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Introduction:  Mars 2020 will fly the Mars Entry, 

Descent, and Landing Instrumentation II (MEDLI2) 
sensor suite consisting of a total of seventeen instru-
mented thermocouple sensor plugs, eight pressure trans-
ducers, two total heat flux sensors, and one radiometer 
embedded in the thermal protection system (TPS).  Of 
the MEDLI2 instrumentation, eleven instrumented ther-
mocouple plugs and seven pressure transducers will be 
installed on the heatshield of the Mars 2020 vehicle 
while the rest will be installed on the backshell. The goal 
of the MEDLI2 instrumentation is to directly inform the 
large performance uncertainties that contribute to the 
design and validation of a Mars entry system.  A better 
understanding of the entry environment and TPS perfor-
mance could lead to reduced design margins enabling 
greater payload mass-fraction and smaller landing ellip-
ses.  

The MEDLI2 total heat flux sensors and radiometer 
are new instruments that were not flown on the Mars 
Science Laboratory mission.  These sensors directly 
measure the surface heat flux and radiation at specific 
backshell locations. The total heat flux sensors use a 
Schmidt-Boelter sensing element. The radiometer ver-
sion uses a sapphire window placed over the Schmidt-
Boelter sensing element to separate the radiative com-
ponent of the total heat flux.  

MEDLI2 recently planned and executed protoflight 
environmental testing as well planetary protection 
measures on the flight and flight-spare total heat flux 
sensors and radiometers.  This testing is required to pro-
vide confidence in the performance of the flight-lot sen-
sors when exposed to flight-like environments, and to 
reduce the risk of biological contamination on the planet 
of Mars with microbes from Earth. 

The testing began with a pre-test calibration and 
time constant characterization of each sensor to provide 
a baseline performance to compare to post-test.  After 
calibration each sensor was exposed to protoflight lev-
els of random vibration and sine burst testing to simulate 
the launch environment.  Next, the sensors were placed 
in a thermal vacuum chamber to accomplish three tasks; 

sensor bakeout, thermal cycling, and outgassing certifi-
cation.  Sensor bakeout was conducted to allow the sen-
sors to outgas unwanted materials which reduces the 
possibility of contaminating other instruments on the 
spacecraft during flight.  A temperature controlled 
quartz crystal microbalance (TQCM) was used to mon-
itor the rate of outgassing.  Once the TQCM reading 
reached steady-state, indicating that sensors had com-
pleted the majority of outgassing, the thermal cycling 
was begun.  The thermal cycling stressed the test articles 
by cycling them between the maximum and minimum 
expected flight temperatures, including the protoflight 
margin specified by Mars 2020.  At the end of the ther-
mal cycling an outgassing certification was conducted 
to demonstrate that the sensors met the contamination 
control requirements.  Finally, after the vacuum cham-
ber testing the sensors underwent dry heat microbial re-
duction to reduce unwanted microbes and meet Mars 
2020 planetary protection requirements.  The sensors 
were then calibrated for comparison with the pre-test 
data. 

 This poster will provide an overview of the afore-
mentioned MEDLI2 flight and flight spare sensor test-
ing. Details of the protoflight environmental testing and 
the planetary protection procedures will be presented, 
and results of the testing will be discussed. 


