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This paper will present a parametric analysis for entry, descent, and landing (EDL) concepts, enabling rapid systems assessment and tradespace exploration. The entry system uses a hypersonic inflatable aerodynamic decelerator (HIAD) technology. The baseline system includes elements for Mars aerocapture (AC) and EDL segments of the mission. 
The mission concept of operations (ConOps) begins at Mars arrival in a polar inclination. After performing an aerocapture (AC) maneuver into a pre-defined Mars parking orbit, the AC HIAD is jettisoned. The rest of the vehicle stays in the parking orbit for up to one year. The EDL sequence starts with a deorbit burn at the apoapsis of the parking orbit. After hypersonic entry with the EDL HIAD, the entry system uses a supersonic retropropulsion maneuver to slow the vehicle for the descent and landing segments of the mission. The vehicle will maintain a constant velocity of 2.5 m/s for 5 seconds prior to landing.
The system includes a Mars Ascent Vehicle (MAV), Mars Descent Module (MDM), and two HIADs. The MDM includes a primary structure, tanks, engines, and radiators. The primary structure is an aluminum-lithium (Al-Li) cruciform design similar to the structural design of the Apollo Lunar Module. The cruciform planform layout results in four outer bays, with adequate volume in the corners between outer bays to package four landing gears. The central bay is reserved for packaging the MAV and the recessed MAV engines. Two of the outer bays accommodate main propellant tanks, with one LOX and one CH4 tank in each bay. The two remaining outer bays each house four rocket engine systems and associated support structure. 
Each HIAD comprises an inflatable structure, flexible thermal protection system, gas, and gas generators. The HIAD design used in this study is a stacked-toroid concept with pairing loop straps and radial/chevron straps. 
The baseline system lands a 20-t payload on the Mars surface. It is assumed the vehicle arrives at 6.2 km/s relative velocity at 90° inclination and is captured to a 1-Sol parking orbit.
The baseline design includes many assumptions such as margins, arrival state, ConOps options, parking orbit, physical dimensions, propellant options, and technology concepts. The impact of these parameters are quantified through systems-level sensitivity analyses, which capture the global impact—not at a component level—but at the systems level. The systems-level sensitivities expose major design drivers and importance of each assumption for a design.
[bookmark: _GoBack]Through tradespace exploration, a wide range of systems parameters are examined and compared for several feasible design options. Studies have been completed for the following input parameters: payload mass, propellant options, AC/EDL ballistic coefficient, lander thrust to weight ratio (T/W) (surrogate for the maximum EDL g’s), engine specific impulse (Isp), parking orbit, and inclination.
The final paper will present and discuss the parametric approach used in the study. It will also include the results of recent systems analyses, sensitivity analyses, and tradespace exploration.

Parametric Studies of Human Mars Entry


, Descent, and Landing


 


Systems


 


Jamshid Samareh


 


 


Th


is paper will 


present a


 


parametric 


analysis


 


for


 


entry, des


cent, and landing (EDL) concept


s, enabling 


rapid


 


sys-


tems 


assessment


 


and tradespace exploration


. The 


entry 


system uses 


a


 


hypersonic inflatable aerodynamic decelerator


 


(HIAD)


 


technology


. The baseline system includes elements for Mars a


erocapture


 


(AC)


 


and 


EDL 


segments of the 


mission. 


 


The 


mission


 


concept of operation


s


 


(ConOps) 


begin


s


 


at Mars arrival 


in a polar inclination


. 


After 


perform


ing 


an


 


aerocapture (


AC


)


 


maneuver into a


 


pre


-


defined


 


Mars parking orbit


,


 


the 


AC


 


HIAD is jettisoned. The rest of the vehicle 


stay


s


 


in 


the parking 


orbit for up to one year. 


The 


EDL sequence starts with a deorbit burn at the apoapsis of the parking 


orbit. After hypersonic entry with the EDL HIAD, the entry system uses a supersonic retro


propulsion 


maneuver 


to 


slow the vehicle for 


the 


descent and landing


 


segments of the mission


. The vehicle 


will


 


maintain a constant velocity of 


2.5 m/s for 5 seconds prior to landing.


 


The system 


includes


 


a 


Mars 


A


scent 


V


ehicle


 


(MAV)


, 


Mars Descent Module


 


(MDM)


,


 


and two HIADs.


 


The MDM 


includes 


a 


primary structure, tanks, engines, and radiators. 


The primary structure is


 


an aluminum


-


lithium (Al


-


Li) cru-


ciform design similar to the structural design of the Apollo Lunar Module. The cruciform planform layout results i


n 


four


 


outer bays, with 


adequate 


volume in the corners between outer bays to package 


four 


landing gear


s


. The central 


bay is reserved for packaging the MAV and the recessed MAV engines. Two of the outer bays 


accommodate 


main 


propellant tanks, with one LOX a


nd one CH4 tank in each bay. The two remaining outer bays each 


house


 


four rocket 


engine systems and associated support structure. 


 


Each


 


HIAD 


comprises


 


an


 


inflatable structure, flex


ible thermal protection system


, gas, and gas generators. The 


HIAD design use


d in this study is a stacked


-


toroid concept with pairing loop straps and radial/chevron straps. 


 


T


he baseline system 


lands


 


a 20


-


t 


payload on 


the 


Mars surface. 


It is assumed 


th


e 


vehicle arrives at 6.2 km/s relative 


velocity at 90° inclination and 


is 


capture


d


 


to 


a 


1


-


Sol parking orbit.


 


The baseline 


design


 


includes many assumptions such as margins, arrival state, ConOps options, parking orbit, 


physical dimensions, 


propellant options, 


and technology concepts. The impact 


of these parameters are 


quantified


 


through


 


system


s


-


level sensitivity analys


e


s


, which 


capture the


 


global


 


impact


—


not at a component level


—


bu


t at the 


systems level. 


The s


ystems


-


level 


sensitivities


 


expose major design drivers and importance of each assumption for a 


design.


 


T


h


rough


 


tradespace 


exploration,


 


a wide range of system


s


 


parameters 


are examined 


and compare


d for


 


several


 


fea-


sible design options


. 


S


tudies 


have been 


completed


 


for the following input parameters: payload mass, 


propellant op-


tions, 


AC/EDL ballistic coefficient, lander thrust to 


weight ratio (T/W) (surrogate for the maximum EDL g’s), engine 


specific impulse (Isp), parking orbit


, and 


inclination.


 


The 


final paper 


will 


present and discuss


 


the parametric approach


 


used in the study. It will also include the 


results 


of recent systems


 


an


alyses,


 


sensitivity 


analyses,


 


and 


tradespace 


exploration


.


 




Parametric Studies of Human Mars Entry , Descent, and Landing   Systems   Jamshid Samareh     Th is paper will  present a   parametric  analysis   for   entry, des cent, and landing (EDL) concept s, enabling  rapid   sys- tems  assessment   and tradespace exploration . The  entry  system uses  a   hypersonic inflatable aerodynamic decelerator   (HIAD)   technology . The baseline system includes elements for Mars a erocapture   (AC)   and  EDL  segments of the  mission.    The  mission   concept of operation s   (ConOps)  begin s   at Mars arrival  in a polar inclination .  After  perform ing  an   aerocapture ( AC )   maneuver into a   pre - defined   Mars parking orbit ,   the  AC   HIAD is jettisoned. The rest of the vehicle  stay s   in  the parking  orbit for up to one year.  The  EDL sequence starts with a deorbit burn at the apoapsis of the parking  orbit. After hypersonic entry with the EDL HIAD, the entry system uses a supersonic retro propulsion  maneuver  to  slow the vehicle for  the  descent and landing   segments of the mission . The vehicle  will   maintain a constant velocity of  2.5 m/s for 5 seconds prior to landing.   The system  includes   a  Mars  A scent  V ehicle   (MAV) ,  Mars Descent Module   (MDM) ,   and two HIADs.   The MDM  includes  a  primary structure, tanks, engines, and radiators.  The primary structure is   an aluminum - lithium (Al - Li) cru- ciform design similar to the structural design of the Apollo Lunar Module. The cruciform planform layout results i n  four   outer bays, with  adequate  volume in the corners between outer bays to package  four  landing gear s . The central  bay is reserved for packaging the MAV and the recessed MAV engines. Two of the outer bays  accommodate  main  propellant tanks, with one LOX a nd one CH4 tank in each bay. The two remaining outer bays each  house   four rocket  engine systems and associated support structure.    Each   HIAD  comprises   an   inflatable structure, flex ible thermal protection system , gas, and gas generators. The  HIAD design use d in this study is a stacked - toroid concept with pairing loop straps and radial/chevron straps.    T he baseline system  lands   a 20 - t  payload on  the  Mars surface.  It is assumed  th e  vehicle arrives at 6.2 km/s relative  velocity at 90° inclination and  is  capture d   to  a  1 - Sol parking orbit.   The baseline  design   includes many assumptions such as margins, arrival state, ConOps options, parking orbit,  physical dimensions,  propellant options,  and technology concepts. The impact  of these parameters are  quantified   through   system s - level sensitivity analys e s , which  capture the   global   impact — not at a component level — bu t at the  systems level.  The s ystems - level  sensitivities   expose major design drivers and importance of each assumption for a  design.   T h rough   tradespace  exploration,   a wide range of system s   parameters  are examined  and compare d for   several   fea- sible design options .  S tudies  have been  completed   for the following input parameters: payload mass,  propellant op- tions,  AC/EDL ballistic coefficient, lander thrust to  weight ratio (T/W) (surrogate for the maximum EDL g’s), engine  specific impulse (Isp), parking orbit , and  inclination.   The  final paper  will  present and discuss   the parametric approach   used in the study. It will also include the  results  of recent systems   an alyses,   sensitivity  analyses,   and  tradespace  exploration .  

