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Who are we?

Based at the Rutherford Appleton 
Laboratory in Oxfordshire

Part of the Science and Technology 
Facilities Council (member council of 
UK Research and Innovation)

Approximately 330 staff

“UK’s National laboratory to advance 
the exploration of space and the 
environment, for the benefit of all.”  
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Who are we?
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UK Research and Innovation

http://www.hmg.gov.uk/


What do we do?

Design & Build Space Instruments

Research (Astronomy, Solar Physics, Climate, 
etc.)

Technology Development (Optics, Thermal, 
Electronics, etc.)

Data/Information (Curation, Analysis, 
Dissemination, etc.)

Facilities (Ground Stations, Calibration, 
Environmental Testing, etc.)

Economic Impact (Spin-out, Outreach, 
Training, etc.)
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The National Satellite Test Facility

The National Satellite Test Facility (NSTF) is 
a £105 million facility currently under 
construction at RAL to be completed next year

Aims to provide the UK space industry with a 
‘one-stop-shop’ for complete environmental 
testing of complex spacecraft systems

Complements our existing facilities with the 
addition of:

Larger scale thermal, vibration and pyro-shock test 
facilities

Acoustic test facilities

Electromagnetic compatibility (EMC) and antenna 
measurement

Mass property measurement
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The Space Environment

Without the Earth’s atmosphere to shield 
us, space is an incredibly hazardous 
environment

Depending on the mission type and 
orbit, equipment must be designed to 
withstand:

Large vibrations, acoustics and mechanical 
shocks during launch

Extremes of hot and cold temperatures under 
vacuum

Intense radiation

Microgravity

Space debris

As engineers our main concern is that 
the equipment we design can survive 
and operate in these conditions

The International Space Station

Image credit: NASA



Spacecraft Design

To an extent, computational 
models can assess the 
environmental conditions a 
spacecraft will see and its 
performance under these 
conditions

For example, thermal models are 
used to calculate the range of 
temperatures it will reach once it 
gets into an orbit

However, these computer 
models are not perfect, and 
performing tests on the ground is 
essential to check that the design 
works

BBR
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Spacecraft Testing

Our challenge as engineers it to simulate 
the space environment as realistically 
as possible

We start early on in the project by building 
and testing a prototype model

If this passes the tests successfully, we 
then build the flight model and repeat the 
tests on this to check again that it works

Once the hardware is in space we 
cannot fix it, so it’s better to fail a test and 
change the design before launch

Space missions often cost billions and are 
expected to last for years or even decades 
in space, so these tests are really critical Thermal testing of the JWST OTIS

Image credit: NASA



Clean Rooms

All assembly and test work must be done in 
an ultra-clean environment

Contamination can damage sensitive optics 
and reduce reliability

ISO Class 5 clean rooms are available at RAL 
Space

Humans are the biggest contaminators, so 
clean room suits are used within the clean 
rooms

The requirement for cleanliness presents an 
additional challenge when performing 
environmental tests on spacecraft

The clean rooms at RAL Space



Thermal Testing

Large vacuum chambers thermally cycle
hardware across their expected orbital 
temperatures – this is known as thermal 
vacuum testing

We also run specific steady-state cases 
attach temperature sensors and use the data 
to improve our computer models – this is 
known as thermal balance testing

We can go as cold as -190 °C and as hot as 
+150 °C

Our largest chamber is 5 metres in diameter 
and we’re currently building a 7 metre 
diameter chamber

The RAL Space thermal test chambers



Thermal Testing

Every test is very different 
depending on the mission

The tests are long and can 
sometimes last for months

Sometimes we have to simulate 
even colder temperatures and 
sometimes we have to directly 
simulate the Sun

This video shows IR imagery of 
the ESA Solar Orbiter spacecraft 
during solar testing

RAL Space contributed the SPICE 
instrument to this mission and were 
present for spacecraft-level testing

Video credit: ESA/IABG/Airbus



Thermal Testing

For colder temperatures, we need to develop 
bespoke cryogenic facilities

The facility for cryogenically testing the JWST 
MIRI instrument sat inside the vacuum 
chamber and allowed cooling to < 40 K

Thermal testing was performed alongside 
instrument calibration

A similar (albeit much larger!) facility is 
currently being developed for the ARIEL 
mission

Designing these facilities is a significant 
project in itself and requires years of design 
work

The MIRI Cryogenic Test Facility



Vibration Testing

A ‘shaker table’ is used to vibrate 
hardware and simulate the intensity 
of a rocket launch

This confirms that the mechanical 
design is durable enough to survive 
the launch

Accelerometers are attached to 
monitor while it’s shaking and can 
detect anomalies

The shaker table at RAL is very 
powerful and can produce 
accelerations as high as 140 g, 
with random vibrations up to 2 kHz The RAL Space Vibration Facility



Vibration Testing

Vibration testing of the SPIRE 

instrument (Herschel mission)



Pyroshock Testing

Pyroshock testing simulates 
shock events in the equipment
that can occur during space 
missions

Such events are caused by stage 
separations of rockets during 
launch or mechanisms on the 
spacecraft firing

These tests are particularly 
important for space 
instruments, which can be very 
fragile

Our new pyroshock facility 
opened last year

The RAL Space Pyroshock Facility



Other Tests

Numerous other facilities are 
currently under development as 
part of the NSTF

Acoustic testing
Large array of purpose-built speakers 
to generate acoustic vibrations of 
launch

Electromagnetic compatibility 
(EMC)

Assessment of EM interference 
between different systems on a satellite

Antenna measurement
Planar near-field scanner to measure 
performance

Centre of Gravity and Moments of 
Inertia measurement

Verifies consistency with design

Early demonstration tests of the RAL 

Space acoustic test facility

Copper floor of the RAL Space EMC 

facility being laid



Useful Links

We’ve recently launch a new virtual 
tour of our R100 facilities on our 
website: 
https://www.ralspace.stfc.ac.uk/Virtual 
Tour/RALSpaceV1/index.aspx

The RAL Space Early Careers 
Conference is on 1st December: 
https://www.ralspace.stfc.ac.uk/Pages/
Early-Careers-Conference-2021.aspx

Our Graduate Training Scheme is 
currently recruiting for 2022: 
https://stfccareers.co.uk/graduates/

https://www.ralspace.stfc.ac.uk/Virtual%20Tour/RALSpaceV1/index.aspx
https://www.ralspace.stfc.ac.uk/Pages/Early-Careers-Conference-2021.aspx
https://stfccareers.co.uk/graduates/


Thank you

@RAL_Space_STFCralspace.stfc.ac.uk RAL SpaceRAL Space


