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Q‘ National Aeronautics and
~~J:  Space Administration

InSight .

Home

ly evolution of terrestrial pla '- 4
Understanding the processes that shaped rocky planets
more than four billions years ago

Determine the tectonic activity and the impact flux at the
Mars surface

formation, as well as measuring the planet's "vital signs": Its "pulse"” (seismology),
"temperature" (heat flow probe), and "reflexes" (precision tracking).

InSight seeks to answer one of science’s most fundamental questions: How did the
terrestrial planets form?

NASA Call for proposal, June 2010

12t mission of the Discovery Programme (cost < 450 MS)
28 proposals received
August 2012 : InSight wins! ™
Launch postponed 2016 — 2018 (+ 150 MS) '
Launched Atlas V1 (160 MS), 5 May 2018
Successful landing on Mars, 28 November 2018

et by examining features like canyons, volcanoes, rocks
its building blocks - which can only be found by looking

Dr. BRuce BANERDT
PRrINCIPAL INVESTIGATOR
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&/ 358 kg (Earth)
InSight

822 Weight: IDA Instrument Deployment Arm

134,6 kg (Mars)

2700 W-h per sol (day)

Thrusters

0 A |nterior Exploration using Seismic
g 8 [nvestigations, Geodesy and Heat Transport

>

Artist view



Radius of the metallic core of Mars
between 1300 and 2000 km

Rotation and Structure
... . Experiment (RISE) antennas

e 3
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Fresh or cooked?

Interior Exploration using Seismic
Investigations, and Heat Transport

Artist view



aunching on 5 May 2018, Vandenberg USAF Base, California

(L

MAIN ENGINT START ) LIVE TLM DATA

avi78 Range Parameters

Altitude (mi) 9.0
velocity (mi/hr) L0658 .0
Down -Range (my) 247 .6

Mlight Azvsuth (deg) 153.5

InSight launch seen from Mt. Figuerao, 80 second exposure
Copyright: Simon Stahler, ETH ZUrich, staehler@erdw.ethz.ch




M. Golombek et al.

Prepare for Entry

~7 hours

* Entry

* Parachute Deployment

vA S

~2.5 minutes
« Radar Activation
» Lander Separation
* Gravity Turn Terminal Descent
~45 seconds

Landing at
-2.5km Elevation
(MOLA relative)

» Peak Heating & Peak Deceleration

Hypersonic Entry

~3.5 minutes

Parachute Descent

* Touchdown

% » Solar Array Deploy; T + 15 min

13



20 November 2018: EDL - Entry, |

Final EDL Parameter Update

* Entry

+ Peak Heating & Peak Decele @

» Parachute Deplo

* Heat Shield Jett

* Leg Deplc

HiRise Image, Curiosity

Landing at ,
-2.5km Elevation : » Solar Array Deploy; T + 15 min
(MOLA relative)



20 November 2018: EDL - Entry,

Final EDL Parameter Update

Thermal shield at 16 m, 1.5 mn before landing, Curiosity

* Gravity Turn Terminal Descent
i) ~45 seconds
KAW
e —

Landing at
-2.5km Elevation

“" « Solar Array Deploy; T + 15 min
(MOLA relative)

15




&) 26 November 2018: EDL - Entry, Descent and Landing o

InSight

M. Golombek et al.

Final EDL Parameter Update

» Parachute Deployment

&
* Cruise Stage Separation Prepare for Entry
P ~7 hours
0 * Entry
W;r * Peak Heating & Peak Deceleration Hypersonic Entry
/‘/v,\ ~3.5 minutes

* Heat Shield Jettison

* Leg Deployment Parachute Descent
~2.5 minutes

? - Radar Activation
". \-- _
e - » Lander Separation
T
e —— o « Gravity Turn T inal D t
’
> ‘1Y Rétro-rockets crminal LeScei
! ,/ X« 2Byl * Touchdown
e — , &

Landing at .
-2.5km Elevation - s o » Solar Array Deploy; T + 15 min
(MOLA relative)
16
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26 November 2018: EDL - Entry, Descent and |

» Final EDL Parameter Update

* Cruise Stage Separation

* Entry

W/’ » Peak Heating & Peak Deceleration

* Parachute Deployment

* Heat Shield Jettison
* Leg Deployment
« Radar Activation

+ Lander Separation

' Phoenix, 2008

~45 seconds
*|Touchdown
S

* Gravi

Landing at
-2.5km Elevation

¥ . solar Array Deploy; T + 15 min
(MOLA relative)

17
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M. Golombek et al.

Prepare for Entry

* Cruise Stage Separation
~7 hours

* Entry
Hypersonic Entry

» Peak Heating & Peak Deceleration
~3.5 minutes

» Parachute Deployment

G X » Heat Shield Jettison

Landing at
-2.5km Elevation
(MOLA relative)
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The Moon

Based on NASA images
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AD.., = 1015 mb = 101,5 kiPag

Moon: 3774 km

https://fr.wikipedia.org/wiki/Mars_(planete)
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Earth — Moon 0.384 Mkm

Presen P. Saadé, lycée La Martiniére, Lyon 22
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Martian year : 687 sols (days)

Presen P. Saadé, lycée La Martiniére, Lyon 23
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NASA : Recomposition after 102 images from Viking 1 Orbiter, 1980 hetBs://frwikipedia.org/wiki/Mars_(planéte)>*
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NASA : Recomposition after 102 images from Viking 1 Orbiter, 1980 hetBs://frwikipedia.org/wiki/Mars_(planéte) >’
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High rock density area

Warmer and wetter in the past

Flooding Plain, with some
rounded or semi-rounded rocks,
carried and deposited by floods,
at the beginning of the planet
evolution

Vallis (Pathfinder, 4/12/1996 — 27/9/1997)

T B

-
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rines deposits in Gale crater - Curiosity

Wind blown deposits

32
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Landslide

a, Valles Marineris)
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£ Vi
z ;?
g : s
" / {\ J
A

Crater
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InSight

Origin of cohesion: ice, oxydes?

/
Sand covering:
old craters

Escarpment (1 km) : high cohesion \

s

2

Crusty |
debris . *

Erosion

Remolded granular mass

:
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=~ jian soils : Viking 1 (1976), 15t photo of Mars, foot N°1

< . . . s S ?
YUY drc Lull IZI\U[\: w 'IIHC UIcicou e UUIIB&IIB auu tIcI Al el llu} 11 “l’l anu '\l Sy
to cloddy material, respectively. Dielectric constants and thermal inertias for blocky
material are larger but consistent with values in the northern plains. Our interpretations
are compatible with an aeolian origin for drift and similar materials elsewhere on Mars.
The postulate that moderate dielectric constants and thermal inertias larger than 3 or 4 x
10-3 are produced by cementation of soillike materials is partly consistent with the data.
The average dielectric constant and thermal inertia and their correlation with one an-
other suggest that most of the surface of Mars should present few difficulties to future
surface exploration, but some surfaces may present difficulties for spacecraft that are not
suitably designed. © 1989 Academic Press, Inc.
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Drift material -

Gh IS

» et Lo atan L0 A
Drift material

Sampler

Very fine particles
diameter around 10 um
(silts, eolian loess )
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Grinding, ejection
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Regolith

Rock
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No blocky ejectas |  Projectile t

Regolith

Rock
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ek et al. 2016) -

Photo HiRise
Pixel 25 cm (!)
Mars Reconnaissance Orbiter
2006 -
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1 shape, density

Tech

impact-glass
spherule

breccia
——

; oil-coated
# feldspathic | & - basalt
breccia | s

7
5 W
& .-

e e

Lunar Regolith j

2 AT e 500 umy v e

Optical Microscope, Phoenix landing site, Goetz et al. 2010)
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Physical and mechanical characteristics of Martian soils

« Nature, size and shape of the particles
* Density

* Friction angle

« Cohesion

* Thermal Inertia
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InSight

\arious terrestrial sands (o, = 2700 kg/m3, silica, calcareous)

Sand name Deo Dy €nn  (Mg/m3) € may (Mg/m3)
Brasted river 0.29 0.12 0.47 1,84 0.79 1,51
Mersey river 0.2 0.1 0.49 1,81 0.82 1,48
Monterey N°20 0.3 0.15 0.57 1,72 0.78 1,52
Monterey N°0 05 03 0.7 1,72 0.86 1,45
NELTE 025 0.16  0.59 1,70 0.92 1,41
TIPS CEEVPES 0.85 0.65  0.49 1,81 0.79 1,51
Welland river 0.14 0.1 0.62 1,67 0.94 1,39
Chattahoochee river 0.47 0.21 0.61 1,68 1,10 1,29
WEE e 021 014 056 1,73 0.89 1,43
CEIMI 025 011 046 1,85 0.75 1,54
0.41 0.16 0.52 1,78 0.9 1,42
036 0.23 0.63 1,66 1,1 1,29
09 0.15 0.1 1,91 0.84 1,47
038 0.2 0.54 1,75 0.82 1,48
0.22 0.15 0.61 1,68 1,03 1,33
oo CLEVCRCICNMY 076 065 049 181 08 150  Bolton 1986




2,
-

InSight

Effect of density on friction angle, rounded sand , I

46
44

42

40

38

36

Friction angle (°)

34
32
30

28
1,30 1,35 1,40 1,45 1,50 1,55 1,60 1,65 1,70

Density (Mg/m?3)

Lee and Seed 1967 48
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Effect of density on friction angle, rounded sand , I
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Friction angle (°)
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32
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Density (Mg/m?3)

Lee and Seed 1967 49
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Effect of density on friction angle, rounded sand , I
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Physical and mechanical characteristics of Martian soils

« Nature, size and shape of the particles
* Density

* Friction angle

« Cohesion

 Thermal Inertia
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Thermal inertia I
InSight ParisTech

Y

 Measured by THEMIS Orbiter
* Derived from the rate of change of the temperature surface (2 - 30 cm)

o | = (kpc)1?
— k : thermal conductivity
— p . bulk density at surface
— C . specific heat

52
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Thermal inertia I
InSight ParisTech

Y

 Measured by THEMIS Orbiter
* Derived from the rate of change of the temperature surface (2 - 30 cm)

o | = (kpc)Y2
— k : thermal conductivity
— p . bulk density at surface
— C . specific heat

« Small grains : low inertia (larger specific surface)
« Large grains : high inertia (smaller specific surface)

53



$'l‘

Thermal inertia I
InSight ParisTech

Y

 Measured by THEMIS Orbiter
* Derived from the rate of change of the temperature surface (2 - 30 cm)

o | = (kpc)Y2
— k : thermal conductivity
— p . bulk density at surface
— C . specific heat

« Small grains : low inertia (larger specific surface)
« Large grains : high inertia (smaller specific surface)

« Cohesion increases thermal inertia

54
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b Martian soils

ParisTech

Table 1 Characteristics of some Martian surface materials (Golombek et al. 2008, Chap. 20)

Surface material Bulk density Grain size  Cohesion Friction angle Thermal inertia
(Mg/m3) ~ (mm) (kPa) ) Im~2K~s71/%)

Drift 1-1.3 0.001-0.01 0-3 15-21 40-125

Sand 1.1-1.3 0.06-0.2 0-1 30 60-200

Crusty to cloddy sand 1.1-1.6 0.005-0.5 04 3040 200-326

Blocky, indurated soil 1.2-2 0.05-3 3—11 25-33 368—410

Dense float rock, volcanic 2.6-2.8 2-2000 1000-10000 40-60 > 1200-2500

Clastic rock, Columbia Hills 2 620-1100

Sulfate rock, Meridiani <2 > 400-1100

Data derived from Moore et al. (1987, 1999), Moore and Jakosky (1989), Christensen and Moore (1992),
Arvidson et al. (2004a, 2004b), Christensen et al. (2004a, 2004b), Herkenhoff et al. (2004a, 2004b), Fergason

et.al, (2006a) and Chap. 20 frm Rall

95
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2. Seismometer/regolith interaction

Seismometer : wave velocity in soil
Compression waves : V,,

Shear waves : V,

3. Dynamic
penetration of
the mole

56



,Ht Martian regolith I
* Regolith Reference Model with the following parameters:

— Emissivity, albedo (measured from orbiters)
— Thermal inertia, thermal conductivity ?from orbiters and lander)
t

@sity, por@/y\tohesion, Internat(iriction a@e

— S and P wave velocities, attenuation factor Q
— Elastic modulus, Poisson ratio Mechanical parameters

— Pressure diffusivity

57
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* Regolith Reference Model with the following parameters:

— Emissivity, albedo (measured from orbiters)
— Thermal inertia, thermal conductivity (from orbiters and lander)

@sity, por@cohesion, Internal friction angle
— S and B wave velocities, attenuation factor Q

Elastic modulusy Poisson ratio Mechanical parameters
— Pressure diffusivity

58
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* Regolith Reference Model with the following parameters:
— Emissivity, albedo (measured from orbiters)
— Thermal inertia, thermal conductivity (from orbiters and lander)
— Density, porosity, cohesion, internal friction angle
S and P wave velocitiesy attenuation factor Q

— Elastic modulus; QN ratio
— Pressure diffusivity

Stress
(reduced

Mechanical parameters

59
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Seismometer : wave velocity in soil
Compression waves : V,,

Shear waves : V,
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| DIRECTION OF
FOLARIZATION

SURFALE
ELECTRODES

CEMTER
" ELECTROOE

CHREE Foow OF
FOL ARIZATION

SURFALL
ELECTRODES

Delage et al. (2017)
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Vi, = Vs (Navier - CERMES) — Reference NASA values

o 500
8]
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S 400 *—MSSD
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. Elastic parameters

700

Fitting with #=0.3

600

500

Test 2 (dotted)

Tested regoliths too angular

Slightly smaller g =0.28?

300

Mojave

200

10m 20m 30 m

_—

Estimation ét surface: 85 — 100 m/s, but with g = 9.81 m/s?

Delage et al. (2017) 63
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%« Elastic parameters

Slightly smaller g

A/Eifel sand > — : -
600 | // _ Fitting with #=0.3 e
Mojave sand
£ / E w0 Too angular
Q. o
£ 30 / v, \/2(1 — ) 300
200 VS - 1 — 2\)
MSS-D 200 5
/
v=022 [ V=af -2
/" i
Vs(m/s) . . e e st e e
Estimation at surface: 85 — 100 m/s, but with g = 9.81 m/s?
4
2 —Q _ — 3
Ezpvlf*(z z) E =8-10 MPa for p=1.3 Mg/m
=1/ |andV, =85-100 m/s

Delage et al. (2017) 64



\'_ )

0@0

InSight

Experimental investigations carried out at Navier/CERMES

Space Sci Rev S
DOI 10.1007/s11214-017-0339-7 CrossMark

An Investigation of the Mechanical Properties of Some
Martian Regolith Simulants with Respect to the Surface
Properties at the InSight Mission Landing Site

Pierre Delage! - Foivos Karakostas? - Amine Dhemaied’ - Malik Belmokhtar! -
Philippe Lognonné? - Matt Golombek? - Emmanuel De Laure! - Ken Hurst® -
Jean-Claude Dupla! - Sharon Keddar® - Yu Jun Cui! - Bruce Banerdt?
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o Design of the shape of the SEIS foot

InSight

Final design of the SEIS feet ’ *****************************

Force (N)

1 2 3 4 5 6

Axial Displacement (um)

/ A k,=4.85.10° N/m

15 20 25

5 " 10
Penetration (mm)

67



Levelling system

Fayon et al. (2018) &3
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InSight

» Axial elastic stiffness k (Boussinesq, Poul
elastic circular plate of radius a

Typical strain ranges

|““"' ~|«——=| Retaining walls

|+ -|-'l—>| Foundations

- - '|‘—’| Tunnels

SEIS

Stiffness: G

a2

v (1 —_ Lab tests

g__
kv - 0-55 ﬁ 0-0(I)01 0-0lO1 0-2)1 0!1 (I) 1I0
Shear strain, . %

E — 7}8 M y. - Dynamic methods ’|
|+ _____ _[< Local gauges "|‘ _____ "I

Conventional soil testing
I -
|

Fig. 1. Characteristic stiffnesststrain behaviour of soil with typical
strain ranges for laboratory tests and structures (after Atkinson &
Sallfors, 1991 and Mair 1993)

Fayon et al. (2018) &9



»—+ Elastic interaction — Leveling system

InSight

- Lateral elastic stiffness k; (Boussinesq, Poulos and Davis 1974),
elastic circular plate of radius a

- 16(1 —v)Ea
- (7=8v)(1 +v)

N
S

Fayon et al. (2018) 7o



« Torque C;lq (Boussinesq, Poulos and Davis 1974),
elastic circular plate of radius a

Fayon et al. (2018) 71
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h—/ Elastic interaction I

Space Sci Rev (2018) 214:119 R
https://doi.org/10.1007/s11214-018-0555-9 Cro:

A Numerical Model of the SEIS Leveling System
Transfer Matrix and Resonances: Application to SEIS
Rotational Seismology and Dynamic Ground Interaction

Lucile Fayon' - Brigitte Knapmeyer-Endrun” - Philippe Lognonné’ .

Marco Bierwirth? - Aron Kramer? - Pierre Delage* - Foivos Karakostas! -
Sharon Kedar® - Naomi Murdoch® - Raphael F. Garcia® - Nicolas Verdier’ -
Sylvain Tillier! - William T. Pike® - Ken Hurst® - Cédric Schmelzbach’ -
William B. Banerdt®

72



-w
o ="'y

=/

InSight

Presenter Name

¢)

w

- ,
3 ‘ 'k . :
p N :
i ‘“7 ookt
O £ b
. t O .
v : o

»

Y

Py
et

8

{

v

A»

Q v
N X

", &%‘ 'z:\F.’e

-

N

5

(V. ¥
&
W craters

:

v

<

olombek et al. 2016

i A

Y.

)




-w
o ="'y

- anitia (Golombek et al. 2016)
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lysium Planitia (Golombek et al. 2016)

40 km

(=]

100 I,rmal Inertia J m2K'ls'? 300

Presenter Name The technical data in this document is controlled under the U.S. Export Regulations, release to foreign persons may require an export authorization. 16
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hermal inertia at InSight landing site, Elysium Planitia (Golombek et al. 2016)

Table 1 Characteristics of some Martian surface materials (Golombek et al. 2008, Chap. 20)

Surface material Bulk density Grain size  Cohesion Friction angle Thermal inertia
(Mg/m3)  (mm) (kPa) ) m—2 K~ 1s71/2)

Drift 1-1.3 0.001-0.01 0-3 15-21 40-125

Sand 1.1-13 |0.170 micron_i 30 180 Jm2K™'s!/?

Crusty to cloddy sand 1.1-1.6 0.005-0.5 04 30-40 200-326

Blocky, indurated soil 1.2-2 0.05-3 3-11 25-33 368-410

Dense float rock, volcanic 2.6-2.8 22000 1000-10000 40-60 > 1200-2500

Clastic rock, Columbia Hills 2 620-1100

Sulfate rock, Meridiani <?2 > 400-1100

Data derived from Moore et al. (1987, 1999), Moore and Jakosky (1989), Christensen and Moore (1992),
Arvidson et al. (2004a, 2004b), Christensen et al. (2004a, 2004b), Herkenhoff et al. (2004a, 2004b), Fergason
et-al, (2006a) and Chap. 20 from Bell. 76
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9s://www.nasa.gov/feature/jpl/for-insight-dust-cleanings-will-yield-new-sciefite
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- Data analysis
- Penetration monitoring
- Scoop experiments (pile, trench)

- Interaction HP3 — SEIS (hammering waves)
- SEIS tilting experiment
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