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- NASA Call for proposal, June 2010 
- 12th mission of the Discovery Programme (cost < 450 M$)

- 28 proposals received
- August 2012 : InSight wins!
- Launch postponed 2016 – 2018 (+ 150 M$)
- Launched Atlas V1 (160 M$), 5 May 2018
- Successful landing on Mars, 28 November 2018

- 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
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Interior Exploration using Seismic
Investigations, Geodesy and Heat Transport

Phoenix Lander, 2008
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Interior Exploration using Seismic
Investigations, Geodesy and Heat Transport

SEIS Seismometer
Seismic Experiment for 

Interior Structure,

CNES, France, 50M€

Artist view
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Sismology
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Interior Exploration using Seismic
Investigations, Geodesy and Heat Transport

HP3 Device

Heat Flow and 

Physical Properties

Package

DLR, Germany

Temperature measurements
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m

Dynamic penetration

Artist view



InSight

The technical data in this document is controlled under the U.S. Export Regulations. Release to foreign persons may require an export authorization.

Interior Exploration using Seismic
Investigations, Geodesy and Heat Transport

IDA Instrument Deployment Arm

IDC Instrument Deployment Camera

Grapple

Thrusters

2700 W-h per sol (day)
(1500 W-h needed)

ICC Instrument Context Camera

Weight: 
358 kg (Earth)
134,6 kg (Mars)

Artist view
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Interior Exploration using Seismic
Investigations, Geodesy and Heat Transport

Fresh or cooked?

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

Rotation and Structure 
Experiment (RISE) antennas

UHF antenna

Artist view



Launching on 5 May 2018, Vandenberg USAF Base, California
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26 November 2018: EDL - Entry, Descent and Landing : 7 minutes of terror
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M. Golombek et al.

Fig. 1 Graphical depiction of critical events during InSight’s entry, descent and landing

tion, members of the standing review board of the project attended all project landing site

downselection meetings.

This paper documents the selection of the InSight landing site. We begin by describ-

ing the engineering (e.g., ellipse size, latitude, elevation, slopes, rocks and surface proper-

ties), instrument deployment, and planetary protection constraints on landing site selection

(Sects. 2 and 3). Next we describe the data and models used to evaluate surface character-

istics and the definition of the atmosphere used for EDL analysis (Sects. 4 and 5). Because

landing site selection decisions are based on incomplete information (e.g., only the images

acquired and work accomplished up to that time), a description of the history of landing site

selection is required to understand why the final landing site was selected. As a result, the

landings site history is described along with the downselections and decisions made during

the process, including the independent peer and planetary protection reviews (Sect. 6). The

surface characteristics of the landing sites are described and compared to other landing sites

and the engineering constraints (Sect. 7), and landing success is assessed via engineering

simulations of landing (Sect. 8) on hazard maps derived from surface data products (maps

of slopes and rocks).

2 Landing SiteConstraints

2.1 Entry, Descent and Landing

InSight’s EDL architecture is inherited directly from the PHX mission that landed safely

on Mars in May 2008. Only minor modifications to the system implementation and EDL

profile were necessary to accommodate differences between the 2008 and 2016 or 2018

mission opportunities.

The InSight EDL sequence of events is shown in Fig. 1. Preparations for entry begin

10 minutes prior to atmospheric entry—defined to occur at a radius of 3522.2 km from the
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Fig. 1 Graphical depiction of critical events during InSight’s entry, descent and landing

tion, members of the standing review board of the project attended all project landing site

downselection meetings.

This paper documents the selection of the InSight landing site. We begin by describ-

ing the engineering (e.g., ellipse size, latitude, elevation, slopes, rocks and surface proper-

ties), instrument deployment, and planetary protection constraints on landing site selection

(Sects. 2 and 3). Next we describe the data and models used to evaluate surface character-

istics and the definition of the atmosphere used for EDL analysis (Sects. 4 and 5). Because

landing site selection decisions are based on incomplete information (e.g., only the images

acquired and work accomplished up to that time), a description of the history of landing site

selection is required to understand why the final landing site was selected. As a result, the

landings site history is described along with the downselections and decisions made during

the process, including the independent peer and planetary protection reviews (Sect. 6). The

surface characteristics of the landing sites are described and compared to other landing sites

and the engineering constraints (Sect. 7), and landing success is assessed via engineering

simulations of landing (Sect. 8) on hazard maps derived from surface data products (maps

of slopes and rocks).

2 Landing SiteConstraints

2.1 Entry, Descent and Landing

InSight’s EDL architecture is inherited directly from the PHX mission that landed safely

on Mars in May 2008. Only minor modifications to the system implementation and EDL

profile were necessary to accommodate differences between the 2008 and 2016 or 2018

mission opportunities.

The InSight EDL sequence of events is shown in Fig. 1. Preparations for entry begin

10 minutes prior to atmospheric entry—defined to occur at a radius of 3522.2 km from the

HiRise Image, Curiosity
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Fig. 1 Graphical depiction of critical events during InSight’s entry, descent and landing

tion, members of the standing review board of the project attended all project landing site

downselection meetings.

This paper documents the selection of the InSight landing site. We begin by describ-

ing the engineering (e.g., ellipse size, latitude, elevation, slopes, rocks and surface proper-

ties), instrument deployment, and planetary protection constraints on landing site selection

(Sects. 2 and 3). Next we describe the data and models used to evaluate surface character-

istics and the definition of the atmosphere used for EDL analysis (Sects. 4 and 5). Because

landing site selection decisions are based on incomplete information (e.g., only the images

acquired and work accomplished up to that time), a description of the history of landing site

selection is required to understand why the final landing site was selected. As a result, the

landings site history is described along with the downselections and decisions made during

the process, including the independent peer and planetary protection reviews (Sect. 6). The

surface characteristics of the landing sites are described and compared to other landing sites

and the engineering constraints (Sect. 7), and landing success is assessed via engineering

simulations of landing (Sect. 8) on hazard maps derived from surface data products (maps

of slopes and rocks).

2 Landing SiteConstraints

2.1 Entry, Descent and Landing

InSight’s EDL architecture is inherited directly from the PHX mission that landed safely

on Mars in May 2008. Only minor modifications to the system implementation and EDL

profile were necessary to accommodate differences between the 2008 and 2016 or 2018

mission opportunities.

The InSight EDL sequence of events is shown in Fig. 1. Preparations for entry begin

10 minutes prior to atmospheric entry—defined to occur at a radius of 3522.2 km from the

Thermal shield at 16 m, 1.5 mn before landing, Curiosity
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Fig. 1 Graphical depiction of critical events during InSight’s entry, descent and landing

tion, members of the standing review board of the project attended all project landing site

downselection meetings.

This paper documents the selection of the InSight landing site. We begin by describ-

ing the engineering (e.g., ellipse size, latitude, elevation, slopes, rocks and surface proper-

ties), instrument deployment, and planetary protection constraints on landing site selection

(Sects. 2 and 3). Next we describe the data and models used to evaluate surface character-

istics and the definition of the atmosphere used for EDL analysis (Sects. 4 and 5). Because

landing site selection decisions are based on incomplete information (e.g., only the images

acquired and work accomplished up to that time), a description of the history of landing site

selection is required to understand why the final landing site was selected. As a result, the

landings site history is described along with the downselections and decisions made during

the process, including the independent peer and planetary protection reviews (Sect. 6). The

surface characteristics of the landing sites are described and compared to other landing sites

and the engineering constraints (Sect. 7), and landing success is assessed via engineering

simulations of landing (Sect. 8) on hazard maps derived from surface data products (maps

of slopes and rocks).

2 Landing SiteConstraints

2.1 Entry, Descent and Landing

InSight’s EDL architecture is inherited directly from the PHX mission that landed safely

on Mars in May 2008. Only minor modifications to the system implementation and EDL

profile were necessary to accommodate differences between the 2008 and 2016 or 2018

mission opportunities.

The InSight EDL sequence of events is shown in Fig. 1. Preparations for entry begin

10 minutes prior to atmospheric entry—defined to occur at a radius of 3522.2 km from the

Rétro-rockets
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Fig. 1 Graphical depiction of critical events during InSight’s entry, descent and landing

tion, members of the standing review board of the project attended all project landing site

downselection meetings.

This paper documents the selection of the InSight landing site. We begin by describ-

ing the engineering (e.g., ellipse size, latitude, elevation, slopes, rocks and surface proper-

ties), instrument deployment, and planetary protection constraints on landing site selection

(Sects. 2 and 3). Next we describe the data and models used to evaluate surface character-

istics and the definition of the atmosphere used for EDL analysis (Sects. 4 and 5). Because

landing site selection decisions are based on incomplete information (e.g., only the images

acquired and work accomplished up to that time), a description of the history of landing site

selection is required to understand why the final landing site was selected. As a result, the

landings site history is described along with the downselections and decisions made during

the process, including the independent peer and planetary protection reviews (Sect. 6). The

surface characteristics of the landing sites are described and compared to other landing sites

and the engineering constraints (Sect. 7), and landing success is assessed via engineering

simulations of landing (Sect. 8) on hazard maps derived from surface data products (maps

of slopes and rocks).

2 Landing SiteConstraints

2.1 Entry, Descent and Landing

InSight’s EDL architecture is inherited directly from the PHX mission that landed safely

on Mars in May 2008. Only minor modifications to the system implementation and EDL

profile were necessary to accommodate differences between the 2008 and 2016 or 2018

mission opportunities.

The InSight EDL sequence of events is shown in Fig. 1. Preparations for entry begin

10 minutes prior to atmospheric entry—defined to occur at a radius of 3522.2 km from the

Phoenix, 2008
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Fig. 1 Graphical depiction of critical events during InSight’s entry, descent and landing
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Phoenix, 2008



Solar system

[Last Name(s) of Presenter(s)] This document contains export-restricted data.

Rocky Planets



Rocky Planets

This document contains export-restricted data. Based on NASA images 

The Earth

The Moon



Mars and the Earth

This document contains export-restricted data.

Mars

21

patm = 1015 mb = 101,5 kPa

Moon: 3774 km

https://fr.wikipedia.org/wiki/Mars_(planète)
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Mars, Earth and the Sun, geo-centered reference

22Presenter Name P. Saadé, lycée La Martinière, Lyon

Sun

Earth

Mars
75 Mkm on 30 May 2016

149.6 Mkm

Earth – Moon 0.384 Mkm
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Mars, Earth and the Sun, geo-centered reference

23Presenter Name

Mars
2 years : 2016 - 2018

P. Saadé, lycée La Martinière, Lyon

Martian year : 687 sols (days)

Sun

Earth
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Back on Mars

2424NASA : Recomposition after 102 images from Viking 1 Orbiter, 1980 https://fr.wikipedia.org/wiki/Mars_(planète)
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NASA Missions: landers + rovers

26Presenter Name

Olympus Mons 
H = 25 km 
D =  600 km

MARS DICHOTOMY

Meteorit Impacts (patm = 6 mb)

Mars Orbiter Laser Altimeter (MOLA), Mars Global Surveyor (1997 – 2006)



27The technical data in this document is controlled under the U.S. Export Regulations, release to foreign persons may require an export authorization.

NASA Missions: landers + rovers
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Lander 1976

Chryse Planitia

Lander 1976

Utopia Planitia

1997 Ares Vallis

lander
Sojourner rover

2004 - 2010

rover
Gusev crater

rover
2004 - 2016

Meridiani planum
Victoria crater

Lander 2008
Vastistas Borealis

rover
2012 - …

Gale crater

Lander 2018
Elysium Planitia

Olympus Mons 
H = 25 km 
D =  600 km
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Geological Observations, Ares Vallis (Pathfinder, 4/12/1996 – 27/9/1997)

28

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

High rock density area
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Pathfinder (1997), Mars Exploration Rovers (2004), Mars Science Laboratory (2012)
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Sojourner, 1997
10 kg

Mars Exploration Rovers (MER)
Spirit (2004 – 2011)
Opportunity (2004 – 2018)
174 kg

Curiosity, 2012
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Rover Curiosity : since 6th August 2012!

30Presenter Name



31The technical data in this document is controlled under the U.S. Export Regulations, release to foreign persons may require an export authorization.

Fluvial Deposits - Curiosity

31

Rounded gravel

Liquid water : higher temperatures in the past (3.5 billions years)

Conglomerate
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Sedimentary lacustrines deposits in Gale crater - Curiosity
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Wind blown deposits

Sedimentary cemented deposits
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Landslide in regolith (Ganges Chasma, Valles Marineris)

33

Impacts and formation of regolith24/05/2011

Examples (4): Mars

Intermediate case: Cratering + action of wind (and water)

9/43

Landslide

Crater

6 km
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Impacts and formation of regolith24/05/2011

Examples (4): Mars

Intermediate case: Cratering + action of wind (and water)

9/43

Remolded granular mass

Escarpment (1 km) : high cohesion

Crusty
debris

Erosion

Landslide in regolith (Ganges Chasma, Valles Marineris)

Origin of cohesion: ice, oxydes?

6 km

Sand covering: 
old craters
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The Mechanics of Martian soils : Viking 1 (1976), 1st photo of Mars, foot N°1

35Presenter Name

20 cm
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Viking 1 (1976): Foot N° 2 buried

36

Buried foot, 16,5 cm penetration
Drift material : windblown fine powder

(flour, lumps)

Escarpment: small cohesion

Slope
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Samplers, Viking 1 and 2

37Presenter Name

Drift material

Very fine particles
diameter around 10 µm
(silts, eolian loess )

Aggregated
particles

Sampler

Drift material
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Sampler, Viking 1 et 2

38Presenter Name

Crusty to cloddy
Cohesion < 3kPa

« Blocky material »
Trench
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Impacts and formation of regolith24/05/2011

What is a large impact?

• Crater size ~ 10 x impactor size

• A large impact penetrates the existing regolith layer and 
creates fresh regolith

13/43

Meteorit at 30 km/s
vaporisation

10 x impactor 
diameter

Atmospheric pressure 6 mb (Moon 0 mb, Earth 1015 mb)

Regolith formation

Regolith

Bedrock
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Impacts and formation of regolith24/05/2011

What is a large impact?

• Crater size ~ 10 x impactor size

• A large impact penetrates the existing regolith layer and 
creates fresh regolith

13/43

1000 x impactor 
volume

Meteorit at 30 km/s
vaporisation

Atmospheric pressure 6 mb

Regolith formation

Regolith
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Impacts and formation of regolith24/05/2011

What is a large impact?

• Crater size ~ 10 x impactor size

• A large impact penetrates the existing regolith layer and 
creates fresh regolith

13/43

Grinding, ejection 
at 6 – 8 diameters

Atmospheric pressure 6 mb

Regolith formation

Regolith

Bedrock
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Impacts and formation of regolith24/05/2011

What is a large impact?

• Crater size ~ 10 x impactor size

• A large impact penetrates the existing regolith layer and 
creates fresh regolith

13/43

No blocky ejectas With blocky ejectas

Atmospheric pressure 6 mb

Regolith formation

Regolith

Bedrock
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Epaisseur du régolithe sur Utopia Planitia (Golombek et al. 2016)

43

112 m
Rocky blocks around

75 m, no rocky ejectas
around

Thickness > 0,08 d = 6 m

Photo HiRise
Pixel 25 cm (!)

Mars Reconnaissance Orbiter 
2006 -
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Regolith formation (Golombek et al. 2016)

44Presenter Name Utopia planitia

10 m

Which density?

Filling of craters (wind)
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Particle size and shape, density

45

Lunar Regolith

Optical Microscope, Phoenix landing site, Goetz et al. 2010)

500 µm



• Nature, size and shape of the particles

• Density

• Friction angle

• Cohesion

• Thermal Inertia

Physical and mechanical characteristics of Martian soils
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Various terrestrial sands (rs = 2700 kg/m3 , silica, calcareous)

47Presenter Name

Sand rmax rmin

Sand name D60 D10 emin (Mg/m3) emax (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 0.5 0.3 0.57 1,72 0.86 1,45
Ham river 0.25 0.16 0.59 1,70 0.92 1,41
Leighton Buzzard 14/25 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
Mol 0.21 0.14 0.56 1,73 0.89 1,43
Berlin 0.25 0.11 0.46 1,85 0.75 1,54
Guinea marine 0.41 0.16 0.52 1,78 0.9 1,42
Portland river 0.36 0.23 0.63 1,66 1,1 1,29
Glacial outwash sand 0.9 0.15 0.41 1,91 0.84 1,47
Karlshrue medium sand 0.38 0.2 0.54 1,75 0.82 1,48
Sacramento river 0.22 0.15 0.61 1,68 1,03 1,33
Ottawa sand 0.76 0.65 0.49 1,81 0.8 1,50 Bolton 1986
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Effect of density on friction angle, rounded sand

48Lee and Seed 1967
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Effect of density on friction angle, rounded sand
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Effect of density on friction angle, rounded sand



• Nature, size and shape of the particles

• Density

• Friction angle

• Cohesion

• Thermal Inertia

Physical and mechanical characteristics of Martian soils



Thermal inertia

• Measured by THEMIS Orbiter

• Derived from the rate of change of the temperature surface (2 – 30 cm)

• I = (kρc)1/2

– k : thermal conductivity

– r : bulk density at surface

– c : specific heat

52



Thermal inertia

• Measured by THEMIS Orbiter

• Derived from the rate of change of the temperature surface (2 – 30 cm)

• I = (kρc)1/2

– k : thermal conductivity

– r : bulk density at surface

– c : specific heat

• Small grains : low inertia (larger specific surface)

• Large grains : high inertia (smaller specific surface)
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Thermal inertia

• Measured by THEMIS Orbiter

• Derived from the rate of change of the temperature surface (2 – 30 cm)

• I = (kρc)1/2

– k : thermal conductivity

– r : 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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Martian soils
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Soil mechanics on Mars

56Presenter Name

InSight

The technical data in this document is controlled under the U.S. Export Regulations. Release to foreign persons may require an export authorization.

1. Seismometer : wave velocity in soil
- Compression waves : Vp

- Shear waves :  Vs

2. Seismometer/regolith interaction 

3. Dynamic
penetration of 
the mole
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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 velocities, attenuation factor Q

– Elastic modulus, Poisson ratio

– Pressure diffusivity

Mechanical parameters

Martian regolith
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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 velocities, attenuation factor Q

– Elastic modulus, Poisson ratio

– Pressure diffusivity
Mechanical parameters

Martian regolith
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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 velocities, attenuation factor Q

– Elastic modulus, Poisson ratio

– Pressure diffusivity Mechanical parameters

Martian regolith

Stress

(reduced

gravity)
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The mechanics of Martian soils
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1. Seismometer : wave velocity in soil
- Compression waves : Vp

- Shear waves :  Vs
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Vp – Vs (Navier – CERMES) : Bender elements
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   a)      b) 

Figure 8. Schematic view of triaxial base and cap 

 

      
          a)       b) 

Figure 9. Photos of the specimen and of the triaxial cell 

 

Figure 9a shows a photo of the 50 mm diameter and 100 mm high specimen prepared with the 

neoprene membrane all around on the triaxial base. The left duct is used to apply vacuum 

(~ 80 kPa) inside the sample to allow stability and to connect the air inside the sample with 

atmospheric pressure once the sample under confinement. The right wire allows the 

connection of the top bender element. Figure 9b shows the triaxial cell mounted on the base. 

The cell is filled with water and connected to a water pressure source, allowing to apply 

isotropic stress up to 1 MPa. One can also observe the pressure gauge connected to the cell 

base on left hand side. Note that due to short delays, no local strain measurements were 

placed. Since samples were tested in a dry state, it was not possible to monitor their volume 

change during stress application as currently done by following water exchanges on water 

saturated samples. 
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2 mm and only the fraction smaller than two millimeters was used so as to prepare the 

cylindrical triaxial specimens (50 mm diameter and 100 mm height) described below.  

 The grain size distribution curves presented in Figure 2 have been obtained by sieving 

for the two sands and by laser granulometry for the MSS-D sample. They confirm that the 

fraction smaller than 2 mm in both sands are somewhat comparable (from fine sand to 

sand) with however smaller particles in Mojave sand and that the MSS-D is significantly 

smaller, in the silt range. 

silt fine sand sand

MSS-D

Eifelsand

Grain size (µm)

Mojave

silt fine sand sandsilt fine sand sand

MSS-D

Eifelsand

Grain size (µm)

Mojave

 
 

Figure 2 Grain size distribution curves of the Mars regolith simulants tested 

3. Experimental device  

1.1. Bender elements 

Bender elements are piezo-electric ceramic plates (Figure 3) working in frequency 

between 1 and 100 kHz that are able to generate both shear and compression waves once 

inserted in top and bottom of granular specimens. Figure 4 shows tha principle of 

measuring wave velocities in cylindrical specimens submitted to isotropic confinement. 

 

Vs

Vp

Vs

Vp

 
Figure 3. Bender elements 

 

1.2.  Triaxial device 

Like in standard triaxial testing, the cylindrical granular specimen is prepared inside a 

neoprene membrane on the base of a triaxial cell. To improve accuracy, samples larger 

than standard triaxial specimen (diameter 38 mm and height 76 mm) were used, with 50 

mm diameter and 100 mm height.  

 

Delage et al. (2017)
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Vp – Vs (Navier – CERMES) – Reference NASA values
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Mechanical Properties of Martian Regolith Simulants

Fig. 2 Regolith simulants tested

Fig. 3 Grain size distribution of the Martian simulants

Mojave

Eifelsand
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Elastic parameters

63

Tested regoliths too angular

Slightly smaller b = 0.28?

Delage et al. (2017)

Estimation at surface: 85 – 100 m/s, but with g = 9.81 m/s2
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Elastic parameters

64

n = 0.22

Estimation at surface: 85 – 100 m/s, but with g = 9.81 m/s2

E = 8 - 10 MPa for r = 1.3 Mg/m3

and Vp = 85 – 100 m/s

Too angular

Slightly smaller b ?

Delage et al. (2017)
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Experimental investigations carried out at Navier/CERMES
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Mécanique des sols martiens
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InSight
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2. Seismometer/regolith interaction 
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Design of the shape of the SEIS foot
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The response of various shapes of the SEIS feet 
P. Delage1, M. Belmokhtar1, E. De Laure1, S. Bencharef2 

 
1 CNRS Navier (Cermes), Ecole des ponts ParisTech, France 

2 IPGP, Paris, France 
 
 

Introduction 

A preliminary investigation of the response of the SEIS feet has been presented in a report 
by Karakostas et al. (2013). Typical results of foot penetration tests obtained on a MSS-D 
(Mars Soil Simulant D, dust type) sample provided by the German Space Agency (DLR) at a 
dry unit mass of 1.57 Mg/m3 is presented in Figure 1. 
 

 
a)      b) 
Figure 1. a) Device developed; b) Penetration curves, MSS-D sample, unit mass 1.57 Mg/m3 
 

Figure 1a shows the penetration device specifically developed (see Karakostas et al. 2013) 
for more details. 

In Figure 1b, the blue curves present the changes in axial force (between 0 and 6 N) during 
the penetration of a foot made up a 60 mm diameter disk having in its centre a 20 mm long 
cone having a base diameter of 20 mm (see photo). Both curves exhibit three phases: cone 
(plastic) penetration is followed by a section with larger slope and stiffer response 
corresponding to the contact of the disk up to 6 N; finally, the elastic response is provided by 
running force cycles, with low elastic constant values included between 5.97 x 103 and 
4.85 × 104 N/M. One can observe that a stiffer response (5.38 x 105 N/m) is observed with a 
30 mm diameter cone, in spite of not having achieved full penetration and disk/soil contact. 
Finally, the disk/soil contact test (plate loading, with no cone) provides an elastic response 
characterised by a constant value of 5.4 x 104 N/m. 

 

Complementary testing program 

Technical improvements 

The elastic constant values obtained in Figure 1b are too small and it was decided to run a 
complementary programme on another Mars stimulant, the Mojave sand (208 µm average 
D50 diameter), supposed to be closer to what is expected on the landing site and to provide 

Mars Mojave Simulant (MMS)

10 mm
20 mm

60 mm

Final design of the SEIS feet
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Elastic interaction – Leveling system

Levelling system

Fayon et al. (2018)
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• Axial elastic stiffness 𝑘𝑣
𝑔

(Boussinesq, Poulos and Davis 1974), 

elastic circular plate of radius a

𝑘𝑣
𝑔
=

2Ea

(1 − 𝜈2)

𝑘𝑣
𝑔
= 0.55 MN/m

𝑘𝑣
𝑔 E = 7,8 MPa: too small?

Elastic interaction – Leveling system

𝐸 =
)k(1 − 𝜈2

2𝑎

Fayon et al. (2018)

Lab tests

SEIS
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• Lateral elastic stiffness 𝑘ℎ
𝑔

(Boussinesq, Poulos and Davis 1974), 

elastic circular plate of radius a

𝑘ℎ
𝑔

Elastic interaction – Leveling system

Fayon et al. (2018)
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• Torque 𝐶ℎ
𝑔

(Boussinesq, Poulos and Davis 1974), 

elastic circular plate of radius a

𝐶ℎ
𝑔

Elastic interaction – Leveling system

Fayon et al. (2018)
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Elastic interaction
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InSight landing site, Elysium Planitia (Golombek et al. 2016)

73Presenter Name

Few craters
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Site d’atterrissage InSight, Elysium Planitia (Golombek et al. 2016)

74Presenter Name

Few craters
Few rocky blocks
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Thermal inertia at InSight landing site, Elysium Planitia (Golombek et al. 2016)
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Thermal inertia at InSight landing site, Elysium Planitia (Golombek et al. 2016)
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What happened on the landing site  on 28 November 2019?
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What happened on the landing site?

78

1st Photo! 
Instrument 
Context Camera

Lander foot
Rock

Flat area
Few blocks 
(good)

Dust particles 
on lens
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More details

79

Buried lander 
foot

Angular rock (ejecta)

Pebbles
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IDC Camera, 1st photo

80

Flat ground, 
as expected, 
few blocks 

IDA (Arm)

Grasping system

SEIS

Hollow, filled by sand
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Where are we? (Mars Reconnaissance Orbiter, HiRise camera)

81

Solar panels!
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Where are we? (Mars Reconnaissance Orbiter, HiRise camera)
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Where are we? (Mars Reconnaissance Orbiter, HiRise camera)
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Where are we?
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Change in albedo due 
to particle expulsion by 
rockets at around 20 m
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InSight first selfie!

85https://www.nasa.gov/feature/jpl/for-insight-dust-cleanings-will-yield-new-science

Temperature and Wind for InSight (TWINS) booms
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Dust covering on solar panels

86
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Particles expulsion by rockets
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Local confirmation by RAD 
radiometer of Thermal Inertia: 
170 - 180 TI units
Cohesionless fine grain sand 100 µm
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Lander feet
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Slightly buried in surface soil
Fine sand around 100 µm

Lucky!
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« SEIS is safely on the ground » 20 December 2018

89
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Placement of HP3

90

HP3
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Placement of HP3
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Placement of HP3

92

Fine sandy surface particles 
100 µm: TI 170 - 180
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Mars clouds – Instrument Contex Camera
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Expulsion beneath lander

94

Cohesion??

Angular pebbles 
(basalt type)

Clods?

Rockets exhaust
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Expulsion beneath lander

95

Pebbles around 4 cm
Pebbles around 4 cm

TI 180?
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What about the mole penetration?
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Mole penetration: 35 cm!
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Cemented « duricrust »
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Vp measurements from HP3 - SEIS
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Compression waves from hammering: 120 ± 30 m/s
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Perspectives
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InSight
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- Data analysis
- Penetration monitoring
- Scoop experiments (pile, trench)
- Interaction HP3 – SEIS (hammering waves)
- SEIS tilting experiment 
- …
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InSight Science Team Meeting, Paris, La Sorbonne, 17 – 21 June 2019

101



102The technical data in this document is controlled under the U.S. Export Regulations, release to foreign persons may require an export authorization. 102

InSight

The technical data in this document is controlled under the U.S. Export Regulations. Release to foreign persons may require an export authorization.


