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Outline

Å Electric Propulsion: A brief introduction and history

Å Mission Applications & Future Trends

- Telecommunications

- Science & Exploration

Å Interested in Electric Propulsion?

- Skills & roles in EP

- My career path

- Recommendations/Opportunities for the Next Generation of EP Engineers 

Å Questions & Answers
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Chemical Propulsion vs Electric Propulsion

Å How does Electric Propulsion compare with Chemical Propulsion?
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Chemical propulsion fundamentally relies on the nozzle expansion of a gas:

Considering 1-D isentropic compressible flow:

Max. exhaust velocity

(into vacuum)

R0 = universal gas constant TC = chamber (stagnation) temperature

g= specific heat ratio ɀ= molecular weight

Effective exhaust velocity < 5 kms-1

Specific Impulse < 500 s

Chemical propulsion systems are considered energy limited

To increase performance further requires a means to accelerate propellant 

that does not rely on the energy stored within the propellant
g0 = 9.80665 m/s2

Initial mass including propellant, m0
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Electric Propulsion: Overview

Å In general, Electric Propulsion encompasses any propulsion technology in which electrical energy is used to produce thrust.

Å 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)

Å Electric Propulsion is very fuel efficient, but much lower thrust levels (mN) are achievable than for chemical propulsion.

Å 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)

Hall Effect Thrusters (HET)

Colloid

Field Emission Electric Propulsion (FEEP)

- Electromagnetic

Pulsed Plasma Thruster (PPT)

Magneto Plasma Dynamic Thrusters (MPD)
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Electric Propulsion: History

Å First use of electric propulsion in space was in the early 1960s:

Increasing number of EP systems flown from the late -
1970 ôsonwards ( resistojets , arcjets , ion thrusters,
hall effect thrusters) .

BepiColombo (ESA)

ARTEMIS (ESA)

GOCE (ESA)

ÅStation -Keeping

(NSSK, EWSK)

ÅOrbit Raising

ÅDe-orbiting

SERT-1 (US)
July 1964
Ion Thruster

ZOND -2 (Soviet Union)
Nov 1964
Pulsed Plasma Thruster

Å Interplanetary transfer

ÅDrag -compensation

Starlink Constellation (2018)
First Krypton based HET 
subsystem flown

Starlink (SpaceX )
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Å The two most widely adopted EP thrusters are Hall Effect Thrusters (HET) and Gridded Ion Engines (GIE). Between them 

they provide performances matching a wide range of applications.

Electric Propulsion: Ion Thrusters

Characteristic
Hall Effect 
Thruster

Gridded Ion 
Engine

Comment

Specific Power 18W/ mN 25 -35W/ mN
Lower number represents improved Orbit 
Transfer durations for a given power ceiling 

Thruster Efficiency 50% 70%
Higher number tends to reduce thermal interface 

demands for a given power ceiling 

Specific Impulse 1500 -2500s 2500 -4500s
Higher number represents wet mass saving / higher 

payload fraction 

Operating Voltage 300 -400V 1000 -2000V
Linked to specific impulse, higher voltages are 
more challenging for power supply design.

PPU Specific Mass 5kg/kW 10kg/kW
Higher number represents increased EP system dry 

mass penalty 

Plume Divergence 45 ° 15 °

Lower number reduces complications of thruster beam 

interaction with spacecraft appendages (solar arrays, 

antennas, deployable radiators etc.) 

Throttle Range 2:1 10:1

20:1 demonstrated on GOCE (QinetiQ T5)

Higher ratio useful for power limited missions (MP-R)
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Mission Applications: Telecommunication Spacecraft

Å Operational Station Keeping

Å Orbit Raising

Å All-Electric Platforms (EOR & STK)

- In 2004, Intelsat 10-02 became the first European developed telecom satellite using EP for STK.

- Since then several satellites have been built in Europe that feature (Russian) SPT-100 thrusters.

- In July 2013, AlphaSat became the first European developed telecom satellite using four SAFRAN 

PPS-1350G HETs for NSSK.

- On telecom satellites, orbit raising to GEO has traditionally been achieved using chemical 

propulsion in a few days but consumes propellant that amounts to ~40% of the s/c mass. Using EP, 

orbit raising takes longer (months) but can reduce the propellant consumption drastically, increasing 

the useful dry mass fraction and reducing launch cost.

- Boeing (US) was the first satellite manufacturer to introduce partial EP orbit raising (orbit topping) 

on the 702HP platform.

- In 2015, the Boeing built Eutelsat 115 and ABS 3A platforms became the first all-electric 

commercial satellites demonstrating Electric Orbit Raising.

- Today, all 3 of the main European Large System Integrators (Airbus Defense & Space, Thales 

Alenia Space, OHB) are developing all-electric commercial satellites.

- HET-based EP subsystems are currently the preferred choice by European LSIs for full-EP 

platforms.

(ESA)

(ESA)

(ESA)
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Future Trends: Large Constellations

Å Renewed market interest in LEO/MEO constellations

- propulsion for orbit acquisition, maintenance and de-orbiting

Å LEO: micro- to mini-satellites, power for propulsion up to 300W

Target price for propulsion subsystems ~30kú - 100kú

100 ï500 units per year (excl. mega-constellations of 1000s)

Å LEO/MEO: small to medium satellites, approx. 500W ï2kW

Target price for propulsion subsystems ~100kú - 500kú 

100 ï300 units per year

Å Critical: end-of-life disposal strategy >> reliability

Å Challenges:

- Fast innovation and strong competitiveness

- Drastic reduction of manufacturing costs

- Standardisation of EP testing

- IOD of novel propulsion technologies

Starlink (SpaceX ) up to 12,000 spacecraft (possible up to 42,000)

OneWeb > 700 spacecraft

Others ICEYE, GalaxySpace , Amazon (Kuiper)
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Mission Applications: Science & Exploration

ESA: Launch Date: Target:

SMART-1 27 September 2003 Moon

GOCE 17 March 2007 Earth

BepiColombo 20 October 2018 Mercury

SMART-1: 1st ESA Small Mission for Advanced Research in Technology

Preparation of enabling technology for future planetary missions.

Validation of the Solar Electric Primary

Propulsion engine (Hall Effect PPS-1350),

dedicated S/C and EP S/S design and

GNC/flight dynamics approach.

In-flight monitoring of the EP

environment with diagnostics

package.
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Mission Applications: Science & Exploration

ESA: Launch Date: Target:

SMART-1 27 September 2003 Moon

GOCE 17 March 2007 Earth

BepiColombo 20 October 2018 Mercury

EP was enabling for ESAôsGOCE mission

(Gravity field and steady-state Ocean Circulation Explorer).

After nearly tripling its planned mission lifetime, GOCE completed

its mission in 2013. Primary thruster was operated for ~36,000 hrs.

QinetiQ T5 GIE 
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