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Source: NASA/JWST

Learning Outcomes

By the end of this lecture you should be familiar 

with…

- Different type of propulsion systems

- What are the impact on the spacecraft

- How to dimension the Propulsion system

Content source

Chapters 1 & 19 in “Spacecraft Systems Engineering” by 
Fortescue, Stark, & Swinerd

Chapter 18 in “Space Mission Engineering: the New 
SMAD” by Wertz, Everett, and Puschell

The content is adapted from the slides from Muriel 

Richard teaching this class from 2010 to 2019

https://epfl.swisscovery.slsp.ch/discovery/fulldisplay?docid=alma990101338630205516&context=L&vid=41SLSP_EPF:prod&lang=en&search_scope=MyInst_and_CI&adaptor=Local%20Search%20Engine&tab=41SLSP_EPF_MyInst_and_CI&query=any%2Ccontains%2CSpace%20Mission%20Engineering%3A%20the%20New%20SMAD&facet=rtype%2Cexclude%2Creviews%2Clk
https://epfl.swisscovery.slsp.ch/discovery/fulldisplay?docid=alma990101338630205516&context=L&vid=41SLSP_EPF:prod&lang=en&search_scope=MyInst_and_CI&adaptor=Local%20Search%20Engine&tab=41SLSP_EPF_MyInst_and_CI&query=any%2Ccontains%2CSpace%20Mission%20Engineering%3A%20the%20New%20SMAD&facet=rtype%2Cexclude%2Creviews%2Clk
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The Space Mission Engineering Process

How Does a Space Project Start? 



Propulsion System Functions
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Space propulsion subsystems’ basic 
functions are:

• Lift a launch vehicle (launch vehicle 
propulsion)

• Transfer payloads from low-Earth orbits 
to higher orbits (primary propulsion) or 
into trajectories for planetary encounter

• Provide thrust for attitude control and 
orbit corrections (secondary propulsion)

This introduction will focus on space 
primary and secondary propulsion, not 
on launch vehicle propulsion



Design drivers

7

• Performance requirements:

– Thrust

– Total impulse

– Duty cycle

• Thruster design drivers:

– Operating pressure

– Internal and external leakage

– Propellant type

• Configuration drivers:

– Physical characteristics

– Mass properties

– Thruster location, alignment

– Plume efflux

•Primary propulsion

–For orbital transfers

–Important design parameters

•Total impulse, or maximum 

propellant load

•Specific impulse

•Propellant storage temperatures

•Mass

•Secondary propulsion 

–For attitude control, and 

guidance/navigation

–Important design parameters

•Minimum impulse bit

•Thruster mode

•Mass

•Power



Propulsion Technologies
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Principles of Rocket Propulsion (1/3)
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• Thrust provided by thruster can be written as:
– ve: exhaust gas velocity

– : mass flow rate, consumed propellant per second

– Pe: exhaust pressure

– Pinf: pressure at infinity

• Nozzle of the thruster designed to minimize (Pe - Pinf)

• The total impulse It is thrust Fth(t) integrated over burn 
time:

• For constant thrust, 
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Principles of Rocket Propulsion (2/3)
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• We define the Specific Impulse as:

– (note that Isp has the units of time, and is expressed in 
seconds)

• The specific impulse provides an indication of the relative 
efficiency of a thruster

– Isp is a measure of the energy content of the propellant and 
how efficiently it is converted into thrust

– The higher the specific impulse the better (less propellant 
required for a given V)

• For constant thrust:

• Nozzle design theory tells that for a thermal rocket (solid 
or liquid propellant chemical, nuclear, solar thermal, 
electrothermal), the specific impulse can be directly 
related to chamber temperature and average molecular 
weight of exhaust gases:

– Isp can be increased by using lighter gases or by increasing 
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Principles of Rocket Propulsion (3/3)
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• The acceleration provided to the spacecraft is then:

• Integrating over the duration of the burn:

• Rocket Equation or Tsiolkowski Equation:

• Calculation of the propellant needed for a given transfer maneuver:
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Minimum Impulse Bit
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• Definition: smallest repeatable impulse that a 
device can provide. Defines the “fineness” of 
control that is possible.

• Symbol/Abbreviation: Ibit

– SI Unit: Newton-seconds (N-sec)

– Imperial Unit: pounds force-seconds (lbf-sec)

• Primarily dependent on
– The type of engine used

– How fast the engine’s inlet valve can open and close 
(“response time”)

– The physical size and volume of components

– The minimum unit of time that any command can be 
given by the spacecraft attitude control subsystem

• Has to be measured and cannot reliably be 
calculated

• Examples:
– Very small cold gas thrusters ≈ 5x10-7 N•s (10-3 N•s 

more common)

– Standard 0.9 N thruster ≈ 1x10-3 N•s

– Future Liquid Micro-thrusters ≈ 2x10-5 N•s

Rise time
Tail-off

Impulse



Performance Characteristics of Propulsion 
Systems
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Pros & Cons of Current Propulsion Systems
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Chemical Propulsion
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Chemical Propulsion 
– Cold Gas Thrusters
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• Provides a force or reaction moment in 
a given direction by expelling a high-
pressure gas

• Power energizes a coil which opens a 
valve allowing a gas to flow through the 
valve and out a nozzle

– Typical Size: 2 cm diameter by 3 cm long

– Typical Mass: as required (30 grams)

– Typical Power: 30 W @ 28 VDC

• Simple nozzle attached to the outlet of 
a solenoid valve

– Thrust level determines size and mass of 
cold-gas thruster

– Leakage is a major issue for long life
• can easily be contaminated by impurities 

in the flow and fail

Normally closed solenoid valve where 

armature/poppet assembly (in blue) is held against the throat seat 

by a conical spiral spring

–The valve coils are energized when an electrical signal is applied to the 

solenoid valve

–When the electromagnetic force of the coil overcomes the spring pre-

load, the armature/poppet assembly (in blue) lifts from the seat allowing 

gas flow

–De-energizing the coil causes the magnetic field to decay and the 

spring preload force returns the armature/poppet assembly to its seat 

providing leak-tight gas shut off



Chemical Propulsion 
– Cold Gas Thrusters
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A= asphyxiative; B = burns skin; C = corrosive; D = decomposes; F = flammable; T = toxic



Chemical Propulsion - Solid 18

• Propellant grain enclosed in a case ended by a 
nozzle.

– The shape of the cross section of the grain selected to 
achieve thrust vs. time profile.

• Size:
– 7 by 2 cm for a small spin-up solid rocket motor

– 2.6 by 1.9 m for the STAR 75 perigee kick motor

• Mass:
– 40 grams for a small spin-up solid rocket motor

– 8000 kg for the STAR 75 perigee kick motor

• Larger units are produced for launch vehicles



Chemical Propulsion - Solid 19

•The case of a solid rocket motor serves both 

as a propellant tank and combustion chamber

•One or more igniters starts the propellant 

burning within the chamber while the (yet 

unburned) propellant and insulation shield the 

motor case from hot propellant gases

•The nozzle converts the thermal energy of the 

propellant gases to thrust

•The grain configuration, to a large extent, 

determines the thrust and burn rate of the solid 

rocket motor

–internal burning tube vs. end burner

–cylindrical vs. star vs. dog bone vs. slotted vs. 
wagon wheel vs. multiple perforations, etc.



Chemical Propulsion - Solid 20

UPDATE



Chemical Propulsion 
– Solid

21

• Benefits:

– Simple

– Storable

– Self contained

– Reliable

– High energy density

• Drawbacks/Issues:

– Can only be fired once

– Can not have active control of thrust

– Grain cracks lead to quick explosion of the 
motor

– Requires manipulation of explosives 
during production

– Generally toxic exhaust

•Thermal soak-back of the solid rocket motor to 

the spacecraft after it has burned out

•Thrust Vector Control (TVC) of the solid rocket 

motor

– adding a liquid propulsion system (e.g. 
Magellan)

– adding a gimbaling mechanism (e.g. STAR

48V)

•roll control still needs to be provided

•Take into account sliver (unburned propellant 

remaining at the time of burnout)

•Account the difference between inert and burn-

out mass

•System center of gravity shift during and after 

burn (particularly for end-burning SRMs)
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• Benefits:

• Simple

• Storable

• Self contained

• Reliable

• High energy density

• Drawbacks/Issues:
• Can only be fired once

• Can not have active control of thrust

• Grain cracks lead to quick explosion of the 
motor

• Requires manipulation of explosives 
during production

• Generally toxic exhaust

• Thermal soak-back of the solid rocket motor 

to the spacecraft after it has burned out

• Thrust Vector Control (TVC) of the solid 

rocket motor

– adding a liquid propulsion system (e.g. 
Magellan)

– adding a gimbaling mechanism (e.g. STAR

48V)

• roll control still needs to be provided

• Take into account sliver (unburned propellant 

remaining at the time of burnout)

• Account the difference between inert and 

burn-out mass

• System center of gravity shift during and after 

burn (particularly for end-burning SRMs)

Chemical Propulsion – Solid
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• Liquid hydrazine flows into a catalyst bed in a 
thruster where it decomposes to create a hot 
gas that is exhausted through a nozzle

• Typical Dimensions:
• 15 cm long by 3.5 cm diameter (for a 0.9 N 

thruster)
• 46 cm long by 15 cm diameter (for a 445 N main 

engine)

• Typical Mass:
• a few hundred grams (for a 0.9 N thruster)
• several kilograms (for the 2700 N Viking main 

engine)

• Typical Power: 30 W (@ 28 VDC) for valve 
actuation

• Usually tolerate a wide operating range (inlet 
pressure) Aerojet MonoHydrazine Thrusters

Chemical Propulsion – Liquid 
Monopropellant
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• Benefits:
• low system complexity (no combustion and often 

a regulator is not even needed)

• relatively inexpensive

• requires only one set of tanks, components, and 
plumbing

• good storability

• Drawbacks/Issues:
• moderate to poor performance

• moderately dangerous from a handling 
standpoint

• contamination of a spacecraft’s external surfaces 
from exhaust gases

• Typically chosen as the propulsion system when:
• small thrust levels, minimum impulse bits, and/or 

ΔVs are required

• operational lifetime of the system is long
• the spacecraft temperature is tightly maintained

• science dictates known and quantifiable 
contamination of ephemeral body

• Catalyst bed and valve heaters are usually required 

on all monopropellant thrusters

– the duty cycle will dictate how long and often the cat. 

bed heaters are required

– if the burns are close together (minutes), the catalyst 

bed should stay warm

– how quickly the catalyst bed cools down is a function of 

the reactor design

– If catalyst bed heaters are not wanted in the design, a 

warming pulse (“cold start”) could be used before the 

maneuver(s) are conducted to warm the catalyst bed 

heaters up

• cold starts rapidly degrade the catalyst bed and are not recommended 

unless operational lifetime is short

• cold starts are not going to help if propellant lines or thruster valve is 

frozen

– Warming up the catalyst beds on small hydrazine 

thrusters takes on the order of 2 hours at ~2 W

• A diaphragm propellant management device (PMD) 

is typically used

• Monopropellant systems will always have some 

hold-up/residual remaining in the propellant tanks at 
the end of the mission that must be accounted for

Chemical Propulsion – Liquid 
Monopropellant
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Example system for attitude control:

A= asphyxiative; B = burns skin; C = corrosive; D = decomposes; F = flammable; T = toxic

Chemical Propulsion – Liquid 
Monopropellant

UPDATE
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Example systems:

Deep Space 1 Reaction Control System

Voyager Propulsion System

Chemical Propulsion – Liquid 
Monopropellant
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Example system for main propulsion:

Magellan Propulsion System

Chemical Propulsion – Liquid 
Monopropellant
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Typical propulsion system dry mass:

Chemical Propulsion – Liquid 
Monopropellant

UPDATE
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• Provides a force or reaction moment in a given 
direction by mixing two propellant together and 
exhausting the resulting products

• Liquid oxidizer and fuel feed into a thrust chamber 
where they mix and react chemically. Combustion 
gases accelerate and exhaust through a converging-
diverging nozzle

• Size:

• 5 cm diameter by 17 cm long (for a 10 N)

• 30 cm diameter by 60 cm long (1335 N Viking orbiter 
main engine)

• Mass:

• 400 grams (for a 10 N thruster)

• 8.1 kg (for the 1335 N Viking orbiter main engine)

• Power:

• 14 W @ 28 VDC (10 N) to 88 W @ 28 VDC (460 N)

Snecma Bipropellant 

Thruster

Aerojet Bipropellant Thrusters

Chemical Propulsion – Liquid Bipropellant
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• A liquid propellant motor consists of:

• Combustion chamber

• Propellant tanks

• Fuel and oxidizer injectors

• Propellant feed system

• Hypergolic propellants combust together 
spontaneously

• Nonhypergolic propellants require some 
kind of ignition system

• There are two typical configurations for the 
feed system:
• Pressure fed

• Turbopump-fed engine

Chemical Propulsion – Liquid Bipropellant



▪ Advantages

• Can control thrust

• Multiple firings

• Can be easily shut-off

• Can be used for long firings

• Non-toxic exhaust (with some propellant/oxidizer 
combinations)

▪ Disadvantages
• Complexity

• Cost

• High Is propellants are generally non-storable

• Lower reliability (compared to solid motors)

Chemical Propulsion 
– Liquid Bipropellant

M.R.      
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• Turbo-pump feed system
• The most complex system of the engine, especially for 

high thrust engines using cryogenic propellants. 

• Other engine types

• Hybrid (solid fuel, liquid oxidizer)

• Solar Thermal Rockets

• Nuclear

• – ...



Chemical Propulsion 
– Liquid Bipropellant

M.R.      
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A= asphyxiative; B = burns skin; C = corrosive; D = decomposes; F = flammable; T = toxic

UPDATE



Chemical Propulsion 
– Liquid Bipropellant

M.R.      
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UPDATE
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Example systems:

Cassini Propulsion System

Chemical Propulsion – Liquid Bipropellant



Example systems:

Chemical Propulsion 
– Liquid Bipropellant

Note: The Cassini system 

was a complete module 
dropped into the
spacecraft. This mass 

includes primary and 
secondary structure

not normally book kept as 
propulsion.

UPDATE



Typical propulsion system dry mass:

Chemical Propulsion 
– Liquid Bipropellant

UPDATE



▪ Tanks

▪ Feed Systems

• Accumulators: Attenuates feed system oscillations or used to store limited quantities of fluid

• Burst Disks: Provides a positive, hermetic, zero-leakage seal of a fluid from other fluids or from the ambient; to initiate flow at a 
predetermined pressure

• Filters: Removes impurities in the fluid thereby protecting downstream components from contamination

• Orifices: A passive device that limits transient or steady-state flow of propellant due to a reduced flow passage through a small hole

• Pressure transducers: provide measurements of system pressures

• Regulators: mechanically passive devices that maintains a constant pressure at the regulator outlet regardless of upstream pr essure

Propulsion Hardware (in addition to 
the thrusters)



▪ Feed Systems (continued)
• Various Types of Valves

Propulsion Hardware (in addition to the 
thrusters)



Chemical Propulsion 
– Systems

Aerojet Propulsion Systems

UPDATE



Electrical Propulsion

40
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▪ Basic principle: acceleration of gaseous molecules at very high velocities (increased Ve but reduces mdot)

▪ Acceleration of the particles is provided by electric or magnetic field. Thrust created is proportional to power in the 
field:

▪ Ion thruster efficiency:

Electric Propulsion – Basic 
Principle
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Electric Propulsion – Overall System

• EP systems typically have greater dry 
masses compared to chemical thrusters 
but much lower propellant masses (due to 
the higher Isp)

• EP systems are more complex, they 
include:

• Power Processing Unit: to transform low 
voltage to the required thruster high 
voltage

• Digital control unit: to control the power 
units and feed system

• Propellant throughput varies per engine 
and depending on the DV requirements, 
several engines might be needed

Propellant
Storage

Gimbal

Power 
ConditioningS/C

C&DH

Propellant
Distribution

and

Control

Digital
Interface &
Control Unit Thruster

Input Power



Electric Propulsion – Types of Thrusters

• Electrothermal
• Electrical heating of propellant

• Thermodynamic expansion through nozzle

• Resistojets, arcjets

• Electrostatic

• Charged particles are accelerated by electrostatic fields

• Sources of ions:

• Mercury, rubidium, xenon (high atomic weight)

• Release of free electrons through thermionic effect

• Ion Engines, Hall thrusters, Field Emission Electric thrusters, Pulse inductive thrusters

• Electromagnetic

• Plasma is accelerated by time-dependent or crossed electric and magnetic fields

• Magnetoplasmadynamic thrusters…
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Electric Propulsion – Ion Thrusters
• The gas xenon (which is like helium or neon, but heavier) flows into 

the ion engine, where it is given an electrical charge. As soon as the 
xenon atoms become xenon ions, they can be pushed out by an 
electrical voltage. A pair of grids in the ion engine, electrified to 
several 1000 volts, accelerates the ions to very high speed and 
shoots them out of the engine. 

• The xenon ions travel at about 35 kilometers/second (77,000 
miles/hour). This is about 10 times faster than the exhaust from 
conventional rocket engines, so the xenon gives about 10 times as 
much of a push to the spacecraft as chemical propellants do. That 
means that it takes only one tenth as much propellant for an ion 
engine to work as it does for a chemical propulsion system. 

• Now the ion engines use only a very small amount of xenon at a 
time. That means that the thrust is very very low. If you rest a piece 
of paper on your hand, the paper pushes on your hand about as 
hard as the ion engine pushes on the spacecraft! It may take 4 days 
or more just to use up 1 kilogram of xenon. Unlike chemical 
engines, which can be operated for minutes, or in extreme cases, 
for an hour or so, ion engines can be operated for years. The effect 
of the gentle thrust slowly builds up, eventually attaining speeds far 
beyond the reach of conventional propellants. 



Electric Propulsion – NSTAR Engine

• Deep Space 1, using less than 74 kg of xenon, accelerated by about 4.3 kilometers/second. This is greater than any 
spacecraft has ever been able to change its speed. It thrusted for 678 days, far far longer than any propulsion system 
had ever been operated.

• DS-1 NSTAR Engine Input Power Range
• 0.52 to 2.30 kW

• Thrust
• 22 to 92 mN

• Specific Impulse
• 2200 to 3370s

• Flow Rates
• Main flow: 0.59 to 2.20 mg/s
• Cathode flow: 0.21 to 0.30 mg/s
• Neutralizer Flow: 0.21 to 0.30 mg/s

• Physical Size
• 28.5 cm Dia. Ion Beam
• 40 cm Outer Diameter x 40 cm Long
• 7 kg Mass

• Design Life
• 83 kg of Xeon (8000 hrs at full power)
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Electric Propulsion – Hall Effect Thrusters
• A Hall effect thruster (HET) or Hall thruster is a type 

of ion thruster in which the propellant is accelerated 
by an electric field in a plasma discharge with a 
radial magnetic field

• Use the Hall effect to trap electrons (magnetic 
confinement) and then use the electrons to ionize 
propellant, efficiently accelerate the ions to produce 
thrust, and neutralize the ions in the plume 

• Plasma is neutral,  no charge accumulation

• Widely used for station keeping in low altitude 
satellites by former USSR

SNECMA PPS 1350 (W)

Aerojet 4.5 kW Hall Thruster

Fakel ISTI SPT-100



Electric Propulsion – Hall Effect Thrusters

The Hall thruster discharge is a DC plasma discharge. An electric potential on the order of 300 volts is applied between the anode and cathode. 

Xenon gas, which is the propellant, is fed through the anode, which has numerous small holes in it to act as a gas distributor. Xenon propellant is used 

because of its high molecular weight and low ionization potential. As the neutral xenon atoms diffuse into the channel of the thruster, they are ionized 

by collisions with high energy electrons (10–20 eV or 100,000 to 250,000 °C). The xenon ions typically have a charge of +1 though a small fraction 

(~10%) are +2. The xenon ions are then accelerated by the electric field between the anode and the cathode. The electric field accelerates the ions to 

around 15,000 m/s (or a specific impulse of 1,500 seconds (15 kN·s/kg)).

The magnetic field in the thruster traps electrons, creating a ring-shaped electron cloud at the exit of the anode channel. The ions are accelerated 

toward this cloud and out of the thruster. Upon exiting, the ions pull an equal number of electrons with them, creating a plume with no net charge. In a 

hall thruster, a magnetic field is used to ensure that the discharge power goes into accelerating the xenon propellant and no t the electrons, thus the 

thruster is efficient. The magnetic field is strong enough to substantially deflect the low-mass electrons, but not the high-mass ions. The majority of 

electrons are thus stuck orbiting in the region of high radial magnetic field near the thruster exit plane, while the ions are accelerated and produce 

thrust. The electrons are trapped in E×B (axial electric field and radial magnetic field) and rotate azimuthally. This azimuthal rotation of the electrons is 

a Hall current and it is from this that the Hall thruster gets its name. Collisions and instabilities allow some of the elect rons to be freed from the 

magnetic field and they move towards the anode. About 30% of the discharge current is electron current and doesn't produce th rust, which limits the 

efficiency of the thruster; only 70% of current is ions. Because the majority of electrons are trapped in the Hall current, t hey have a long residence 

time inside the thruster and are able to ionize almost all (~90%) of the xenon propellant. The ionization efficiency of the thruster is thus around 90%, 

while the discharge current efficiency is around 70% for a combined thruster efficiency of around 60% (= 90% × 70%). Actual thruster test show total 

efficiencies around 50% for Hall thrusters.



Electric Propulsion – Performances UPDATE



Other types

Solar sails

Nuclear propulsion

49
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Solar Sails – How they work

• Form of spacecraft propulsion using large membrane 
mirrors. 

• The radiation pressure on the mirror provides a minuscule 
amount of thrust by reflecting photons. 

• Tilting the reflective sail at an angle from the Sun produces 
thrust at an angle that bisects the angle between the Sun 
and the spacecraft. 

• Radiation pressure is small and decreases by the square of 
the distance from the sun, but unlike rockets, solar sails 
require no fuel. Although the thrust is small, it continues 
as long as the sun shines and the sail is deployed.



Solar Sails – Types of Sails

• There are three major designs used for light 
sail construction: 

• Three axis stabilized sails which require 
booms to support the sail material. 

• Heliogyro sails, which are bladed like a 
helicopter and must be rotated for stability 

• Disc sails which must be controlled by 
moving the center of mass relative to the 
center of pressure. 

• In most designs, steering is done with auxiliary 
vanes, acting as small solar sails to change the 
attitude of the large solar sail. The vanes would be 
adjusted by electric motors.



Solar Sails – Challenges

• A practical sail places great demands on our physical construction capabilities. The sail must be as large 
as possible so that it can collect enough light to gain a useful thrust. At the same time it must be as 
light weight as possible. 

• This implies a very, very thin sail film with minimal mass. 

• Conventional light sail film has comprised 5 micron thick aluminized mylar or kapton with a thin film aluminum 
layer (approximately 100 nm thick) deposited on one side to form a mirror surface with 90% reflectivity. 

• It must be durable enough to withstand a wide range of temperature changes, charged particles, and 
micrometeoroid hazards. 

• Light sailing works well for inner planet missions and for activities extending out to the Mars orbit. 
However, the solar flux falls off as the inverse square of the distance from the sun. Thus for missions 
beyond the Jupiter orbit, an alternative to solar propulsion is to use directed light from a high power 
laser. 

• One of the more important sail film figures of merit is the areal density (equation next slide). From the 
areal density, one can calculate acceleration due to the solar light pressure at Earth orbit (1 AU).

Star Wars Geonosian Sail



Solar Sails – Equations



▪ Concept is to maximize Isp by reducing molecular weight of propellant

• Chemical reaction energy is replaced by external energy source

• Isp limited to about 1200 s due to material constraints

▪ 4GWth nuclear rocket motor tested in NERVA program in 1960s

• Program terminated with piloted Mars missions

▪ Air Force Research Lab Program:
• Tested small solar thermal rocket in 80s, currently investigating mission 

applications

Chemical Propulsion 
– Nuclear Thermal

M.N.      
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Conclusion and next 
steps

- Quizz what did we learn today?

- How you can apply what you have 
learned into your projects?

55



For your projects

Size the propulsion system for your satellite

During the mission design session, you have started calculating the total V needed for your mission, and the associated 
propellant mass. It is time to define the propulsion system that with provide that V.

Primary Propulsion

Assuming your V and an additional margin of 10% to account for uncertainties, tank residuals and other:

a. Determine the thrust you need if the maximum acceleration you allow the spacecraft to see is 0.1 g (for solar arrays and other 
ADCS);

b. Choose a propulsion system based on the thrust you need and your system complexity, infer the Isp; define the number of 
engines needed for lifetime, and dimensions; define preliminary architecture (make a hardware block diagram);

c. Given the total V computed in mission design and the total mass injected by the launch vehicle, calculate the amount of 
propellant you need to perform the transfers and the “dry” mass of your satellite; iterate if necessary;

d. Estimate mass of primary propulsion system dry mass (either with approximate formulas given or external sources);

e. Estimate power needed to heat up the system (see datasheet of particular engine);

f. If the data you have on your selected thruster allows, calculate the burn time for your maneuvers. If this burn time is higher 
than 20 min, then investigate possibility of making several burns instead of 1.
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Learn more and dig deeper into Space Propulsion

- ENG 510 - Space Propulsion (Spring Semester) by Markus Jäger

- Recordings of the Seminar Series on Space Propulsion by Prof. Hiroyuki Koizumi at 

EPFL Space Center public webinars (2022). 

- Get hands on at EPFL Rocket Team (ERT) → https://epflrocketteam.ch/
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Contact EPFL Space Center

Station 13

CH-1015 Lausanne

Tel: +41 (0) 21 693 69 67

email: eSpace: espace@epfl.ch

Space Innovation: info@space-innovation.ch

Website https://space.epfl.ch/

Prof. Jean-Paul Kneib Academic Director

Emmanuelle David Executive Director

Martine Harmel Space innovation Coordinator
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