bus & Payloads

« MRO Science

— Project Organization

— Mission Operations

« Extended Mission Objectives
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“Follow the Water ” Theme

« Weather and Climate Satellite

— Monitor the present climate, seasonally and year-to-year
— Alerts Mars Exploration Rovers to evolving dust storm events
— Monitored atmosphere for Phoenix as it approached Mars entry

 Geological Explorer
— Identified water-related landforms and aqueous surface deposits
— Probed the subsurface looking for layering and water (ice)

« Site Finder
— Observed hundreds of sites at very high-resolution to find the best
places for future landed exploration

— MRO data led Phoenix to a new site, also characterized & certified by
MRO

« Communications Satellite

— Provided relay for Phoenix (2008) augmenting relay by Mars Odyssey
—  Will provide critical event coverage (entry, descent and landing) and
relay for Mars Science Laboratory (2012-2013)
 Technology Pathfinder

— Demonstrated optical navigation and use of new telecom frequencies
(Ka-band) for future missions
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* Project Management/Leadership, Navigation, Sequencing, &
Ground Data System — Jet Propulsion Laboratory

« Spacecraft Bus & Systems Integrator — Lockheed Martin
— Spacecraft Operations Team => Flight Engineering Team

« Science Payloads — Science Data Acquisition & Return
— HiRISE (PI Lead) — High Resolution Imager - 30 cm per pixel (UofA)
— CRISM (PI Lead) — High Resolution Vis/NIR Imaging Spectrometer (APL)
— CTX (Facility Investigation) — Context Imaging — 6 m per pixel (MSSS)
— MARCI (PI Lead) - Mars Color Imager — Daily Global Maps (MSSS)
— MCS (PI Lead) — Atmospheric Sounder (JPL)
— SHARAD (Facility Investigation) — ASI Provided Subsurface Radar (ASI)
— Gravity Science (Facility Investigation) — 2-way data tracking data (MIT)
* Engineering Payloads
— FElectra— UHF Telecommunications Relay (JPL)
— ONC - Optical Navigation Camer (JPL)



Jet Propulsion Laboratory ° o °
NS California Institute of Technology M ISSsion Sy no ps LS

Pasadena, CA

MRO i1s a NASA assigned mission
— Formulation Phase: November 2000—September 2002
— Implementation Phase: September 2002—September 2005
— Phase E Mission: Operations - Started in FY06

» Primary Science Phase (PSP): November 2006 to November 2008
» Extended Science Phase (ESP) & Relay: December 2008 to September 2010
» Extended Mission (EMI-approved): October 2010 to September 2012

Launch — August 12, 2005

Mars Orbit Insertion — March 10, 2006
Aerobraking — March 30 through August 30, 2006
Science Orbit Establishment — September 2006

— MRO has been in a full science mode since November 2006

— MRO supported the Phoenix Mission in relay mode
* MRO provides weekly relay support to the MER Mission
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Mars at Arrival

31072006 ¢ Spacecraft Activity Timeline

» Engineering (spacecraft bus) calibrations
» Science instrument check-out/calibrations

Aerobraki

2005 2006
g | T T T T T T T
Aug Sept Oct Nov Dec Jan Feb
at Marg M sns
TeMA ToM2 ( TCM-4 Mol
Maneuvers | | 5unch (aug Qﬁmg 27) $nov 18) Feb[l)  (Feb 28) ’(’Ma, 10)
Mission v Cruise (Type-l iransfer) Approach MOl AB
. ! T T T
Earth at Arrival Phase ATransition to Cruise (Aug 15) A Transition to Approach (Jan 10) Ad
. Al to MOI (Mar 7)
3/1 0/2006 ¥ Trangition to HGA (Sept 22) ¥ S5R Reconfiguration e e AB(J‘;:Z)
i - S/ C Checkout (Aug 12-26} High Data Rate Demo (Nov 7)
Calibration .
Activities @ MARCI UV (Aug 15) ¢ Gyra High Rate cal for HIRISE (Nov 10)
@ Payload Power-on (Aug|29-30) =5 Gravity 1 (Nov 14 - 20) (De?;;“,‘l:s?:
Mars at & Power-on Part-1i (Sepl 2) $ONC2 (Nov 29) _ONC o ;: -
par par
@ Lunar / ONC-1 (Sept 7-8) 1 {Dec 7) (Feb 9-24) (Mar 2-7)
Earth at Departure AHGA Checkout (Sept 9) Pstellar-2 (Dec 13-14)
Departu re 8/12/2005 # MCS Solar Target! (Sept 12) OHIRISE Inernal Cal (Dec 13) 140! Upload
AThruster (Sept 15) # MCS safing Recovery (Dec 13) (Feb 20)
8/1 2/200 @ Stanfard UHF (Sept 21-22) 4 MCS Solar Targetll (Dec 19)
Mars at QHRSE IRch10 (Oct 3) mm Safemode Recovery (Jan 3-6)
; > @ HiRISE-STU Alignment (Oct 3-5) Astar Tracker Rate / Ka Boresight (Jan 10)
Prlmary SCIe e A Gyro-Star Tracker (Oct 26) 0 HR Internal Cal (Jan 18)
AThruster Il (Nov 2) 4 CRISM Shutter G/ O (Jan 19)
Phase 1 1 /8/200 O QONC turn-on (Nov 3) ¢ Blectra Wide| Band Sniff (Jan 19)
CRISM Decontamination CRISM Decontamination
Ka-Band v v Yy vYvYy VvV vV
.
I t 1 t t AB and MOI ORT and Training
[} o 0 @=0O |
nterplanetary Trajectory Groung | —
i ————————————— |
il hd il i Activities Science Planning Thread Test PSP Ri1 PSP R#2
. . .
Q.7 th interplanetary flight t ‘ Py proe pe=
month interplanetary flight time Reviows | [omes O e
planned Payloa Risk Review & cove
b 3 A spacecraft W AB cert $NAV A hi MOU AB
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W AB Parameter & Dsvs MErr @ NASA HQ

- Only 2 TCMs required! ' : : - . : :
- Total interplanetary DV: 8.6 m/s
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Mars Orbit Insertion

Interplanetary Delivery --
» Southern Approach Trajectory
» Approach Altitude: 518 km

Resulting Capture Orbit --

* Orbit Period: 35.5 hrs
 Periapsis Altitude: 426 km

» Asc Node Orientation: 8:30 pm

Mars Orbit Insertion Maneuver

* Pitchover maneuver
* Magnitude: 1000 m/s
 Burn Duration: 27 min
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Aerobraking:

March - August 2006

Aerobraking

Number of days: 145 days

Orbit period change: 33.6 hrs
Apoapsis alt change: 44,496 km
Ave periapsis alt: 100 km
Number of drag passes: 426
Number of control mnvrs: 27

Asc Node Orientation: 3:10 pm

DV & Propellant Savings --
DV Savings: 1184 m/s
Propellant Savings: ~600 kg

Robust Thermal Margins

Orbit crossings with other
spacecraft
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Structure:

M55J Composite Constructio
Stiff Strut / Panel / Clip Desig
Symmetric / Aero-Stable Design
37 m2 AB Drag Area

Telecom: 2180 kg Launch Mass (Atlas V)
3m HGA 1544 m/s Delta-V

Dual Fwd-Aft Tx/Rcv LGA

550 kbps @max earth Range

Mechanisms:

Redundant DC-Brushless Motars
16-Bit Resolvers

Redundant Release Mechanisms
> 2X Holding torque During MOI

EPS:

20 m2 GaAs 3J Solar Cells
Dual 50 A-Hr NH, Batteries
23% Margin at Aphelion

C&DH:
Thermal: RAD750 FPC
Cold-Biased Passive Design 160 Gbit SSR

Largely FSW Controlled Htr Zone
240W Allocation

Turbo or RS Encoding
100Mbps Science I/F

GN&C:
Redundant 100n-m-s RWA’ g
Ephemeris-Based Targeting
Cont/Auto Yaw Compensation

Propulsion: < 1 mrad Pointing Accuracy
Monopropellant Design
Large Single-Tank :alsylf)ad: baviond ——

cience Payloads .
Coupled Thrus_ters 3En ineeriny Pavloads Flexible / Parameterized Design
Regulated During MOI Eng g Fayloac Fullv Enabled Fault Protecti
Engine-Out Capability Simultaneous Operations LA SE FAE LIS L oSS (oI

Time-Tagged Seq Fully Supported
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Optical Nav Camera ol J 3
Technology Demo : e p HIiRISE TeleSCOpe

Very High Resolution Imager
(Targeted Observations)

ELECTRA Antenna

UHF Relay

CTX

Context Imager

MARCI

Color imager - Daily global
views of the atmosphere

MCS

Atmospheric Sounder

SHARAD
Sub-surface Sounding Radar \ -

High Resolution Spectrometer -
Key mineralogical indicators of
water and hydrothermal systems

Gravity Science
via tracking data
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« Low Altitude, Sun Synchronous Science Orbit

— Sun-synchronous => Nodal orientation (asc node) at 3:00 PM LMST

— Frozen orbit - periapsis near south pole (stationary)
» Periapsis Altitude: Hp = 255 km, Apoapsis Altitude: Ha = 320 km

— Repeating groundtrack design — Active groundtrack control (OTM every other month)
» Complete global targeting coverage in 17 days
» Exact repeat: Sub-5 km spacing after 4602 orbits over 358 days

— Perturbative Effects: gravitational and atmospheric forces -- spacecraft small forces

* Science Data Acquisition and UHF Relay
— Mission objectives include both science observations and relay/support objectives

 MRO operations distinguished by mixed mode of operations to accomplish global
mapping, regional surveys, targeted surface observations, and relay support

— High-resolution targeting requires very accurate/frequent navigation predicts

* Science and Relay Data Return — Prodigious User of the Deep Space Network

— 16 hours per day of DSN tracking: One 34m pass per day & One 70m pass per day
» 12 hours per day of 2-way tracking (gravity science)
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ITAR — Reid Thomas

IT Security — Robin O’ Brien

ISO Compliance — Dave Herman

Wayne Sidney

Flight Eng. Team Chief

-- LMSSC --

Systems, Subsystems, RTO
OTB, GDS Support

Jet Propulsion Laboratory
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Phil Varghese, Project Manager
Dan Johnston, Dep. Project Manager

Project Science Group

Richard Zurek, Project Scientist
Suzanne Smrekar, Dep. Project Scientist

Pl/TLs:
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A.McEwen
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Reid Thomas, Engineering Technical Contract Mgr. Dave Herman, cChief Engineer
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Science

Investigation Operations

Scientists

Teams (SOT)

T. Khanampornpan
MPS Team Lead
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POST Lead
Cycle Coordinators

Robin O’Brien
GDS Team Chief

Science
Operations
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Interface Manager
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Relay APF [ Long Range UPLINK -« DOWNLINK Instrument Health
. <« .. 2 . .
<l Coordination Mission Plannlng, PROCESSES L] PROCESSES Instrument Engr. Data a3 & Perf(')rmance ]
> X "| Analysis
| prF A K
Roll angles, SSR info R Engineering Data q Spacecraft Health o
v 1 U “ 4 »| & Performance S
Spacecraft a Analysis Processes
» . . L]
Engineering »| Science Planning n
Plannlng UPIil]l( . y Tracking & Eng. Data | Navigation | |
APE, [1CEC,IFL 2 | Nec, Signal . Downlink "| Analysis & Planning
CFG, SOE NIFL S Signal
SASFy | v \ 4 = v
Stored Real Time : Mission D
> Sequence Command . Data All Dt g 1 e 1551 O Dt
Generation Generation Command . Acquisition Managcticht (R
% § 57 ¥ 7'y Radiation - & Realtime
o S SCMF E Monitoring Sl 8 FO
Verification x : Sy PDS
. . n 7‘@ o h
& Validation - other Process)
Retransmission Data B e
SCMF L 4 Range Mission
E Science Data e
B Processing & Analysis
. (SOT Sites)

MANAGEMENT Status and Anomaly Configuration Risk
PROCESSES Coordination Response Management Management
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Gains in Resolution

Wavelength ———

S e G
Supr thz;el Visible Visible - Near Infrared Thermal
Scale Daily Global Maps
ey MaRrdd TES
MOC-WA
300 m W OMEGA >
~70% CRISM-
100 m Surve THEMIS
100%
as% )
30 m THEMIS Thousands of
HRSC | yig ~40% small
10 m ~56% area exposures
m Stratigraphic relationships
3m MOC-NA of layers with
2.8% ( HRSC (SRC) } aqueous minerals
Im %“l?ffo%
Required for Site Certification
0.3 m Hil}oI/SE & Morphologic Detail

0)0)4
MEX

MRO

Phenomena

Sea beds?
Channels

Polar Layering
Paleolakes?
Salt Flats?

Layering
Vents/Springs?
Mineral Deposits
Gullies

Debris Fans
Fine Layering

Patterned Ground
Fractures

Rocks

21
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MRO HiRISE / U. Arizona / JPL / NASA



MRO HiRISE / U. Arizona / JPL / NASA
PSP_002200 1380
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CRISM FRTOOOOSFBQ parameters (R _BD2500 D2300, BDZZOO)ovenam on HlRISE

P90

Diverse Mineralogy of Mars

Largest exposure of carbonate-bearing rock observed so far on Mars is found in the Nili Fossae
region in the northeastern sector of the prominent dark area known as Syrtis Major. This scene
illustrates the complex geologic history of Mars in that different aqueous minerals and unaltered
materials are located in close proximity. This diversity of environments increases the
probability that life originated on Mars and, if so, will have left some evidence preserved on its
surface.

Credits: MRO CRISM / JHUAPL /JPL/NASA  MRO HiRISE / U. Arizona / JPL / NASA
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From MRO MARCI Daily Global Map

MRO MARCI/ MSSS / JPL / NASA



Topography
Credit:
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MIT
GSFC
JPL
NASA
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North Polar Daily Map
MRO MARCI/ MSSS / JPL / NASA
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HiRISE / U. Arizona /JPL / NASA




Jet Propulsion Laboratory

cutoria e of Tecnolony — Frypql Candidate MSL Landing Sites

Holden Crater Mawrth Vallis



JetPropution Laboratory MRO Orbit Synchronization for

California Institute of Technology

Pusadend, CA MSL EDL Coverage

MRO Long-Term Trajectory
OD 24212 (09/26/2011)

Entry Epoch:
2012/08/05
09812827 - L 740

WINOEclieeEin dleicg =256 clEe)
MRO target lon: 139.5 deg

(Targets via Preliminary Pre-
Launch ERTF delivered 01/31/2011)

Where MRO is required to *
‘be at the Entry epoch

Phasing Error = ~

Where MRO is predicted to be at the
Entry epoch, per the predicted trajectory.

MRO is phased to the requested latitude at the specified Entry epoch by either:
1. “Speeding Up” (red path), to arrive at the requested latitude earlier than the nominal PSO will provide.
2. “Slowing Down” (orange path), to arrive at the requested latitude later than the nominal PSO will
provide. This is the preferred strategy.
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* Mission Summary (October 2011)
— Over 144 Terabits of Science Data

— Acquired over 100,000 images, and image equivalents
* 69% of the planet imaged at 6 m/pixel (CTX)
« 1.36% imaged at 30 cm/pixel (HIRISE)
» 74% of planet covered in 72 spectral channels at low opacity
— Successful UHF Relay Support of the Phoenix Lander
— A diverse planet with a complex geologic history has emerged

 In particular, the diversity of early water-rich environments shows
preservation potential for signatures of ancient life, if it developed

« Extended Mission-1
— Continuing to acquire and analyze high resolution science data

— Preparing to support the arrival of the Mars Science Laboratory in
August 2012
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Investigation Progress thru end of PSP | By end of ESP Current EM1
HiRISE ~ 0.6 % of Mars; ~1%; ~ 1.36%;
' ~ 964 stereo pairs; ~ 1955 stereo; ~ 2,464 stereo;
~ 9,550 images ~ 16,745 images ~ 20,859 images

0 i 72% msp survey 74% msp survey'
o e UV W 479 hsp survey | 17% hsp survey’

8,959 targeted observations 14,958 targeted ob- [19,118 targeted
E:ompleted and downlinked | servations (1.3% of | observations

(0.7% of Mars) Mars) 2.7 Mars yrs moni-
1 Mars Year monitored 2 Mars yrs monitored | tored
18,020 images with 34,596 images with | 41,530 images with
CTX ~ 38.5% unique coverage 62% regional 69% regional
(~8% repeat coverage) coverage coverage
~45% of Mars sampled via |  ~7946 observing ~9659 observing
SHARAD 5,567 observing strips strips strips
MARCI 1 Full Mars year,global DE; | 97% of 2.1 Mars yrs | 97% of 2.7 Mars yrs
9,670 MARCI images; monitored with monitored with
16,566 images 21,391 images
MCS 1 Full Mars year, with GDE | 84% of 2.1 Mars yrs |86.4% of 2.7 Mars yrs
>30 x108 MCS soundings monitored with monitored with
54x108 soundings | 69.9 x10° soundings
Gravity: ~35% increase in gravity Seasonal mass Seasonal mass
ravity: field resolution variation variation
Data taken during Aero-
Al braking phase; archived Completed Completed
during PSP
Science Data ~734 Tb ~123.2 Tb ~143.9 Tb

Return

'CRISM numbers, updated quarterly, are from 28" PSG
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e Continuation of the baseline MRO mission: performing both
Mars programmatic support tasks and science data
acquisition & return for the MRO science teams

* Mars Program priorities for MRO
— Flight system health and safety - No increase in risk
— MSL support (EDL, then early surface operations)
— MRO science and MSL surface relay
— Other Programmatic Support (including MER relay)

35
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Back-up Charts

36
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Project Support Office
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« JPL is NASA's lead center for solar system exploration (planetary
science) and performs missions for NASA’ s Science Mission
Directorate (SMD)

— Science driven missions

e |nstitution’ s have their own cultural identities and their own best
practices
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MRO Mission Overview (2006-2012) R
- Category: Il, Risk Class: B A
«  Mission Phases St
— Primary Science Phase (PSP): November 2006 to November 20%:).,8.
— PHX critical event (EDL) coverage: May, 2008 A N
— Extended Science Phase (ESP): December 2008-September 2010
— Extended Mission Phase: October 2010 to September 2012 E

Program Support Objectives

*  Characterize landing sites for MSL and future Mars landers & rovers

* Add to atmospheric environment data bases to support future Mars missions
*  Cover future mission critical events (e.g., MSL EDL August, 2012)

*  Provide telecommunications relay for surface assets

Extended Mission Phase Science Objectives

Extend survey coverage and targeted observations:

» Determine the nature and history of the Martian upper crust,
emphasizing crustal stratigraphy and aqueous deposits;

Extend monitoring and change detection:

* Investigate the polar caps and layered terrains and ground ice at all latitudes; om

 Characterize ongoing surface changes, including aeolian processes, slope processes i«
such as gullies, and impact cratering;

« Capture atmospheric interannual variability, while extending the climatological record
of atmospheric weather, thermal structure, dust, ice and water vapor.




2000-2010 “Follow the Water " Found evidence of water activity, past and present

Jet Propulsion Laboratory

California Institute of Technology Mars Exploration SCien ce Goals

Pasadena, CA

2011-2015 “Explore Habitability " Explore a possibly habitable environment

2015- “Seeking Signs of Life ™ Search for bio-signatures & climate indicators

. Climate _

. 2 - & N

| Geology & Geophysics

Understand the potential for
life elsewhere in the Universe

Characterize the present and
past climate and the processes
of climate change

Understand the geological
processes affecting Mars”
interior, crust, and surface

Develop knowledge &
technology necessary for
eventual Human Exploration
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CRISM Thruster Electra
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Solar Panel Hot Mirror-Struts
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CTX Image of Spirit Winter Area
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Scouting Phoenix Landing Sites
Box 1 - Region D, Centered on 68.35N , 233.0E
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« MCO/MPL (Mars ‘98) failures in 1999

« July 2000 — 2003 Mission selected for implementation

* October 2000 — 2005 Mission was identified

 November 2000 — MRO PM selected

 December 2000 & January 2001 — Science Definition Teams

(Results of the Decadel Survey (2013-2022) guide the future direction of

planetary exploration http:
//solarsystem.nasa.gov/docs/Squyres 2013 Decadal Rollout_at LPSC.pdf)



Jet Propulsion Laborato .
@ Califorzia Institute of T erghnology M R 0 M ajor C om po n e n ts

Pasadena, CA

« Launch Vehicle [selected by NASA-KSC through the NASA Launch Services
(NLS) Contract - LSTO Competitive Procurement]

— Lockheed Martin Commercial Launch Services (LMCLS) selected [Jun
2002]

— Atlas V-401 - Intermediate-class expendable launch vehicle

[NASA exercised its option for Atlas V-401, Flight Planning Board approval
3/2003]

« Spacecraft [selected by JPL through an RFP process]
— Lockheed Martin Astronautics (LMA) - Denver selected [Oct 2001]

« Science Investigations [selected by NASA-HQ through the AO process]
— Reflight of MCO Investigations (MARCI-WA and MCS)
— SHARAD - ASI-provided, shallow sub-surface radar [Jan 2001]
— New Investigations [Nov 2001]
« 2 Pl Instruments and 4 Facility Teams formed

* Engineering Payloads [specified by the Mars Program Office and JPL]
— Electra Telecom/Nav Relay, OpNav Camera Demo, Ka-Band Demo



Pasadena, CA

» Jet Propulsion Laborato ° ° ° °
@ caornia e o oy Science and Engineering Payload Suite

« Scientific Investigations

— Reflight of the MCO Investigations
» MCS (McCleese/JPL) and MARCI (Malin/MSSS)

— MRO Science Investigations
* Hi-RISE (McEwen/UA) and CRISM (Murchie/APL)

— MRO Facility Experiments/Teams
« SHARAD (Phillips), CTX (Malin/MSSS), Gravity Science(Zuber/MIT),
« Atmospheric (Accelerometer) Science (Keating/GWU)

=> Targeted, Regional, and Mapping Investigations

 Engineering Payload
— Electra Telecom/Nav Relay

— OpNav Camera Demo
— Ka-Band Demo
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The JPL Project Life Cycle

Lifecycle FORMULATION IMPLEMENTATION
Phases |Pre-Phase A:|Phase A: Phase B: Phase C: Phase D: Phase E:
Concept Concept Preliminary Detailed Fpbrication, Assembly, Qperations &
Studies Development Design Design Test & Launch Operations  Sustainment
DIRECTED
MISSIONS
- A A A AN A A
Project MCR! PMSR! PDR' CDR!? ARR PSR, ORR PLAR CERR
Reviews 1 L & MRR!
Major Al
NASA ICR23 CR23 MRB4
Reviews PNAR23 NAR23
AO-DRIVEN
MISSIONS
Major A Al A A A AN A A
Project Step 1 Step2 PMSR! PDR! CDR! ARR PSR, ORR PLAR CERR!
Reviews T™MC TMC! L & MRR!
Major A A Al
NASA Down Select: Step 12 Selection: Step 22 CR23 MRB*
Reviews NAR23 |
MAJOR A A
EVENTS Commitment Contract Launch
| | :
(1) Followed by a JPL GPMC review. . _ . .
(2) NASA Decision Reviews. (4):ngﬂgzéziiet)srée:ér;ngz:;L to the NASA AA on Mission Risk
(3) Directed Missions: Cat | has an ICR & PNAR, CR & NAR. Cat Il has an ICR, CR. ’
AO-Driven Missions: Cat | has a CR and NAR, Cat Il has a CR.

ARR — ATLO Readiness Review MCR — Mission Concept Review PDR - Preliminary Design Review TMC — Technical, Management and Cost Review

CDR - Critical Design Review MRB - Mission Readiness Briefing PLAR - Post Launch Assessment Review

CERR - Critical Events Readiness Review MRR — Mission Readiness Review PMSR - Project Mission System Review

CR - Confirmation Review NAR - Non-Advocate Review PNAR - Preliminary Non-Advocate Review

ICR - Initial Confirmation Review ORR - Operations Readiness Review PSR — Pre-Ship Review 01.12.2006




Flight Project Practices & Design Principles

Jet Propulsion Laboratory
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Pasadens, C4 Compliance Verification Process

A FPP Compliance

. - Matrix and a DP
Projects negotiate FPP/DP Compliance Matrix

deviations, if any, with are due at PDR.

contractors prior to Non-compliances
contract execution are attached to a

Cat A waiver
Compliance Projects indicate planned ~
with margin compliance and non-compliance
requirements | | to the requirements through us¢ _
is gssessed of the FPP Compliance Matrix. Projects levy DPs and
at the MCR (pre”m is due at PMSR, appropriate requirements of
and final is due at the PDR.) Internal assessment the FPPs on contracted efforts
) at the initiative of
Project Manager, or
Independent Assessment
at discretion of
AD FP&MS
% Projects present at major
reviews rationale for
deviations or exceptions
to the FPPs/DPs
FPP/DP deviations are

among the residual risk
items addressed at the
Mission Briefing & SMARR Projects assess compliance
with FPPs/DPs in design

of & readiness for

in-flight critical events

GPMC addresses
FPP/DP deviations and
exceptions after key
project life cycle reviews
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-Technical Margins Jim Graf

§ ; Manager Project Science Group MEP
Schedule Margin Rioh o Zurek e

-Resource MClVgil’lS Project Scientist

Walt Boyd, Finance& Resource Mgr
Janis Norman, Secretary

Erica Beam, Scheduler
Marty Scarbrough, Acq. Rep.

MPIB,MPTCT Bl LS e g

W Va Tom Fouser Project Software Mgr
KSC Arden Acord, Launch Vehicle Liaison

IPN-ISD

Project Systems (System Managers)

B. Jai
Mission Ops/GDS

P. Barela
Mission Assurance

D. Johnston
Mission Design

H. Eisen

Flight System Mgr
G. Beutelschies
CTM

J. Duxbury
Sci/Payload Mgr

W. Mateer
Dep. P/L Mgr

Mgr Mgr Mgr

- Orbi MTP IPN-ISD
k';n\ﬁn %r:rlqt:iru LS PDS External Organizations

Orbiter Mgr MMO
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Pasadens, CA Work Breakdown Structure To Level 3

Project Name

UPN/NSM
T
[ T I T T I T I T I I il
Project Project Eng Safety&Mssn Assur Science&Technology Payload System Spacecraft System Mission Ops System Launch System Ground Data System Project Systems 1&T Ed&Pub Outreach Mission Design
01 02 03 04 05 06 07 08 09 10 1" 12
Proj Mgmt Proj Sys Eng SMA Mgmt Sci Mgmt PL Sys Mgmt SC Mgmt MOS Mgmt Launch Srves GDS Mgmt Sys I&T Mgmt Mgmt & Coord Mssn Dsgn Mgmt
01.01 02.01 03.01 04.01 05.01 06.01 07.01 08.01 09.01 10.01 11.01
Business Mgmt Proj SW Eng Sys Safety Sci Implement PL Sys Eng SC Sys Eng MOS Sys Eng GDS Sys Eng Sys I&T Eng Formal Ed Mssn Anls
01.02 02.02 03.02 04.02 05.02 06.02 07.02 09.02 10.02 11.02 12.02
Review Suppt EEIS Environ Eng Sci Suppt PL Prod Assur SC Prod Assur Gnd Station Trckng TTC&M SS Sys I&T Facllltles Informal Ed Mssn Eng
01.04 02.03 03.03 04.03 05.03 06.03 07.03 09.03 11.03 12.03
Facilities Info Sys Eng & Com Rel Eng Tech PL Implement Optical Inst Pwr SS Mission ControlTeam SC Anls SS Sys Env Testing Public Outreach Nav Dsgn
01.05 03.04 04.05 05.04 06.04 07.04 09.04 10.04 11.04 12.04
Launch Apprvl Config Mgmt Parts Eng Inst 2 (Comract) C&DH SS SC Team Inst Anls SS SS Eng Suppl Media Suppt
01.06 02.05 03.05 06.05 07.05 09.05 11.05
1: Reserves i Plane!ary Pro!ec!lon HW QA Eng Radar Inst Telecom SS Nav Ops Team Nav Ops HW & SW SC I1&T Web Site Dev
i 01.RE ] 03.06 05.06 06.06 07.06 09.06 10.06 11.06
Contamination Cntrl SW QA Eng Reserved Other Inst Mech S8 Sci Ping Team Sci PIng SS Inst & PL Eng Suppt
02.07 03.07 05.07 - 05.19 06.07 07.07 09.07 10.07
Launch Sys Eng SW IV&V TechPL1 Thermal SS Mssn Ping Team Mssn Ping SS PI’O] Sys 1&T
03.08 05.20 06.08 07.08 09.08
Proj V&V MO Assur Reserved Other Tech Prop SS Sequencing Team Sequencing SS EGSE
02.10 03.09 05.21-05.29 06.09 09.09 10.09
Sci Inst Purge SS GN&C Ss Data Mgmt Team Simulation SS MGSE
05.30 06.10 07.10 09.10 10.10
Common PL Sys HW Harness Sci Suppt Team DataMgmt&ArchlveSS Logistics&Transport
05.31 06.11 07.11 10.11
PL Materials & Proc Fsw DSN Scheduling Radio Sci SS Launch Site Suppt
05.32 06.12 07.12 09.12 10.12
PL Sys I&T SC Materials & Proc Training Sci Anls SS
05.33 06.13 07.13 09.13
.
Level 1 - P roj eCt SC Testbeds MOS V&V Gnd Net Infrastructr
06.14 07.14 09.14
SCI&T Inst & PL MOS Mssn Suppt Area
Level 2 = System 06.15 07.15- 07.nn 09.15
Sys Admin
09.16
Level 3 = Sub
eve = oubsys &t
09.17
GDS Deployment
09.18

_Insi & PL GDS
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MRO Spec Tree Status -Flight Hardware

Level 1 Reqts
| L2, Science L2, Project Other quts Docs|| LMA
ICDs LMA Plans Reqgts Doc, SRID Reqts Doc, PRD Do
DSN Compat.
LV MC 1
Contamination RIS Planet. Prot. Released
MCS Reliability Reqts Doc,PSRD CCSDS Draft
MARCI MP " ' PR-I2E In Work
CTX EEE Parts P L3, Exhibit 1 |« I ERD - Design Prin.
ONC | In DOORS
SHARAD
Electra - ~ L3
Orbiter System Spec SE-0(H » Fault Prot.
— Pointing & Align Allod
Mechanical L4 Avionics | _Controls & FSW
v \ 4 \4 \ 4 y v v
Structures S/S || Thermal S/S| |Propulsion | | Power S/S| | C&DH Telecom S/S| |Harness GN&C S/S —>| FSW
Y & SSR H
Appendage S/ A
= . HGA Assy
T Tanc_ . [HGADish&fee 17 [ Modules |
. elium Ta
| Gimbal Assy 170N Thrustefs LOA IMU
SDST Star Tracker
22N Thrusters TWTAs
ON Thrusters Y : SULSenson
Motor/Cntrllr — Solar Array Diplexer RWAs
Cable Mgt Filter Battery WG Switch
Service Valve PDDU Coax Switch
S Latch Valve PIU Filters
- ampers , Pyro Valve Couplers
.m. Regulator Misc
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Threats Margins

Operability Cost Cap Level 1

Requirements Mass-30% " Power-30% " CPU-MS >2
S/W Loc/ P g . .
Language Linking Funding ' Funding Profile Structure-MS >2  Battery-40% RDM >2

S

ission Instrument & Schedule (i.e. Dollars-25%  Schedule Testbeds
omplexity Xface Complex Launch Date) 1 mo./yr. - >2
Pointing Data Return Success Elec. Parts 1,000 Operating
Accuracy & Quality ~ Criteria Derating 'Hours " Delta’-v=30%
Partner & Cont. New Number of Deployables- o  JPL Workforce
Capability Techno|ogies Instruments Msp>2y i Thermal +25 Availability
Physical

: Launch Vehicle Program
Environments

_ o, Dynamics MS > |nheritance
Performance  Requirements / R——— 6 db ENV. H/W-S/W

Review Process
Systems Engineering

Fault Tree
Safety &M

A”a/ysis
ission ASSUranCS
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Navigation Strategy

Preliminary Dates of OTM, OSM and OCM

opportunity (December 19, 2012).

Maneuvers
Name Maneuver Anticipated Notes Conditions Requiring
Type Date Maneuver
OTM GTW Control leiielcl 12 Nominal GTW control maneuver GTaexcescanainiuziE Ny
2011 bands
Inclination change maneuver performed to change LMST from 3:00pm PSP MRO LMST target below
OCM or Orbit orientation February 1, orbit towards node requested for MSL EDL; maneuver may also include, or predicted value time of EDL;
OSM or change / Orbit 2012 (EDL- may strictly be, a period correction. Maneuver may be used to change ground- | EDL phasing errors > 30
OTM Period Change 187d) track walk off nominal -32.5 km / 211 orbits to remove initial large phasing bias | seconds and phasing
(depending on target conditions). correction > error sources
OSM Orbit period April 25, 2012 Maneuver used to synchronize orbit to fly over MSL EDL. Will remove a Sg:lgr?g:‘z:g err1raosrisn> %
change (EDL-103d) majority of the phasing error at the time of MSL EDL. , R 9
correction > error sources
Orbit period July 18, 2012 Maneuver used to synchronize orbit to fly over MSL EDL. This is nominally the | EDL phasing errors > 30
OSM 3 . 4
change (EDL-19d) final phasing correction. seconds
Orbit period Maneuver used to synchronize orbit to fly over MSL EDL. This is a ,
OoSMC change e aieni2 contingency maneuver only (MRO safeing, etc). A “canned” maneuver may be EDL phazinglencigses
: (EDL-12d) seconds
(contingency) used.
- - August 6, 2012 MSL EDL event -
Orbit orientation AR Inclination change maneuver performed to go from LMST following MSL EDL
OCM or . September 12, { - : 3 " Launch date requires MRO
change / Orbit back to nominal 3:00pm PSP orbit. A period correction component may also .
PN Period Change Al be included for a “quick return” to nominal GTW R lowis D0pmiat EDL
9 (EDL+23/37d) q :
— ; Inclination change maneuver performed to level off LMST at 3:00pm. A period
OEMle) bt orlentathn peyemiery, correction component may also be included. NOTE: if MRO LMST @ MSL Launch date requires MRO
SO el s ol ROt gl EDL is < 02:52 PM, inclination change should be performed at next OTM LMST below 3:00pm at EDL
OTM Period Change (EDL+93d) ) ’ )

A total of 6 (1 contingency) maneuvers are planned between November 2011-November 2012. Epoch of

maneuvers will be dependent on the MSL-requested phasing conditions.
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