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Introduction: e = esa
Electric Propulsion Fndedy e e o =

A In general, Electric Propulsion (EP) encompasses any propulsion technology in which electricity is used to produce thrust .

A Electrical energy is used to ionize the propellant (gas, liquid, solid) and accelerate the resulting ions/plasma to very high
exhaust velocities (10-40km/s )

A Electric Propulsion is very fuel efficient, but much lower thrust levels achievable than for chemical propulsion .
A Depending on the process used to accelerate the propellant, electric propulsion thrusters fall into three main categories .

-Electrothermal
‘Resistojets*
‘Arcjets*®

-Electrostatic
*Gridded Ion Engines (GIE)*
Colloid
*Field Emission Electric Propulsion (FEEP)

-Electromagnetic
‘Hall Effect Thruster (HET)*
‘High Efficiency Multistage Plasma Thruster (HEMPT)*
*Pulsed Plasma Thrusters
*Magneto Plasma Dynamic Thrusters

+ 2 2 2
ESA UNCLASSIFIED Applicable for GEO satellite propulsion

|

— Il bz W = "Il D - == 011 T =2 g2 mm Ivl European Space Agency




Introduction:
History of Electric Propulsion

A First uses of electric propulsion in space in early 1960 6 :s OPERATIONAL SATELLITES

Lkt S AEROJET
WITH ELECTRIC PROPULSION RO CIE T

Increasing number of EP systems flown )
late -1970 6 sonwards (resistojets , arcjets ,
ion thrusters, hall effect thrusters)
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".‘ July 1964

lon Thruster

A Station -Keeping
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Pulsed Plasma Thruster TR, ‘
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A Interplanetary transfer
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Introduction:
Electric Propulsion Systems

Propellant Storage
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Electrothermal Thrusters:
Resistojets / Arcjets

preheat /thermal insulation

propellant %« (‘\ /." channels
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SITAEL (IT)

A Resistojets are electrothermal
propellant is heated by passing through a resistively
heated chamber or over a resistively heated
element before entering a downstream nozzle.

A The increase in exhaust velocity is due to
thermal heating of the propellant, which
specific impulse to low levels (< 500 s).

devices in which the

the
limits the

A Resistojets are relatively simple devices and can be
used as auxiliary propulsion on satellites .
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Nozzle anode

ivergent section

Throat

IRS (DE)

A The amount of energy added to the flow in a

resistojet is limited by the maximum working
temperature of the heating element .

A In an Arcjet thruster, an electrical discharge
(arc) is generated within the flow between a
cathode and anode. This imparts additional
energy to the propellant flow, and therefore,
higher specific impulse is  achievable

compared to resistojets
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Electrostatic Thrusters:
Gridded lon Engines (GIE) e el

A Gridded lon Engines comprise three main processes :-
A Generation of a plasma discharge via ionization of propellant by electron bombardment

A Extraction of ions and subsequent acceleration to very high velocities across potentials of few kV applied between
multi -aperture grids (electrodes)

A Space-charge neutralization of the ion beam using an external electron source (cathode )
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Electrostatic Thrusters:
Gridded lon Engines (GIE) e el

A The plasma discharge in GIEs can be achieved by a number of methods :

esa

m
.
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A Direct electron bombardment, whereby energetic electrons are emitted from an internal cathode inside the
discharge chamber to ionize neutral particles . [Kaufman GIEs, e.g. QinetiQ T6 thruster]

A Power coupling via radio -frequency energy or microwaves to excite electrons within the discharge chamber and
maintain a plasma discharge . [Radio -frequency lon Thruster (RIT), e.g. Ariane Group RIT-10 thruster]
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Electrostatic Thrusters:
Field Emission Electric Propulsion (FEEP)

FEEP is an electrostatic type thruster :

Y thrust is generated by ions accelerated by electric
fields at high exhaust velocities ;

Y electrons need to be emitted downstream in the
same quantity for charge balancing .
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Electromagnetic Thrusters:
Hall Effect Thruster (HET)

A Neutral gas supplied to hollow cathode and fed through
anode at base of discharge chamber .

Duter Winding

A Potential difference applied between cathode and anode .

Channel heating ~ B€am divergence

. . . . . Baseplate 3
A Electromagnets generate radial magnetic field in discharge g S i
Q; o q A Anode (300v) =
channel . K o
A Electrons are magnetized ; follow field lines and enter — \\
discharge channel towards anode . . T/
A E x B field causes azimuthal drift of electrons around axis of
thruster A circulating hall current . Second flow —Nhode heating
A As neutrals diffuse into discharge channel, they are ionized \f‘ =
. (=
by high energy electrons . 3
. . . lonisation E
A The more massive ions are not magnetized and are Anode rate == Non-uniformity of E
accelerated out of the discharge channel by the electric P = speed of fons 8
field . :

A Equivalent number of electrons emitted by cathode
A space charge neutral plasma plume

Trajectories of ions
——— Equipotentials ®5 L
----- Magnetic field lines
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Electromagnetic Thrusters:
High Efficiency Multistage Plasma Thruster FidedbtheErspesn s
(HEMPT)

Masma Potential along thruster axis (sketch)

N\

ESA UNCLASSIFIED - For Official Use

— 0l b 2= ™ LW = T Il D D R e B3I EEEE i ¥ European Space Agency



