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Introduction:  InSight is a proposed Discovery-

class mission to study the martian interior. The focused 
InSight payload consists of a seismometer, a radio 
tracking experiment, and a heat flow probe, and will 
address fundamental questions of martian geophysics. 
Main mission goals are the determination of the size, 
physical state, and composition of the core, the thick-
ness of the crust, and the thermal state of the martian 
interior. 

To constrain the thermal state of the interior, In-
Sight will measure the planetary heat flow at the land-
ing site using the Heat Flow and Physical Properties 
Package (HP3) [1]. Heat flow is expected to vary with 
location on the surface of Mars [2], and a first meas-
urement will provide an important baseline to constrain 
mantle potential temperatures and the bulk abundance 
of heat producing elements in the martian interior. 

Candidate landing sites are located in the Elysium 
region of Mars, with a baseline landing at 139oE 1oN, 
and the InSight station will operate for a full martian 
year. This general framework is ideal for heat flow 
measurements, as temperature signals due to the sea-
sonal variation can be removed from long measure-
ments [3]. Furthermore, the influence of periodic sig-
nals due to, e.g., the martian obliquity variations, are 
minimized for a near equatorial landing site [4]. 

Instrument description:  HP3 [a] consists of a 
suite of sensors that will be emplaced into the martian 
subsurface by means of an electro-mechanical ham-
mering mechanism. Sensors include temperature sen-
sors and heaters to measure the thermal gradient and 
thermal conductivity of the regolith as well as tilt sen-
sors to determine the position of the instrument in the 
ground. The instrument is foreseen to penetrate up to 5 
m into the martian regolith and perform depth resolved 
measurements, from which the surface planetary heat 
flow can be directly deduced.  

The instrument consists of three functional subsys-
tems as shown in Fig. 1: The mole houses the electro-
mechanical hammering mechanism to provide capabil-
ity for penetration into the regolith, the heating foils 
employed for thermal conductivity measurements, and 
the tilt sensors. The instrumented tether provides the 
power and data link to the surface and acts as a carrier 
for the temperature sensors for the thermal gradient 
determination. The support system stays on the surface 
after deployment and provides secure storage of Mole 
and Tether during all flight phases. It also houses the 

engineering tether, which will connect the instrument 
to the electronics box in the warm compartment of the 
lander. As no drilling is required to achieve soil pene-
tration, HP3 is a relatively lightweight heat flow probe, 
weighting less than 2 kg. 

 

Figure 1: Schematics of the HP3 instrument showing 
the functional subsystems. 

 
Instrument Redesign: The HP3 instrument has 

been redesigned with respect to previous applications 
for Mars [5] and the Moon [6], and the Payload Com-
partment (PC) has been descoped. This configuration 
change positively influences the penetration perfor-
mance of the instrument, and preliminary tests indicate 
a 20% increased performance for highly cohesive soils. 
This performance gain is due to the reduced wall fric-
tion of the instrument. 

Further improvements are expected for cohesion-
less soil, for which the borehole created by the passage 
of the HP3 instrument is likely to collapse. Tests in-
cluding a PC have shown that in this case regolith can 
accumulate in between Mole and PC, and the PC then 
acts as an anchor impeding further progress. This 
weakness of the design has now been removed.  

Due to the redesign, the tiltmeter and heating foils 
were moved from the PC to the Mole, and this configu-
ration change is currently carried out. To accommodate 
the heating foils, the Mole diameter needs to be slight-
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ly increased, and special care is taken to mitigate the 
shock environment for the tiltmeter. 

 

 
Figure 3: Penetration performance of HP3 in the high-
ly cohesive martian soil simulant MSSD with and 
without Payload Compartment (PC). The final penetra-
tion depth was limited by the height of the employed 
test cylinder. 

 
Measurement principle: HP3 will measure tem-

peratures using platinum resistance temperature detec-
tors, which are mounted on the tether and will allow 
for a determination of the column temperature profile 
with a depth resolution of 35 cm. The thermal gradient 
in the regolith is then obtained from the combination of 
temperature and position measurements, i.e., the devia-
tion of the mole path from the vertical and the amount 
of paid out tether.  

The basic principle applied to determine the ther-
mal conductivity is the controlled injection of a speci-
fied amount of heat into the medium and a measure-
ment of the subsequent temperature increase of the 
heater, the self-heating curve [7]. We will use the Mole 
as a line heat source and determine thermal conductivi-
ty form a detailed numerical thermal model of Mole 
and regolith.  An additional independent measurement 
of the regolith’s thermophysical properties will be 
obtained from a measurement of the attenuation of the 
diurnal temperature wave amplitude.  

Instrument Operations: After landing, the seis-
mometer and HP3 will be deployed onto the martian 
surface by means of a 2.4 m long robotic arm within a 
time period of 30 sol. Deployment away from the 
lander will minimize the effects of lander shadows, 
which might otherwise alter the thermal structure of 
the regolith and affect the measurement [8]. 

After deployment, HP3 will execute hammering cy-
cles, penetrating 50 cm into the subsurface. Thereafter, 
heat built up during hammering will be allowed to 
dissipate for 48 h, before a thermal conductivity meas-
urement is executed for 24 h. This cycle is then repeat-

ed until the final penetration depth of 5 m is reached or 
further progress becomes impossible. 

In this way, a target depth of 5 m can be reached 
within 30 days, after which the long-term monitoring 
phase starts. This phase consists of tether temperature 
measurements on the hour and lasts to the end of the 
mission. 

 
 

 
 

Figure 2: Operational scenario for HP3 after deploy-
ment onto the ground by the robotic arm. 

 
 
Conclusions: The HP3 instrument is a light-weight 

heat flow probe which is being developed for an appli-
cation on the InSight mission to Mars. The HP3 design 
is currently changed to accomodate the descope of the 
payload compartment, thus increasing the penetration 
performance of the instrument. If the mission is select-
ed, HP3 will conduct the first planetary heat flow 
measurement since Apollo, providing the first direct 
measurement to constrain the thermal state of the plan-
et. 
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