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Presenter Notes
Presentation Notes
For planetary missions one could argue that the challenge of orbit insertion at the target planetary body is as critical and potentially as fuel consumptive as launch. Aerocapture represents a fuel-free method of deceleration which significantly reduces the mass of an interplanetary spacecraft as a substantial fraction of the spacecraft mass is propellant needed for the orbit insertion. Plasma MagnetoShell Aerocapture is an innovative approach that has been studied at MSNW that would enable low-cost, low-risk aerocapture for a range of Earth-return  and deep space missions. This talk will describe the concept , its experimental demonstration as well as how it could be implemented on a future manned mars mission. 


Why Plasma MagnetoShells KA MSNW-

A Dynamic Plasma Parachute

Advantages
Magnetoshell drag >> Aerodynamic drag

Neutral-plasma >> Plasma-plasma drag

Drag can be adjusted in seconds to
changing environmental conditions by
varying PMS scale via dipole field strength

Same Delta-V savings as inflatables, but
without heating concerns

Lightweight, low-power, no need for HTSC

Challenges
Very low TRL
Testing a full-scale system will be quite Artist’s rendering showing several Plasma
challenging MagnetoShells deployed to steer and aerobrake

spacecraft in the Martian atmosphere
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As can be seen in the figure, the Plasma MagnetoShell acts like a plasma parachute. It has the advantage that, due to the much larger scale of the plasma, the MagnetoShell drag can be much greater than aerodrag from a conventional aeroshell. A major advantage to the plasma aeroshell. Is that the drag can be adjusted in a matter of seconds by simply changing the scale of the dipole magnetic field. It has the same Delta V savings as inflatables, but without any heating concern as it is only the dipole plasma that is heated from intercepting  incoming atmospheric neutrals. The plasma itself is effectively massless - less than a gram. The dipole coil and tethers do,  of course, have some mass, but far less then a solid aeroshell. The dipole magnetic fields required. ae low -  only in a few 100 gauss at most. The power requirements are thus  low and there is no need for high temperature superconducting coils. The challenges, of course, are that the system is at a very low TRL at this point, and that further testing of the full-scale system may be quite challenging. due to the large scale of the plasma. 


The Plasma MagnetoShell (PMS) Concept I MSNW-

. PMS coil system is deployed on a

tether downstream of spacecraft
Steady magnetic

e coils
0 ’«,»}
>
. These newly magnetized particles /

equilibrate in the dipole field Rotating Magnetic Field (RMF) coils with
transferring momentum to the coil and oscillating currents phased at 90°
thereby decelerate the spacecraft

. A magnetized plasma (T,;~ 10 eV) is
generated in a dipole field (B,,< 100G)

Spacecraft
. This plasma interacts with the —

incoming atmospheric neutrals
through charge-exchange and ion
collisions

Atmospheric Neutrals

The RMF (similar to an induction motor) induces
a large current in a background plasma. Fed by
incoming neutrals, this current expands, forming
. Aerobraking drag can be turned down a large, magnetized dipolar plasma.

or increased as needed.

. Plasma is sustained by thermalization
of incoming directed energy
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Presentation Notes
The PMS concept conceived, analyzed, developed, and experimentally tested  is a possible answer to the limitations of conventional aerobraking with a solid shield.  The method involves the deployment of a coil set that would produce a dipole magnetic field that is then filled with a plasma to provide the necessary impediment to the atmospheric flow past the spacecraft and thereby produce the desired drag for braking. The energy dissipation required to slow the spacecraft would be deposited directly into the plasma ions, and then by thermal equilibration, to the electrons. The energized electrons will then maintain the plasma density by ionization of the incoming neutral particle flow. The dissipation of spacecraft directed energy shows up as an increase in plasma thermal energy which is then eventually carried away by diffusion and loss  at the magnetospheric periphery in an isotropic manner. It should be noted that the Plasma MagnetoShell can extend out to distances far greater than the meter scale of the aeroshell coils making even more effective as a drag device.  


PMS Interactions with Planetary Neutrals S

Spacecraft deceleration is achieved primarily through charge exchange (CEX) interactions
between the magnetized thermal ions in the Plasma MagnetoShell with atmospheric
neutrals as this has a larger cross section than elastic collisions in most cases
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parent gases. (From McDaniel, E.W., J.B.A. Mitchell, and M.E. Rudd, (1993) Atomic Collisions: Heavy Particle
Projectiles, Wiley, New York)
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The spacecraft deceleration is achieved thru neutral-ion collisions, but primarily through charge exchange interactions between the magnetized thermal ions in the Plasma MagnetoShell and the atmospheric neutrals as this has a larger cross section as the graphs show. In the charge exchange case, the fast and directed neutrals in the atmosphere are losing an electron to the ambient ions and are thus converted into ions, but now with a large velocity component in the direction of flow. These new ions are however magnetized in the dipole field due to their newly gained charge. Their motion is deflected by the dipole field and become trapped. Their momentum is imparted to the dipole coils through the field line bending. The coils in turn convey the force to the spacecraft via the tether producing the desired drag. In the charge exchange process, the thermal ions are converted into neutrals and leave the magnetosphere with a random direction reflecting their thermal distribution prior to charge exchange. The black box picture would then show thermally cold but highly directed neutrals entering the box on one side, and warm neutrals leaving the box in all directions. The box thus experiences a large reactive force on it, the drag force.  


PMS Has Several Unique Advantages

oy MSNW-

» PMS operates at high altitude with much lower densities than braking systems thereby

avoiding risky low altitude “weather”

» The structural load on sensitive components like solar panels is kept to safe levels

» frictional heat is deposited into the plasma rather than the spacecraft which helps to

sustain the PMS.
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Candidate planetary and atmospheric data for
PMS aerobraking
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It should be noted that the plasma magnetoshell can operate at higher altitude and thus much lower densities than the traditionally conceived aerocapture systems due to the Magnetoshell’s collection radius being so much larger than the spacecraft itself. In fact, it must be so in order to minimize interference from the spacecraft on neutral particle collection. Operation in the high atmosphere is actually quite advantageous for several reasons. The frictional heat is deposited into the plasma rather than the spacecraft, which helps to sustain the PMS. The structural load on sensitive components like solar panels is kept to a safe level and it avoids risky low altitude trajectories. The plasma MagnetoShell is also a highly dynamic control surface that can be regulated through either the magnitude of the magnetic dipole field or the rate of plasma insertion into the dipole field. With the ability to modify the drag rapidly and precisely in varying atmospheric conditions, much larger braking forces can now be contemplated at low risk enabling very aggressive aerocapture maneuvers. As a result, the plasma MagnetoShell resolves the tradeoffs between current orbit insertion techniques. It offers the dynamic control of modern electric propulsion while providing the mission enabling mass and cost benefits of aerocapture. It should also be noted that the plasma MagnetoShell can be deployed as a shield against solar radiation and solar flares if need be. 


Scaling and Key Physics EIMSNW-

Collision length: The incoming neutral densities must be low enough so that charge Mg = _ <L
exchange will occur within the PMS of scale L. Dpew OCE
lon Magnetization: The magnetic field and velocity must yield magnetized CEX ions Q. B
(and source ions) with gyro-orbits less than the size of the PMS. NG Vi
Bohm confinement timescale: Unlike most astrophysical plasmas, this plasma is o 21, e
neutral collision dominated, leading to Bohm diffusion and was observed in " 3B R,
experimental testing.

-3/2
Thermal equilibrium: Thermal equilibrium controls plasma density and effective radius v_ = 2ni61T/21nA(me](kBTej
thus drag. Incoming particles result in hot ions which heat electrons. lonization cools T M J\ e

electrons, The relaxation rate between the ions and electrons is given by:

V,
Nepy = Ocex (Te)n,n, L—OAt

Plasma Density: The plasma densities must be high enough that the PMS is 0
collisional during entry, otherwise neutral particles are unimpeded. Using the empirical n =6 (T)n.n &At
cross section for charge exchange for a given atomic species and electron o REETRE L,

temperature, the charge exchange reaction rate equation can be calculated for each
radial position averaged over a chord length.
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In order to obtain a quantitative estimate as to the breaking force that a plasma MagnetoShell system of a given size can provide, one needs to understand the key physics and scaling for the concept to work as desired.  The list of parameters would include the following. Collision length: The incoming neutral densities must be low enough so that charge exchange will occur within the PMS of scale L. 
Ion Magnetization: The magnetic field and velocity must yield magnetized CEX ions (and source ions) with gyro-orbits less than the size of the PMS.	 	
Bohm confinement timescale: Unlike most astrophysical plasmas, this plasma is neutral collision dominated, leading to Bohm diffusion and was observed in experimental testing that will be discussed later. 	 	
Thermal equilibrium: Thermal equilibrium controls plasma density and effective radius thus drag. Incoming particles result in hot ions which heat electrons. Ionization cools electrons, The relaxation rate between the ions and electrons is thus an important parameter 
Plasma Density: The plasma densities must be high enough that the PMS is collisional during entry, otherwise neutral particles are unimpeded. Using the empirical cross section for charge exchange for a given atomic species and electron temperature, the charge exchange reaction rate equation can be calculated for each radial position averaged over a chord length. 
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2-D Time Dependent Model

Critical physics are the confinement and transport
Low-Beta dipole (R3) scaling is utilized

Transient model finds equilibrium plasma states
Equilibrium performance is found for all altitudes and fields

2-D Analytic Model
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Particle must stay confined for a minimum
of one-half of orbit
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In order to determine the equilibrium plasma and spatial distribution of a PMS under a given set of incoming planetary atmospheric flow conditions, a 2-D transient model was developed. This model uses a cylindrical axisymmetric approximation. This cylindrical approximation has an aspect ratio of 3 and assumes uniform chord properties. This assumption is believed to be accurate enough as the typical mean free path will likely be a large fraction of the PMS scale length as only a few collisions will happen along a given cylindrical chord. Assuming uniform azimuthal plasma conditions, the radial profiles of ion and electron densities and temperatures can be calculated. A uniform incoming neutral flow distribution is assumed.  Two more assumptions are made in the model; the plasma has little effect on the magnetic field, so a fixed magnetic field profile is assumed, and, collisional cross sections use several empirical models to determine the inter-species interaction of neutrals, ions and electrons. 
The model also uses the atomic species profile most appropriate for a given planetary atmosphere. For Earth, a Nitrogen atom is assumed. For Mars, an Argon atom, while for Neptune, Hydrogen is assumed. As the mean free path is large, a non-Maxwellian, non-equilibrium plasma condition is assumed in which the plasma ions and electrons do not automatically relax to equilibrium states and equilibrium temperature distributions. The additional equations for all the parametric relation needed to complete the analysis can be found in the paper. 


PMS Analytic Model Results Kol MSNW-

> Given sufficient time, T, equilibrates reflecting the average directed energy of the
incoming flow.

» Temperature also relaxes to a peaked profile quite quickly.

» Thermal equilibrium occurs in a few msec at the core, and the radial T profile evolves in
less than a second

> Density profile evolves on the plasma confinement timescale which can be minutes
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As the set of equations that characterize the processes in the PMS are time dependent, the time evolution of the PMS does not necessarily guaranty that there will be a stable equilibrium if the feedback from environmental conditions is not well posed. Fortunately, this was not the case. Several features of the equilibrium are as expected. First, given sufficient time, ion temperature will equilibrate reflecting the average directed energy of the incoming flow. For typical aerobraking applications, incoming neutrals have directional energies 5 to 30 eV. Electrons equilibrate to a temperature somewhat lower, depending on the specific ionization rate. Ion density will equilibrate to a fixed value based on the incoming neutral ionization rate and the diffusion rate. For incoming flow energy that is less than a typical ionization energy (12 to 20 eV) particle density will decay at the diffusion rate. When the density is sustained by limited ionization at flow energies greater than the ionization energy, significant increase in ionization occurs, resulting in an expansion of the PMS until a matching radial equilibrium condition is met in which ionization rate and diffusion rate are equal. Density distributions evolve over the time scales of the confinement time, which for these devices and typical operating conditions will be many minutes or longer


Particle-Based 2D model of Neutral o MSNW
Flow Interaction with the PMS

The drag force can be several
thousand times larger than the area
intercepted by the dipole coil itself.

Particle trajectories

These values however are only obtained with
the largest magnetic dipole fields as the rest
of the parameters that characterize the drag

scaling are determined by location and 107
velocity of the spacecraft Fprag (PMS)
Faag(Coil)
Drag force on the PMS normalized to that 21:';5%
O

intercepted by the dipole coil area. (The coil Preu" neu

thickness o is assumed to equal to 0.1r,) 0.1

10-3
103 10-2 0.1 1 10 ot

Ratio of the gyroradius based on the neutral
flow energy to that of the coil radius. r eB, 1
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While the 2D analytic model was useful for obtaining the equilibrium and optimization of the Plasma MagnetoShell,. a particle-based calculation was used to accurately measure the drag from the flow of neutral atmospheric particles. This slide shows the results from these calculations  The Y axis reflects the ratio of the drag intercepted by the plasma MagnetoShell normalized to the drag from the particles colliding with the dipole coil alone.  The ratio is also stated in terms of the variables that  determine these drag forces. The X axis is the ratio of the gyroradius based on neutral flow energy to that of the coil radius.  Th is a critical parameter as it reflects the effective magnetization of the charge exchanged atmospheric neutral.  As can be seem, the  PMS drag could be increased  to several thousand times larger than that of the dipole coil itself. These values however are obtained with the largest magnetic dipole fields as the rest of the variables that characterize the drag magnitude scaling are determined by the location and velocity of the spacecraft. The particle tracing figures inset in the figure indicate what is going on here. As one turns down the dipole field magnitude, the drag is eventually produced only by trajectories very near the coil itself. This is because the dipole magnetic field vector is primarily aligned with the flow when the dipole axis is orientated in the same direction as the flow. It is however only the transverse magnetic field component to the flow  that deflects the highly directed ions. Unlike gravity, the Lorentz force acting on theses ions is a non-central force, so that the magnetic field can only deflect the ion, not slow it down. Clearly, while a transverse (to the flow) orientation of the dipole axis  would present to the flow the largest transverse deflecting field for a given magnetic field energy, almost any significant axis tilt would significantly reduce the pass-through ions . This calculation would however require a full 3D code which was beyond the scope of this study.   


Optimized Magnetic Configuration for PMS JMSANW-

« Transverse orientation of PMS dipole (w.r.t. neutral

. . . . . 1.0m
flow) maximizes interaction cross-section

FY
v

80 Gauss
 PMS scale was controlled by magnitude of

“Outrigger” dipole field

A

“Outrigger”

. . . .. Helmholtz Coils
« An axial magnetic field as low as 10 Gauss limited

the plasma expansion and avoided contact with

vacuum chamber boundary Magnetizech
Arcjet
ERETEENNY ) LA L e ,P/H)_-A—'—)—‘—)""‘:l.
“Outriqget éﬂﬁzz%u::ziﬁ;ﬁ:::z
sV L Ll eens

60 Gauss

San

Schematic of the PMS inside cylindrical vacuum chamber.
(Images) Argon plasma created by PMS and confined by
outrigger coils at various magnetic field strengths placed
external to the vacuum chamber (red coils on schematic).

PMS system with additional “outrigger”
coils. Magnetic field line vectors reflect
plasma toroidal currents driven by RMF.
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And in addition to the transverse to the flow orientation of the dipole axis. It was found that the addition of two coaxial dipole rings at significantly larger radius from the dipole and antenna set shown in the figure can considerably enhance the plasma uniformity and density surrounding the main, inner dipole. The field requirement for these additional “outrigger coils” is quite small as the falloff in field for even the high beta dipole is still 1/r2 so the that the confining field from these coils need be no greater than that from the main dipole field at that radius. In addition, the outriggers provide for a straightforward and rapid means to change the drag force to maintain the proper deceleration in changing atmospheric conditions without attempting to accomplish this through varying the current drive input power and plasma density, which could prove to be slower and possibly more complex than desirable. This optimal version of the PMS was demonstrated in experiments as shown in the figures on the right. A Rotating Magnetic Field formed by an orthogonal pair of hoops with phased oscillating currents was  used to generate and sustain the Argon plasma seen here. The success in these experiments made this design the basis for the PMS to be employed  in the validation  tests performed in the large vacuum chamber at MSNW.  


Experimental Demonstration o MSNW-

Dipole and RF Antenna on Meth |
Boom Mounted to Thrust Stand ethodo ogy

hrust tand\ | | » Use MSNW 4m x 2m vacuum chamber
‘ / ] 4 Plasma MagnetoShel 23,000 I/s pumping to maintain
i : - Ororeiton. spacelike conditions

» Employ Argon arcjet (few % ionization)
to deliver a high velocity (~ 2 km/s)
neutral gas surrogate

» Construct a small scale (~10 cm)
dipolar magnet with Rotating Magnetic

Arcjet Injector Field (RMF) to produce a magnetized

NN
AN

Argon plasma

» Mount the coil set with a gas and
electrical feed on a boom attached to a

0.8 thrust stand

» Measure the increase in drag force

induced on the structure with and
5 m Argon propellant without the PMS operating from the
2 ms discharge Argon jet stream
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Several experimental tests were made of the PMS concept to better understand the relevant physics as well as to develop techniques for obtaining the proper plasma density and methods for sustainment. Given the optimal sizes for space, it was clear that the experimental program would have to be a subscale test. Fortunately, MSNW had a large enough vacuum chamber and pumping speed to carry out a meaningful test. It was also equipped with a thrust stand and an array of power and diagnostic feedthroughs As was previously discussed, a prototype PMS device had been shown to be a suitable a candidate PMS testing in the large chamber on a thrust stand. The subscale experimental testing presented several challenges. In order to have the CEX/collisional mean free path (mfp) to be on the order of the much smaller PMS, the plasma density must be proportionally higher. Another challenge was obtaining a suitable neutral flow at the characteristic speeds one would encounter on reentry into a planetary atmosphere. These challenges were successfully met. An arcjet was employed to produce a supersonic neutral flow with only a small ionized component. A pulsed, fast gas puff system was also employed on the arcjet as well as directly into the mini PMS In this manner the background density of  less than 10-5 Torr was maintained to prevent attenuation of the drag and maintain a collisional environment similar to what would be encountered in the upper atmospheres. The impulse from the Argon flow from the arcjet could be readily measured on the MSNW torsional thrust stand, which has been shown to be able to resolve 100 micro-Newton forces. Calibration was accomplished at atmosphere with a standard DC, weight calibration system. In vacuum, calibration is accomplished with a standardized, AFRL-calibrated cold gas thruster. The arcjet neutral flow and density were measured by a pair of langmuir probes along with a time-resolved fast ion pressure gauge.    


Thrust Stand Results Ko MSNW-

Process
1. Measure velocity from Langmuir Probe SR A
Y d : Ise f : Ised diti » Perpendicular neutral
. Measure drag impulse for various pulsed conditions area is 20 cm?

3. Redqge uncertainty with 5-10 discharge per .« Effective Plasma

condition MagnetoShell area
4. Calculate effective neutral density from jet impulse assumes circular,

: _ uniform cross section

5. Calculate effective drag force from impulse and and 100% capture

average on-time, subtracting neutral force
6. Calculate effective collection area from all measured

Operating Condition Measured Drag Effective Area Relative Drag

Plasma MagnetoShell activated with directed

arcjet-heated Argon neutral flow 220 mN 2.3 m? 1150
Directed arcjet-heated neutral flow only 190 uN 0.02 m? 1
Summary:

An Ar Plasma MagnetoShell was generated that intercepted an Ar supersonic neutral
jet, demonstrating both charge exchange, entrainment, and a >1000X increase in drag.
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The Plasma MagnetoShell was tested with Argon gas under a variety of operating and gas flow conditions. By measuring the increase in the deflection of the torsional thrust stand, the impulse could be measured. By comparing the average exposure time of the stand to the various impulses, the approximate average drag could be determined. It should be noted that displacement of the stand from operation of the electromagnetic and gas feed systems was observed to be negligible.  The Plasma MagnetoShell demonstrated a dramatic increase in effective drag over the interaction case with arcjet heated neutral flow and the PMS magnetic dipole active, but no RMF plasma. With the addition of the RMF plasma to the PMS, over a thousandfold increase in drag was observed thereby demonstrating charge exchange and neutral entrainment, as well as validating the PMS concept. 


PMS Power Requirements KA MSNW-

The RMF power, Py, needed to sustain the plasma magnetoshell in this

configuration is given by: o '
P = J' 2 qVol jo is the azimuthal current
R = | THo density from the RMF.

Flux conservation demands that B(r) ~ B,R,%/r?, so that one has for j:

. 1dB -2B,R; B, is the magnetic field at the
Jo n, dr W, i center of the dipole colil.

Substituting and integrating one has:

4n 2 4 >>R, 471: 16TCTI 2
PRMF = H—gBO RO J.RO r—4dr = QBO RO

To maximize drag force (~ r?) per unit RMF power, one wants the largest PMS
at the lowest field consistent with ion gyro-orbit constraints (i.e. r; < rpys)
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It is worth mentioning that it is possible to calculate the power requirements for the sustainment of the PMS plasma. One can calculate the power needed by looking at the azimuthal current density driven by the RMF. It is simply the integral of eta  J squared over the plasma volume. From flux conservation one can calculate the current density. Performing the integration over the PMS volume one can determine the scaling for the RMF power system. It can be seen that the power increases with the PMS radius, however the drag will increase as the radius squared. This is good news as it means that the larger the PMS, the more efficient it will be in producing drag.  


- @ MSNW-

PMS Optimization and Design

Power and Mass scaling with Summary of PMS parameters for a Neptune
length for a 250 G coil

orbiter and Mars 60t spacecraft insertion

Optimized Optimized
Configuration | Configuration

Plasma MagnetoShell Design

selehia s for Neptune for Mars
Dipole Coil Radius (material) 2m 25m
Total Dipole Coil Mass 81 kg 190 kg
Total Battery and SEP Mass 72 kg 250 kg
~ Dipole Coil Length 3.5cm 50 cm
0 Dipole Coil Width 3.5cm 1cm
0 0.1 0.2 0.3 0.4 0.5
_ Effective Aerobraking Radius 9m 21 m
Coil length 1, (m)

_ _ Total Mass with 30% margin 210 kg 690 kg

Data is for copper and steady heating. Equivalent Aeroshell Weight 885 kg ~20,000 kg

Red — 1 m Diam. 0.25 m thick;
Black - 0.5D, 0.1 m t;
Green—-1mD, 0.1 mt;
Blue-0.5mD, 0.1 mt.
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A fair amount of effort was expended in examining  the scaling and optimization of the plasma MagnetoShell component hardware. For example, the scaling dependencies for both electrical power and magnet mass are shown for the generation of a 250 Gauss dipole coil in the figure on the left. To perform the optimization requires knowledge of the orbital trajectory, the analysis of which was carried out for two missions: a Neptune orbiter and a manned Mars orbital insertion. The complete system design of both missions including PMS coil, tether, power processing, and battery mass were scaled and specified. The orbital simulation code Copernicus was used to determine optimal trajectory as well as optimize the magneto shell size as a function of altitude. The results for several key PMS elements is shown on the right for the two cases.


Comparison of Experiment and KA MSNW-
Requirements for Manned Mars Insertion

Parameter Mars Insertion | Experiment
Velocity 7000 m/s 700 m/s
Incoming Mass 44 amu 40 amu
Neutral Density 118 m3 3e18 m3
Peak Field 100 Gauss 300 Gauss
Edge Field 0.04 Gauss 3 Gauss
PMS Outer Radius 50 m 1m
Dynamic Pressure 1 N/m2 0.05 N/m2
Deceleration Force 15 kN 0.15N
lon Temperature 15 eV 10 eV
Stored Field Energy 150 J 1J
RF Power/Energy 25 kW 4J

/7 ce 0.02 0.01

/R, 0.02 0.3
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It is also worth mentioning at this point how the experiment compares to the actual requirements for a manned Mars insertion. That is shown in this table. As can be seen,  several of the parameters achieved in the experiments are quite similar to what would be needed for the manned Mars insertion. Of course, due to the large difference in size,  parameters such as radius, dynamic pressure, deceleration force will be quite different.  It can be seen that the power requirements are still quire reasonable, and miniscule compared to what would be required for braking with conventional thrusters. 


PMS Manned Mars Mission Orbit Analysis < MSNW-

Optimal Mars insertion into Martian atmosphere based on Copernicus
calculation and PMS optimized parameters.
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The results from the Copernicus calculation of the Martian aerocapture are shown here  for a 60 ton spacecraft inserted via a simple Hohmann transfer. The atmospheric model used came from the standard Mars atmospheric climate database version 5.0.  An at the outset a large Plasma MagnetoShell is required to perform the initial insertion and capture. In this simulation, a 10-meter radius PMS is employed. The initial capture is performed over the course of five minutes followed by a long coast period of 8 days between aerobraking maneuvers. This allows for recalculation of orbital trajectories and adjusting for the dynamic atmosphere. An 18 orbit aerobraking maneuver is then performed to circularize and lower the Mars orbit. The results for the Martian orbital braking maneuver on the right indicate a peak braking deceleration of 0.6 g’s with a dynamic pressure of 130 N/m2.  The calculated ion temperature for this braking maneuver is also shown.


PMS Aerocapture Has Huge Mission
Mass, Time, and Cost Benefits

Lower Mass — 1 MT of PMS hardware replaces 20 MT of
heatshields

Controllable — Can be adjusted dynamically to meet
atmospheric conditions

Magnetic — Capable of high velocity entry well beyond any
physical heatshield

Compatible — Easily integrated with existing propulsive and
entry technologies for infusion
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In conclusion then, it has been shown that the Plasma MagnetoShell aerocapture concept holds great promise for providing huge mission mass, time and cost savings. It would reduce hardware mass by over an order of magnitude from conventional aerocapture structures. The drag is controllable in real time allowing for much more aggressive braking maneuvers. With no spacecraft or aeroshell heating concerns it can come in “hot” thereby saving transit time as well as fuel.  As a non-interfering add-on, it can be easily integrated with existing spacecraft as well as other entry technologies.
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