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ION SOURCES / PLASMA / DIAGNOSTICS

= & Particle beam intercepted by calorimeter in MITICA

MOST POWERFUL NEUTRAL BEAM HV bushing
INJECTOR (NBI) IN THE PLANET:
PLeam 17 MW

{] Cryopump \
\\ |

Beam Source Vessel . & BeamiineVessel

|

N bl iq( J
locc 40-50 A Beam Source ""‘1%‘ v
V.. 1MV
toutse 3600 S

Weight 50T

Neutraliser (NED)

| : ~ Calorimeter (100kg/s)
| ERID (100kg/s)

Neutréliser(SSkg/s) e —= | el el bl Il

Electrostatic Residual lon
Dump (ERID)

MITICA
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ELECTRIC PROPULSION EARTH OBSERVATION TELECOM EXPLORATION SCIENCE OOS GROUND-SEGMENT

Credits ESA

Credits NASA

ELECTRIC PROPULSION THERMAL CONTROL MECHANISMS
THRUSTERS PUMPS EXPLORATION (e.g. NASA M2020 rover)
DIAGNOSTICS MPLs ENVISAT E-DEORBIT CLAMP
THRUST BALANCES 2-PHI POINTING (3 legs)
POINTING MECHANISMS PRECISION POINTING (6 legs)

PUMPS DEPLOYMENT | BESPOKE | HDRMs
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ELECTRIC PROPULSION EARTH OBSERVATION TELECOM

THRUSTERS

CUBESATS
High efficiency [ISP]
Higher thrust [mN]
Higher total impulse [Ns].
o De-orbiting

o Constellation phasing
SMALL SATS

o Water, Ammonia, etc.
Cathodeless

Simple / Inexpensive Xenon

SMALL TELECOM / GEO
Combined architecture
(fully all-electric)

o SK + OR +

DIAGNOSTICS

GROUND SEGMENT

Non-disruptive

ORBITA (in- I
Direct comparable data
ground vs. In-orbit

HIGH RESOLUTION
Thruct €

EXPLORATION SCIENCE OOS GROUND-SEGMENT

OTHERS

POINTING MECHANISM
2-phi small sats
6 leg Precision pointing

Electrically-driven feed
pump (diaphragm)
RE-FUELLING
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PRIMES ((DHB ﬂnano
SURREY
OPERATORS vy avionics AIRBUS
A e Q orencosmos GOMSPACE ™+~ KKARTEN '[ng!gféylspaicg

TEST FACILITIES  Imperial College  sumney Soythampton

SPACE CENTRE
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SMALL SATELLITES TELECOM/GEO SATELLITES

ni- A/ ECR Gridded ion engine
Microwave Electrothermal Thruster Xenon
Ammonia - Dimensions: 10cm radius, 8cm length
- dimensions: 1U + tuna - Mass: 2kg — IMPULSE
- Mass: 50 g (thruster), 1.4 kg (system, wet) - 1kW Mtceratadie
PropULsion Architecture for
oy XM ET satEllites:
AQUAJ ET Microwave Electrothermal Thruster For fully all-electric missions,
Xenon performing orbit raising,
Cathodeless ECR thruster - Dimensions: 5¢cm radius, 10cm length station keeping and reaction
Water, xenon or argon. - Mass: 500g control
- Dimensions: 0.8cm radius, 5cm length - kW —
- Mass: 600 g
- Alternative propellants XJ ET [AQUAJ ET]
Scalable to: ~10mN, ISP=1500s @200W
ICE CUBE [~ ~ ~30mN, ISP~4000s @1kW
scalable
Water electrolysis chemical (hybrid) ICE CUBE
Continous mode Scalable up to ~300 mN @1.5kW (continuous mode)
High density energy storage
Dimensions: 1U
Mass: ~1.2kg _
ELECTROSPRAY AQUAJET 1000 1 30 16 Water, Xenon, Argon, any...
s Bate. e ol EEE e Tt e ML ECR GIE 3000 - 5500 20-170 Up to 1000 50 Xenon
High Efficiency / Higher thrust / Higher XMET* 90-120 Up to 500 Up to 1000 50 Xenon, Water, Ammonia...
total impulse alternative to FEEP
(Enpulsion). Mini-MET 300 - 550 1-4 25 20 Ammonia
- Electrospray 4500 0.5 17 60 lonic liquid o~

ICE CUBE 310 2 10- 15 20 Water
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AQUAIJET & XMET: COMPARISON

5000 —— ECR-type (AQUAJET):
. — 500, * At high power levels, performance expected
20001 — 300 to be competitive with GIE, HET
* Low thrust, high ISP solution
10001 * Lower-cost & more suited to alternative
- propellants
5 5001 - N than GIE, HET
200
MET-type (XMET):
100 @ ° With alternative propellants (H20, NH3),
~ reaches higher
50-: A U P B S R ‘\ ISP than arcjet/resistojet
0.02 0.05 0.1 0.2 0.5 1 ¢ Medium thrust & ISP solution
TTPR [mN/W] * Fills gap between high-power & low
Specific impulse against thrust-to-power ratio as occupied by current EP performqnce
systems and as achievable by ECR and MET technology (boxed). Thruster electric propulsion families

efficiency contours are also shown. o)
\ 9100 |
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THERMAL

MECHANISMS

100000 -

10000

thrust to power ratio, mN/kW

10 4

1000 +

100 -

- Tile 500

—n=100%
—n=80%
l — n=60Y
- |CEA3 ELECTROSPRAY _ o
I . MiniMET n=4i%%
I" Micro-resistojet —n=20¢
|
Nanoprop 3U —n=10%
NN

0 1000 2000 3000 4000

Specific impulse, seconds

5000

Specific impulse against thrust-to-power ratio as occupied by current EP

systems for CubeSats and as achievable by ICE~3, MiniMET and Electrospray

technology (boxed). Thruster efficiency contours are also shown.

CUBESAT PROPULSION COMPARISON

Thrust Specificimpulse | Power required | Efficiency
(mN) (s) (W) (%)
ICE~3 2 310 10-20 20
MiniMET 1-4 300 - 550 25 20
ELECTROSPRAY 0.5 4500 17 60

ICE3:

* First continuous mode water thruster
* Scalable to high thrust (low power) in
pulsed mode: micro & mini-sats

MiniMET:

* First ammonia thruster for CubeSats
* High-thrust

* Mid-TTPR

PET-100

* Higher thrust (larger emitters)
* Higher total impulse (Ns)

{ EN
\ 9100 |
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ICE? The ultimate modular ;/ flexible water electrolysis propulsion system
Imperial College _ _
London Thrust Specific Power Efficiency
(mN) | impulse (s) | required (W) (%) —
ICE3 2 310 12-20 ~20 ﬁ @ @Sa
AQUARIUS 5-15 310 40-100 ~20 UKSPACE e
ICE 1000 310 50-1000 ~20

[
4e'r T Propulsion System
2H+0, /

Diaphragm Water Tank Phase Separation .......
. C . h Pres Membrane \
ontinuous thrust PEM Fuel Cell
* Scaling up to high thrust system ~1 N, at same ISP: Cathode Oxidation Anode Reducion
4H"+4e —> 2H, 4H* | | 2H,0 — 4H*+4e+0,

-> possible with 8.3 kW for continuous electrolysis & thrust

-> with Hz2, O2 storage plena: 50-1000 Watts for impulsive mode,

dep on recharge time

P 9 ] H,0 R «...... Electrochemical
Pump

N o .
) OHB “” KARTEN AIRBUS (.

/ELUEMN
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ICE* BACKGROUND

Imperial College o

London
MEMS HYDROS-C
* Micro-bipropellant MIT * By TETHERS Inc.

* Thruster chips manufacturing technology process
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ICE’ FEATURES

Imperial College o

London
THRUSTER CHIPS ELECTROLYSIS + CATALYST REACTION
 MEMS * First continuous mode H2o0 thruster
 IMPROVED PROCESS FROM MIT * Scalable to high thrust (low power) in pulsed mode
 MODULAR | SMALL * 10-20w CubeSats

* 40-100w Small Sats
* 100-1000w Large GEO

|Maximumthrust ~ [REOI

310s

0.05 Ns

24 x 42 x 2 mm
I

120 g

0.15 mN/W
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3 Thrust (mN) Specific Power Efficiency (%) \\\““k
ICE impulse (s) required (W) &‘ esa

Imperial C0"ege 2 310 12_20 ~20 European Space Agency
London 7
7
UK SPAGE
* Continuous thrust 100000
——n=100%
* —n=80¢
> 10000 1 —
2000 * high power electric = x ICEA3 | ELECTROSPRAY ——
. . o Z i - MiniMET n=40%
I : rESIStDJEt 'f CDId gas E\ I':"-I Micro-resistojet ——N=20%
1000 . % 1000 ] EE— e
@ 500 g Tile 500
o )
) S 100 -
- Il
HYDROS-C =
200 é 5
" o 10 BET-100
100
¢ IFM Nano
ol 1 . . . | .
50 0.01 0.1 1 0 1000 2000 3000 4000 5000 (e
I8l4] -I_I-PR [mN!W] 8100 |

NS Specific impulse, seconds RN
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ICE?

Imperial College
London

Thrust (mN)

Specific
impulse (s)

Power
required (W)

Efficiency (%)

2

310

12-20

~20

Thermal infra-red tests

SWIR PERFORMANCE CAMERA

FLIR AB260sc

The new FLIR A6260sc camera sets
camer; ience and R&D applications by pairing high-speed
performance with fully features. The high- i
detector offers improved sensitivity and linearity across the full
dynamic range, making it ideal for radiometry and temperature
calibrated app lications. This camera also records full-frame data
at 180 fps and synchronization with other instruments for stop-
action recording on high-speed events.

the standard for SWIR

www flir.com/a6260sc

PTFE Gaske!

MEA

FTFE Goske!

Grophite Anode End Plate

Guide Dowels

Plostic Endplate Assembly

I(ARTEN

* FLIGHT OPPORTUNITY early 2021
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