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To the Reader 
 
This document serves as the preliminary design review imposed on L’SPACE Team 5 at the 
NASA L’SPACE Academy Level 1 during the Fall of 2018 for the development and operation 
of [name of mission]. It serves as the official paper of the [name of mission] mission and 
contains the evolution of the project, descent and lander criteria, payload criteria, plan of 
action, any changes made throughout the project process as well as the current mission 
standing.  
 
This is a student project, and should not be treated as an actual mission. The reason behind 
this review is to gain InSight [shameless plug] on mission development and requirements to 
actual NASA missions. This academy was developed by NASA employees and lead by Sheri 
Boonstra, Dan Garcia et al. This paper was created by the first group of students in this new 
program.  
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Document Revision History 
 

Revision Date  Sections Changed 

1 30 Nov 2018 Baseline 

2 Date 1. *will not be revised until Spring 
2019 
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1.0 Summary of PDR Report 

1.1 Team Summary 
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1.2 Descent and Lander Summary 

1.2.1 Earth Prototype 
Our design process started with the constraint of only having mechanical functions. As 
such,we knew we must harness the force of gravity as our work mechanism. To accomplish 
this we plan to deploy a parachute from the top of the Cubesat and utilize the tension forces 
created by the decelerating effects of the parachute to a string attached to each landing leg. 
 
The landing legs are mounted on axles and the upward pulling force of the parachute 
translates into rotational force on the landing legs, deploying them outside the vehicle. This 
method of combining the two systems into one process saved on weight and simplified the 
overall design by using the excess work from the parachute to deploy the landing mechanism. 
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1.2.2 Mars Prototype 
Our design process for the Mars lander was to use proven methods from previous NASA 
missions as our basic mechanics. These included the PICA-X carbon fiber heat shield and the 
nylon, kevlar and Technora blended material for the construction of the descent vehicle. 

1.3 Payload Summary 
Argus 1000 Infrared Spectrometer - Space Grade Version + Kit 
RAD6000 single onboard computer by IBM 
Thermal Control System 
Lithium Ion Batteries 

1.4 Scientific Objective 
To determine or rule out possible compositions of the seasonal flows called Recurring Slope 
Lineae (RSL) on the surface of Mars. 
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2.0 Change Log 
 

2.1 Descent and Lander Changes 

2.1.1 Original Concept 
Our original design consisted of a four spring landing mechanism which was deployed 

by the forces of the parachute through a string attachment and a release plate. The parachute 
was deployed by the weight of the body pulling away from the lid of the cube and releasing 
the parachute from the open top. 

 
We also considered a compressed air canister being released through the force of the 
parachute that would inflate a balloon at each corner to create the landing mechanism. We 
abandoned this idea because we did not think that the tension of the parachute would be 
great enough to release the compressed air. 
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The dark blue mechanism part in the above right GIF would initially be rested in a downwards 
position where the clasp is closed. The parachute is attached to this blue part and once 
deployed would pull up on the mechanism and release the clasp, resulting in the spring 
mechanism to be released and the righting-leg to be deployed out the side.  
The scientific package would primarily rest in a weighted gimbal so that the instrumentation 
would be oriented upright no matter how the vehicle might land. Shock absorbers that would 
propel from all sides (see the figure below) were considered so that the vehicle could land in 
whichever orientation without the need for a self-righting mechanism. A gimbal creates 
complications, however, due to the need to wire the instrumentation to heaters attached to the 
inside of the descent vehicle walls. A design that would require a gimbal was too complicated 
a design process for the little manpower and time we had to allocate towards this project and 
was thus dropped.  

 
Source: https://grabcad.com/library/sock-absorbing-dashpot-and-spring-1 

 

2.1.2 Second Design 
We moved away from the spring landing mechanism due to its complexity and chance 

of rebounding off the ground upon landing, which could endanger mission safety. We then 
moved to a leg that slid out of the bottom through a pulley and a slide track system driven by 
the pulling of the string by the parachute. This design proved too intricate to be reliable or cost 
effective inside of our twenty dollar budget. 

 

https://grabcad.com/library/sock-absorbing-dashpot-and-spring-1
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We decided to design a leg that would rotate out from the bottom of the cube using the force 
of the parachute. The base of the legs will be the outside casing of the Cubesat and will be 
deployed through a swing arm that attaches the leg base to a mounted axle inside that is 
rotated through the rising of the parachute string. 

We further enhanced this design by deploying the legs outward at a one hundred and thirty 
degree angle from its original position. We also incorporated a central ring for organizational 
help with the strings inside and to assist in centralizing the pulling force of the parachute and 
distributing it evenly to each leg. 
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2.2 Science Package Changes 

2.2.1 Scientific Objective/Instrumentation 
1. We first contemplated tardigrade re-animation kits, but bringing anything biological to 

Mars is against NASA’s Policy Directive against biological contamination [(NPD) 
8020.7G] so this scientific objective was dropped. 

2. We explored the possibility of looking for life where magnetic fields still exist on the 
surface, as this may be one of the last areas life could have survived if it ever was ever 
present on Mars. Magnetometers were researched but found to be impractical as the 
magnetic field of Mars has been mapped out with accuracy. 

3. Detecting localized surface emissivity and surface thermal inertia were researched but 
were found to be impractical for relevant research due to technology already being 
sufficient in existing Mars orbiters. 

4. We looked into ramen spectroscopy to search for biosignatures. Not having a 
chemistry student on our team made this instrument hard for us as we did not 
understand its uses well. We could not find any molecule we could say was definitely a 
detectable biosignature because of this.  

5. Any radar-based instrumentation was found to be not viable due to  the scope and 
requirements of the project being too small for anything of relevant enough power. 

6. We were going to use a gas chromatograph to look for possible gases expelled by 
possible life, but no gas chromatograph would fit the payload restrictions within a 
reasonable budget. 

7. Catalytic and infrared gas detectors were researched but found to be impractical for 
numerous reasons. Catalytic Detectors are easily contaminated and would need 
shielding and a heavily controlled environment in order to meet scientific requirements. 
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A Catalytic detector would only be able to test for a single gas, reducing the versatility 
that the project may be able to have if other instruments were used instead. Infrared 
gas detectors require a large amount of the required gas to be tested in order to work, 
and was deemed not viable due to the uncertainty of such concentrations in any 
possible landing sites. 

8. We looked into a polarimeter. When there is life, one enantiomer would be favored over 
the other, whereas a 50/50 racemic mixture would suggest the absence of life. We 
could not find an instrument to fit the physical boundaries of our payload carrier, so this 
scientific objective was dropped. 

9. Methane detection was a primary scientific objective in our research. Halites are 
thought to play a possible role in methane sequestration on Mars; carbonaceous 
material could trap Methane in halite deposits but released via aqueous alteration, 
aeolian abrasion, heating, or impact shock. This scientific objective was scrapped upon 
consultation with the L’SPACE mentors. Methane detection was too impractical for the 
technology and scope of the project requirements given. 

10.Our current scientific objective is to look for signs of water and organics in recurring 
slope lineae (RSL). We believe that a laser infrared spectrometer is the instrument that 
can answer our scientific objective. 

 

2.2.2 Landing Site 
1. Starting this project, we weren’t completely sure what we were trying to do, so we 

initially started with the Newton crater due to its high amount of pyroxene and possible 
lava tubes, we first decided against it because of the low magnetic field in the area and 
the draw to more diverse landing site options. 

2. Next, we looked to Horowitz to be our landing spot, it had more information available, 
and seemed to be in an easier spot to land, after some more research, though, we 
decided that since it was such a recently created crater it probably wouldn’t have a lot 
of the materials we were looking for since they were likely blown out on impact. 

3. Next we focused on Noctis Labyrinthus because we thought it to be likely that we find 
microbes there that might be useful to us. It had a spot with a moderate 
magnetosphere which was of interest to us and our initial scientific objective of finding 
a place where the Martian magnetosphere was still strong in order to determine if there 
were any differences in soil or other compositions. “A depression in Noctis Labyrinthus 
has some of the greatest mineralogical diversity yet observed on Mars” [Weitz et al., 
2011] and would provide an interesting place to inspect with instrumentation. The area 
was close to the equator and had hot spots from landslides occurring over time on the 
slopes. The area shows many signs of having a large amount of pre-existing volcanic 

 

https://www.hou.usra.edu/meetings/explorationzone2015/pdf/1039.pdf
https://www.hou.usra.edu/meetings/explorationzone2015/pdf/1039.pdf
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2011JE004028#jgre3040-bib-0108
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2011JE004028#jgre3040-bib-0108
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2011JE004028#jgre3040-bib-0108
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or geothermal activity. There are many depressions and other areas which are 
characteristic of water having been present.  

4. We also considered Arabia Terra, Elysium Planum, and Arcadia-Memnonia as they 
were seen to contain some of the highest methane concentrations detected on Mars. 
These landing sites were discarded once we changed our scientific objective from 
detecting methane to determining the composition of Recurring Slope Lineae.  

 
Source: https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2011JE004028 

 

 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2011JE004028
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Fog from noctis was an interesting characteristic that went into consideration when 

determining our scientific objective and instrumentation.  
 

5. After much deliberation, we finally decided to focus on Recurring Slope Lineae on Mars 
which made us look back to Newton. Newton might be the only evidence of flowing 
water on mars, and seems to have evidence that it might still be active.  

3.0 Descent and Lander Criteria 

3.1 Selection, Design, and Verification of Mechanical Descent and 
Lander Mechanism 

3.1.1 Mission Statement 

To form a cohesive team, where all opinions and ideas are valued, while advancing the 
scientific body of knowledge through successful design, testing, and deployment on Mars. 

3.1.2 Requirements 

Non-Functional Requirements 
 

 


