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MSL Rover Heat Rejection System Gang
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MSL Rover Curiosity
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MSL Thermal Control with MPFL
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Changes during Design Phase
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MSL Thermal tests
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Curiosity’s Capabilities

AMobile Geochemlcal and
" Environmental Laboratory

. Longlife, ability to traverse many

milesover rocky terrain « Ability to acquire and processdozens of
 Landscape and hand-lensimaging rock and soil samples
« Ability to survey composition of * Instruments that analyze samplesfor
bedrock and regolith chemistry, mineralogy, and organics

Sensorsto monitor water, weather, and
natural high-energy radiation
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MSL Science Payload @/

REMOTE SENSNG

Mastcam (MSSS) - Color and telephoto imaging, video,
atmospheric opacity

ChemCam (LANL/ CNES) — Chemical composition; remote
micro-imaging

CONTACT INSTRUMENTS (ARM)
MAHLU (MSSS) — Hand-lens color imaging
APXS (Canada) - Chemical composition

ANALYTICAL LABORATORY (ROVER BODY)

SAM (GSHT ONES) - Chemical and isotopic composition,
including organics

Brush | MARDI CheMin (ARC) - Mineralogy

Drill / Seves
I%V:\:O\;)\Z ot 28 BNVIRONMBENTAL CHARACTERIZATION
. .0m
_ _ MARDI (M. Malin, MSSS) - Descent imaging
Height of Deck: | 1.1m REMS (Spain) - Meteorology / UV
Gr?und C]eararfoe. 0.66 m RAD (SwRY) - High-energy radiation
Height of Mast: 22m DAN (Russia) - Qubsurface hydrogen




MSL Spacecraft in Cruise Pnhase @’

MMRTG on the
rover (2000

AEROSHELL

Rover tucked under
the Descent Stage

b

HEAT SHIELD
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Thermal Control Challenges of MSL Rover @’

 Demanding thermal control requirements
— Extreme diurnal environment (-129 Cto40 C, full sunto no sun)
— Large RPS wast e heat (~2000 W) management during launch/ cruise, surf ace
— Tight temperature requirements of Science | nstrument
— Long lif e & Rover mobility challenges (configuration, dust etc)

Environmental Boundary Conditions
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Rover Family Portrait

| nf usion of Advanced Thermal Technologies
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MSL Thermal Control with MPFL@’

Cruise Stage
Components

Cruise
l Stage
Descent Stage
‘—-I Components
—— |
RrRover

l Rover Cold Plate
&Top Deck
13
— Cruise HRS ® Mixing/Splitter Valves
—  Surface HRS ® rPump



HRS Design Activities - RHRS

Inside Rover
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MSL Focused Technology Development

Pump Life Testing: 20 Cto 120 C
Long- term Chemical tests:>100 Cin CFC-11

Thermal valves & Mech. Fittings: Passive
flow valves, OmniSaf e VCRjoints, inertial
welds, flex tubes

Working fluids:
D CFC-11, Galden HT-170

urposes Only

Rover Fluid
Loop (~200 ft

L -\
* |Total Tube Length [ft]

188
Aluminum Tube [ft] 149
SS Tube [ft] 28
Flex Line [ft] 11
Flex Bellows 30
Bi-Metal Joints 18
Aluminum Unions 12
Micro Elbows 47
Ominsafe Glands 42
Other SS Components 0
SS Orbital Welds 155
Aluminum Hand Welds 42
SS-AL Inertial Welds 18
Mechanical Fittings 21
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MSL Rover RAMP Fabricat




RI PA/RI PAS Design and Build @’




Cl PAS & CHRS Fab/Install on S/C @’
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Key Changes during Design Phase @’

« Several significant changes had to made in HRS design
1. Change of RAMPtubing from smooth to finned

2. Flex linesinthe loop to account for relative displacement
3. Epoxy thermal conductivity lower than specified
4.




HRS I ntegration on the Spacecraft @’

g n 1 e MSL ATLO SAF HB1 - 31 Oct/2008 11:00
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System Level Testing of CHRS/RHRS @’

System Thermal Test
(Sruface Phase)

System Thermal Vac Test
(Cruise Phase)



HRS Operation during Launch/ Cruise @’

« All the pumps were turned on in both CHRS (2+1)
and RHRS (2 pumps) bef ore launch

« After afewhoursinto flight only one pump is
operating in each loop

« The backup pumps in each loop were turned on f or
an hour every f our weeks f or maint enance check

 Both active loops are operating very smoot hly and
as expect ed
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Lessons from MSL HRS Experience @’

Challenging missions require “out-of -the box” ideas and
involve significant risks in meeting the final goals

Strong commitments fromthe team members, flight system
managers, and institution are very import ant

Large margins in design, schedule, and resources are a must
Use simple quick experiments to verif y new design

Work closely with the vendors; allow suf ficient schedule
mar gins on vendors’ services

Team should be able to tackle unexpect ed problems
Multi-disciplined diverse teamis a must for such effort
High morale, perseverance, and team spirit are key
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Conclusions @

« MSL rover’s many challenging t hermal requirements
during its surf ace operation could be met with MPFL

« Several advanced MPFL t hermal technologies were
developed in order to ensure a robust thermal
control system for the rover operation

« MSL Rover MPFL based thermal architecture will
pave way for its usage on future NASA missions,
Commercial sat ellites, and military missions

20



MSL Rover HRS Team @,

Gaj

Birur Pradeep
Bhandari

Dave Bame

Paul Karlmann

AJ

Mast ropietro
Yuanming Liu

o Jen Miller
ike Pauken

RTG/ HRS Thermal Accommodation Cog Engineer
HRS Designer and MSL Thermal Syst em Engineer
HRS GSE Cog Engineer and HRS Lab Manager

RI PAS/Cl PAS Cognizant Engineer

HRS Fabrication and KSC HRS/GSE Engineer
HRS Fabrication Cognizant Engineer

HRS Fabrication and KSC HRS Engineer

HRS Fabrication Engineer

MSL Thermal Product Delivery Manager

Sunset on Mars — Spirit
Rover May 19, 2005

Copyright 2012 Calif ornial nstitute of Technology
Gover nment sponsor ship acknowledged
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MSL Rover Thermal Team
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23RD Thermal & Fluids
Analysis Wor kshop (TFAWS)

Promoting Excellence in all Aspects of Design, Analysis, Build, and Test
August 13-17, 2012 « Westin Pasadena Hotel « Pasadena, CA

Purpose: to encourage knowledge sharing, professional development, and
networking throughout the thermal and fluids engineering community within NASA
and the aerospace industry atlarge.

Topics Program Includes Audience
* Active thermal/life support * Paper sessions * Industry
* Passive thermal * Hands-on software training « Government
* Aerothermal * lechnical short courses * Educators
* Interdisciplinary thermal/fluids * Hardware demonstrations » Sudents
* Toursof NASA JPL * International guests welcome!
* Banquet & guest speakers

JPL - 2012

Hosted by NASA Jet Propulsion Laboratory (JPL)

Registration is free, sponsored by NASA Engineering and Safety Center
(NESC)

More information at http://tfaws.nasa.gov/ TFAWS12/
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