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Context for these engineering studies JID|L_

w The Ice and Climate Science Analysis GrosAGE was chartered by MEPAG
(Oct 2019) to identify mission concepts that could address key Maente
climatescience questions.

¢ ldentified mission concepts should seem feasible to execute in the next decade.
¢ Of particular interest were mission concepts that could fit within $850M = the NASA New
Frontiers mission cost class.

w To aid this work, engineering studies were undertaken to provide some
estimation of cost and technology needs to undertake key science
Investigations.

¢ A Team X architecture study (JPL) was undertaken to concepts focused on in situ/surface
measurements of the subsurface and meteorological environment. Drawing from orbiter
engineering studies completed for NEXG (2015), a study of an orbiter/lander concept
focused on atmospheric investigations was studied by the Mars Program Office.

¢ These studies were designed to explore key architecture trades for the concepts under
discussion within ICEAG.
w These slides summarize the results of those studies, and serve as Supplemg

Materials to the full IGEAG report.

¢ This document and the full IEGAG report cabe downloadedt:
https://mepag.jpl.nasa.gov/reports.cim?expand=topical




Static Lander Concept Study OvervieW [

Study Purpose StudyConsiderations
¢ The purpose of this study is to determine if there is an

architecture for a Mars Ice and Climate Evolution
science mission that fits within the Financial ($850M
Cost Cap) and Technical (Launch Vehicle Mass and

The study focused on the lander design and thus
did not evaluate in detail what changes to the enti
system and cruise stage may or may not be

Volume) boundary conditions of a New Frontiers required
Announcement of Opportunity €  Costs were scaled for these elements based on thg
. . New Frontiers allocations, but that scaling may not
StUdy ObJeCt|VeS account entirely for the added complexity of therma
¢ From customer supplied information for the instrument control of an RTG during cruise or packaging of
and mission functional requirements for a larger solar arrays, for example
w 1) North Polar Surface Science Static Lander concept w  While the design of key subsystems was
@ 2) North Polar Mechanically Sub Surface Science (Drill) Static ~ considered, other subsystems were assumed to §
Lander concept identical to Insight (Telecom, CDH, ACS) which n
w 3) North Polar Radar Sub Surface Science (Radar) Static Landernot be accurate
concept w The cost estimation methodology took the simple
Study Approach FLILINRF OK 2F avlaa I 02
w Examinedive lander conceptrchitectures to explore the ~ a known design, with some additional detail for
mid to high latitude regions of Mars known elements, such as a potential RPS, drill, ar
w Rather than create a detailed design from the ground up, foVer
the team took a known lander design/cost from Phoenix &€  This form of cost estimation provides a good initial
and Insight and assessed deltas evaluation of the architectures, but should not be

¢ This allowed for the exploration of many architectures very taken as a final cost estimate

quickly to make an initial assessment of technical and cost
5/29/2019 feasibility Predecisional. For planning and discussion only. 3




Summary of Static Lander Mission Concep&=a|_

w Lander Concept Option Etatic lander at 88egree latitude with
radioisotope power, operating for one full Martian year
A 1A:MMRTG Power System
A 1B:a notional SMRTG Power System

w Lander Concept Option Solafpowered static lander at 82egree latitude Legend
with 1 meter drill, operating only through the Martian summer
w Lander Concept Option Solaspowered static lander at 6@egree latitude

operating for one full year
A 3A:with an AXEL rover carrying a GPR

A 3B:without an AXEL rover but with GPR + TEM on lander

Met

1A: 82N 1B: 82N 5. 82N Solar | 3A:60N | 3B: 60N Solar
InSight Design Lander Landzrb Lander with Solar Lander Lander with
Allocations powered by o TN Drill with Rover & | GPR & TEM
an MMRTG Gen RTG GPR
Lander Mass 324 kg 450 kg 365 kg 400 kg 440 kg 380 kg
Payload Mass 50 kg 30 kg 30 kg 28 kg 22 kg 23 kg
MMRTG SMRTG-2 ~4 m? solar ~11 m2solar  ~11 m? solar
Power System 5 m?2 solar array (~110 W) (~40 W.) array w/ array w/ array w/
2 e tracking tracking tracking

Met Cost Cap
($850M FY19) B




Mars Ice and Climate Evolution (E75)
Environmental Considerationsd§G 80dN

APL
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Identified Challenges

Assumptions: A Survival and operation during polar night. i
Latitude:60cc 90¢ N ﬁ CO2 deposition
Longitude0 ¢ Up to60%year has little to no soldlux.
LMST12 noon A Energy and storage
. A Heat dissipation
Ls:0c-360c A Landing site perturbatiofrom lander thruster plume.
5/29/2019
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http://www-mars.lmd.jussieu.fr/mcd_python/

Mars Ice and Climate Evolution (&A£5)
Concept 1A/B: RPS Powered Lander AP0

i Lander TypdanSightPhoenix
Architecture 1 paesidLoy

Power TypeNuclear
Mission Durationl Mars Year
PrimaryScienceCQ cycle, atmospheric monitoring

Option 1A MMRTG (8 GPRS)
Lander Estimated Changes:
| «iPower: Remove S/A, add MMRTG, add RTG electronics = + 30 kg

o¥hermal: Add pumped fluid loop system for RTG thermal control = + 4
uMechanical: Add RTG thermal shield, add RTG mounting/access featt
+ 30 kg
_ - aPropulsion: Add additional h/w tmcomodationadded mass = + 21 kg
Lo T T S A ST WS e S " wlotal estimated mass upper = + 126 kg
Instrument List for Lander Concepts 1A and 1B Key Assumptions:
winsightaeroshelkcan be usedanalysisieeded to assesonfig
Instrument Oty. CBE Mass : :
LIDAR (Phoenix) 11 6.0 kg winsight cruise stage can accommodate thersgatem
Meteorological station 1 | 3.0 kg ;
(VET-MPL) : Option 1B; Next Gen RTG (2 GPRS)
Thermogravimeter & LanderEstimated Changes:
Thermal/electricalcond | 1 | 7.8 kg Aower RemoveS/A, addNextGerRTGE2, add RTG electronics Z kg
probe (MECA) Arhermal: Add pumped fluid loop system for RTG thermal control = + 22 kg
NIR Spectrometer (Exo-| 4 | 54 4 Aviechanical: Add RTG thermal shield, add RTG mounting/access features = +
Mars: Micro-omega) 20 kg
Dust Particle Analyzer | 4 | 54 4 Moropulsion: Add additional hardware to accommodate added mass = 4 7 kg
(LADEE: LDEX) Arotal estimated mass upper = + 42 kg
LLf Cea | 1105k Ansightaeroshelcan be usedanalysisieeded to asses®nfig
ng}ma' Imager (mini- |4 | 35 kg Ansight cruise stage can accommodate thersyatem
%énw'fg&g(mm} 1 | 16 kg Predecisional. For planning and discussion only. 6




Mars Ice and Climate Evolution (&J&5)
Concept 2: Lander with drill JPL

: ¢Lander Estimated Changes:
Architecture 2 uPower: Potential battery upper for drilling = + 7 kg

Lander TypenSightPhoenix ~ «lhermal: No change _ _
LocationS2a\ uMechanical: Add drill, add solar array gimbals, add robotic arm enhancements = + !
«Propulsion: Add additional hardware to accommodate added mass = + 12 kg

Power TypeSolar :
MissiorDyLFJ)ration:Mars Summer aiotal estlmat_ed r.nass upper = + 72 kg

. . - ¢KeyAssumptions:
PrimaryScienceNPLOUrilling,  4nsightaeroshelcan be used: analysis is needed to assess configuration
atmospheriamonitoring alarge drill can be accommodated on the lander deck and robotic arm can be modifi
Primary Instrumentt m Rotary drilling
Percussive Dirill uwSolar arrays can be articulated with sufficient ground clearance

Instrument List for «Warm electronics box is no more than 0.2 m3 in volume

Lander Concept 2 ArtisiGEEEE

Instrument Qty. CBE Mass
LIDAR (Phoenix) 1 | 6.0 kg
Meteorological station 1 3.0 kg
(MET-MPL)
Sonic Anemom eter
(Mars Acoustic 1 1.5 kg
Anem om eter)
Simple Raman Spec
(RLS on ExoMars) 1|25k
TLS- single channel 1 1.0 kg
VIS Camera 1 0.5 kg
Bolom eter (Diviner) 1 [ 12.0 kg e =
Hand Lens (MAHLI) 1 1.6 kg e B

5/29/2019 Predecisional. For planning and discussion only. 7




Mars Ice and Climate Evolution (&5) L
Concep8A: Subsurface Lander with GPR wl!?

Architecture 3A Lander Estimated Changes:
oPower Add additional solar arrays = + 25 kg

o'hermal: No change

uMechanical: Add rover, add rover egress, grow deck for rove
add solar array gimbals = + 68 kg

oPropulsion: Add additionaardware to accommodate added
mass =+ 19 kg Note: Mechanical carried 15 kg for
wrotal estimated mass upper =+ 112 R 006G an woniecure.
KeyAssumptions: study

o$olar arrays can be grown, or additional arrays can be addeqg
the lander

oSolar arrays can be articulated with sufficient ground clearan
uiNewaeroshelland entry systendesign

wWarm electronics box is no more than 0.2 m3 in volume

Instrument List for Lander Concept 3A

Artist Concept

. . Instrument ty. CBE,Mas
Lande_r TypdnSightPhoenix, AXEL rover LIDAR (Phoenix) 1 | 6.0 kg
Location60aN Meteorological station 1 30 k
Power TypeS_oIar : (MET-MPL) -
MissionDuration:1 MarsYear l(;antti:eF:)orv%I?tilsggﬁ’rgl]jd(zgR Sonic Anem om eter
Prl_mary Sc_:lencé}ubsurfaceshar_acterlzatlon, here. butis included in the (Mars Acoustic 1 | 1.5 kg
usingmobile Ground Penetrating Radar (GPR), | total cost and mass rollup. Anemometer)
atmospheriamonitoring SLECAEIIRE MEIEED |
(LADEE: LDEX)
TLS- single channel 1 1.0 kg
VIS Camera 1 0.5 kg
Thermal Imager (mini-
1|32k
TES) 9

5/29/2019 Pre-decisional. For planning and discussion-omty- 8




X Mars Ice and Climate Evolution (&J5)
7 ConcepB8B:Subsurface Lander wihatic TE

==L

Architecture 3B

Artist Concept

5/29/2019

Instrument List for

Lander TypdnSightPhoenix Lander Concept 3B
Location60d\ Instrument Qty. CBE Ms
Power TypeSolar LDAR (Phoenix) 1 [ 6.0 kg
Mission DurationFull Mars Year Meteorological station
. : . 1 | 3.0 kg
PrimaryScienceSubsurface sounding [(MET-MPL)
using static Ground Penetrating RaddSonic Anemometer
(GPR) + Transient Electromagnetic (|(Mars Acoustic 1 [ 15 kg
,atr'r))?s herignonitoring. Anemometer)
Key Assumptions: DustParticle Analyzer | , | 34
A Solar arrays can be grown, or (LADEE: LDEX) S
additional arrays cabe added. ez 1 | 0.0 kg
A Solar arrays can be articulated TLS- single channel 1 | 1.0 kg
with sufficient ground clearance  [\/ig Camera 1 | 05 kg
A Newaeroshelland entrysystem —
: . Thermal Imager (mini- 1 |32«
A Warmelectronics box is no more 2 kg
: TES)
than 0.2 m3 in volume
Note:For option 3B, the GPR and TEM are not
included here, but are included in the total cost
and mass rollup

Lander Estimated Changes:

wPPower: Add additional solar arrays = + 25 kg
wlhermal: No change

uMechanical: Add solar array gimbals = + 18 kg
oPropulsion: Add addition&l/W to accommodate added mass = + 9 kg
wlotal estimated mass upper =+ | Note:Mechanical carried 15 kg

for solar array gimbals, but this

.. . . . is within the error bounds of an
Predecisional. For planning and discussion prashitecture study 9




Planetary Protection for Static Lander Concepiisd|L_

Lander Concept Option 1A and 1B: Statid.ander Concept Option 2: Selar Lander Concept Option 3: Selar
lander concept at 82egree latitude with powered static lander concept at82 powered static lander concept at-60
RPS power, surviving for one full Martiandegree latitude with drill, operating justiegree latitude surviving for one full
year through the Martian summer year

¢ Assumptions: ¢ Assumptions: q

w The landing site is close enoughtothe «w  The landing site is close enough to G

pole for temperatures to be too cold to the pole for temperatures to be too
support persistent water in the case of a cold to support persistent water C
non-nominal impact caused by a drilling operation
¢ Challenges: ¢ Challenges: c
w An analysis demonstrating that a w An analysis demonstrating that a
region/pool of persistent water cannot region/pool of persistent water
be created in the case of a nooeminal cannot be created during drilling may
impact may be required be required
¢ If not possible to demonstrate that a ¢ If not possible to demonstrate that a
region/pool of persistent water cannot be region/pool of persistent water cannot
created, or the NASA Planetary Protection be created, or the NASA Planetary
Officer does not accept the analysis then Protection Officer does not accept the
the hardware that would reach the analysis then the hardware that would
Martian surface must be enclosed in a penetrate the Martian surface must be
bio-barrier and undergo a fotorder-of- enclosed in a bibarrier and undergo a
magnitude microbial reduction process four-order-of-magnitude microbial

reduction process

3A: with an AXEL rover

3B: without an AXEL rover but with
GPR + TEM on lander

Assumptions:
w Lander has onboard RHUs
Challenges:

w Project should perform an analysis
demonstrating that a region/pool of
persistent water cannot be created
in the case of a nenominal impact

¢ Itis probablynot possible to
demonstrate that a region/pool of
persistent water cannot be created,
so the hardware that would reach
the Martian surface must be
enclosed in a bibarrier and
undergo a fouorder-of-magnitude
microbial reduction process




Static Lander Concept
EDL Mission Design Constrain

eIl

-EDL trajectory targeting to a high latitude region
above 70deg N puts an additional constraint
for Mars arrival conditions and@ane crossing

- Below is a parametric look at Central angle as a funct
2F Kk OKE@LISNb2tAO @St 20A
selecting the EartMars launch arrival pair for a direct

VD 4id o V) transfer
NS VI
| Vinf  Central Angle EDL Time
2km/s 12.6 deg 392.4 sec
4 : w8  3km/s 13.25deg 399 sec Entry Mass:
L S 4km/s 14.05 deg 410.6sec 607 kg
?@,?/_{ SRR \\ S 5km/s 14.95 deg 417 sec
'Q\\\\“s\? L, _Daens ’ 6 km/s 15.98 deg 424.3 sec

i R e .\,,\\,ly~ g
Option 1: Static lander at 82degree latitude with radioisotope power, surviving for one full Martian year
A 1A:MMRTG

According to MEL the dry mass of the lander is ~470 kg which is ~100 kg higher than InSight. A significant mechanical redesign of
the leg structure and propellant tanks would be required. The MMRTG overall volume would have to be checked against the
available area on the deck of the landing platform. The InSight/PHX heritage is not consistent with the inherent assumptions.

5/29/2019 Pre-decisional. For planning and discussion only. 11




Static Lander Concept
EDL Options Considered APL

Option 1: Static lander at 8&gree Option 2: Solapowered static lander 3A: with an AXEL rover
latitude with radioisotope power, at 82—d_egr_ee latitude with drill, _ ¢ The placement of the rover on the deck
surviving for operating just through the Martian of the InSightPHX lander does not allow
C 1B: SMRTG summer to preserve the build to print EDL
¢ This option is within the heritage of ; ; ; archltec_ture_. D_ue to the volume_z
. . G  Allof the considerations outlined constraints inside thaeroshelthis
the Inilghﬁsnggr. The lander r_nﬁsi,] 'S in Option 1 are applicable for this  concept requires an increase in
:’sﬁghﬂagﬁc Is consistent with the architecture as well. (see p.4) lander/aeroshelkize. See Option 2 (p.5).
] o _ : : g Another engineering limitation is that the
W Radar COﬂSIderatIOI’l fOI’ 1A/:I.B OpthI‘]SZ w AerOShe"Lander Siz€ Consfderatlons. rover would require a dep|oyab|e ramp
¢ Both options are required to land on ¢ Note that any change meroshell which would require an upper deck
ice. The PHXiSightHonewelFM-4 size from 2.65 m to 3 m would redesign.
radar due to a long wavelength is not break thelnSightEDL . .
currently configured to do so. A heritage.Théander redesign w  The picture below lllustrates how
significant flight test campaign is aK2dAd R 0S 02adSR Icempact taeyfadgd configuration is
required . Another solution is to used RSOSt2LIYSyue dzy Al ¢ o e

«a..f-"-,,_;Q( N

the Italian radar build for Schiaparelli Option 3: Solapowered static lander

.Iander. _ _ at 60degree latitude surviving for
w  Terrain Considerations for 1A/1B one full year
Options:
P . _ ¢ The 60deg latitude constraint
¢ The region above 82_deg N is poorly relaxes the site altitude limits (i.e.
characterized. ThinSightander <-2.5 km MOLA) and FMiradar

slope constraintis < 5 deg. The MOLA
elevation at 82de@®5deg N is-2.0

km MOLA which could be more in line with Phoenix landing Source: NASA/JPL/Caltech

problematic for this lander. Site architecture (i.e. PHX landed at
alteration on ice from the pulsed 68 degN)

engines could be another issue.

consideration described in Option
1 (see p.4). The EDL conceptis

3B: without an AXEL rover with TEM

¢ The extra solar arrays required for
this option would may require a

largeraerosheland entry system
5/29/2019 Predecisional. For planning and discussion only. reo?esign. ySySiEm o




Thermal Design Considerations SJPL

Static Lander Concept

Utilize stateof-the-art for insulation ofvarm electronics

box(WEB) on Mars

A 2-inch thick CQinsulation layer

A 30% better performance can theoretically be achieved
with an Aerogel design, but based on experience, it is
difficult to implement and achieve this level

Ref . Matt hew Redmond, JPL, ifiReview and Comparison of Ther mal
Mars Surface Missionsod, 2016 Spacecraft Ther mal Control Wor ksh
California.

5/29/2019

MER Class WEB volume

Figure 2. The energy required internal to the WEB per sol to maintain equipment temperaturg
above-20 C per sol in Winter. The temperatures represent the average at different latitudes
(e.g.,148K=~85N, 168K =~45 N, 188 K =~35 N). Power will be reduced ifwi§d

Predecisiona|_ For p|anning and diSCUSSiOﬂ On|y_ temperatures are higher than local environment temperature.




