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LLimitations of: Chemical Rockets

» Chemical rocket: exhaust ejection velocity
by the propellant-oxidizer reaction

o |Larger velocity increment of the spacecraft could be obtained
only withia flow.

« Mission . exceedingly large amount of
propellant that needs to be stored aboard



The Rocket Equation

|
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fo an
observer at speed u l

s v-u, relative to rockel




The Rocket Equation (I1)

» The rocket equation links the mass of
AM; the relative exhaust velocity u,, and the
of the spacecraft Av:

Am =M, 1—exp(—AVj
uex

 For agiven Ay, the larger u,, , the smaller AM, and viceversa

« A large 4AM requires the storage of a large amount of
propellant on board, reducing the



Advanced (Electric) Propulsion

Tthe Concept:

» [Definition - . A way to accelerate a
propellant through electro(magnetic) fields

» There s (other than the relativistic one)
to the speed to which the propellant can be accelerated

» Energy available on board Is the only.



Advanced (Electric) Propulsion (14)

Understanding what’s behind 1t:

J . more energy available, less propellant, less mass
required

J . more time allowed for a maneuver, less power
needed



Acdvanced (Electric) Propulsion: (141)

[Features:

» High exhaust speed (i.e. ), much: greater
than in conventional (chemical) rockets

» Much (much higher efficiency. in
the fuel utilization)

J . apply a smaller: thrust for a longer time

e Mission (Interplanetary. travel, defense)

» Endurance ( )



Electric Propulsion Concepts

\ariety of-designs to accelerate

IMost concepts utilize grids or electrodes:

lon Engine

Hall Thruster

RE Plasma Thrusters (ECR, VASIMR, Helicon Double [Layer)
Magnetoplasma Dynamic (MPD) Thrusters

Plasmoid Accelerated Thrusters



lon Engine
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» Scheme of a gridded Ion engine with neutralization



NASA’s Deep Space One Ion Engine



lon Engine

| Characteristic NEXT
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NASA’s Evolutionary Xenon Thruster (NEXT) at NASA’s JPL



Hall Thruster

, Magnetic
Fn = magnetic field B
~— force on P
negative charge &
carriers. -

2 = electric force
from charge

I Direction of conventional  Duildup.
electric current

The Hall effect



Hall"Thruster (I1)

Magnetic

coils Magnetic field

Insulator
channel _ A

Anode

Electrons

The Hall thruster scheme



Hall“Thruster (I11)

OUTER

MAGNETIC
ELECTROMAGNETS USED TO PoLE

EstaBLisH MAGNETIC FIELDS

(' I:J{‘f [ ( 0/ INNER
MAGNETIC
PoLE

ELECTRON
SOURCE

PROPELLANT | ©

INJECTION e

- O

ELECTRONS

TRAPPED IN
CROSSED FIELDS

ELECTRONS IMPACT

AToms 1o CREATE
loNs

lons
ELECTROSTATICALLY
ACCELERATED

The Hall thruster: the Hall effect confines electrons




Hall“Thruster (I11)

Characteristic HiVHAC

Thruster Power Range, kW
Throttle Ratio
Operating Voltage, V
Specific Impulse, s

Thrust, mN 24 —150

Thruster Alpha, kg/kW
Propellant Throughput, kg

High Voltage Hall Accelerator (HIVHAC) Thruster - Hall Thruster
(NASA Glenn R.C))



MagnetoPlasma Dynamic Thruster

Electric Propulsion and Masma Dynamics
Lab., Princeton University

- - 2 i Plasma
— . ;

exhaust

Pr opellant

L

Insulator

The MPD thruster




MagnetoRPlasma Acceleration

Superconducting Magnets

Plasma Source Antenna )
- e RF Booster

Antenna

3. Accelerate 4. Detach

The VASIMR ® concept (Ad Astra Rocket Co.)



Gas Supply

RF Power Supply

Antenna and
Matching Network

Solenoid Power
Supply

Plasma Rocket
Exhaust




Helicon Loupl:




Plasmoid Tihruster Experiment (P12X)

Spark Gap

HV Ca |:ra|::-itn::ur—"""'r ‘

Mass Injecto
Fre-ionizer

Theta Finch
Coil

PTX Schematic (NASA MSFC/U. Alabama)
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Example: ISS Electric Propulsion Boosting

ISS meeds drag compensation
Currently ISS 1s * ~ periodically
Presently (or Seyuz) perform this operation

\/ery high cost: 9000 lbs/yr propellant at $5,000/1bs =
!



