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> Comat Overview

> Plasma Jet Pack H2020 project
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> Physics description
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> |n-flight demonstration I0D/IOV
> With HIT
> WITH ISIS funded by H2020
> With USpace funded by CNES



Plasma Jet Pack

Company overview : space equipment provider since 1977

2022: turnover 12M€

1800 m?

Toulouse Facilities

1000 m?

AIT Area, including ISO 5/ ISO 7 room Manufacturing and control area



Plasma Jet Pack

Company overview : integrated company

500m? of workshop dedicated to
space industries

Industrial _
. . -h 500m? of iso 7 clean room
Direction for equipment integration
50m? of iso 5 clean room for
optical equipment integration
Technical
Direction -

\. IS ) . ‘ ' Space Qualified

Equipment

New Space Lab

New Space Market
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Plasma Jet Pack @comot

Market & vision

v' The development of commercial missions based on constellations of small satellites (10-150kg) needs to have
reliable and long life duration equipment to sustain their business.

>We have chosen to develop equipment following European Cooperation Space Standardization (ECSS)

>The qualification of our products are done for 8 years life duration

v" To be competitive and insure quality

>Mechanical parts are manufactured in our workshop
>Electronic are manufactured and controlled on fully automatized lines following IPC and class 3 standard

>Integration are done in our clean rooms with a flexible & generic manufacturing products lines ( for all products)

Comat manufacturing lines & supply chain are designed to be able to deliver hundreds to thousands products a year



Plasma Jet Pack

Market & vision

v' Technology building blocks and components

>All our products are based on validated building blocks approach

>All our building blocks are based on adapted industrial components

v Scalability

Product

Building

blocks |

Building

bocks | |

Components

Plasma Jet Pack (PJP30)

>The building blocks approach allow to have a quicker expansion of our products families

comat

Indutrial
approach
for new
space

>Intern methodology to develop space equipment compatible with mass production using industrial COTS (in less than 1

year)
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Plasma Jet Pack

Introduction- Objectives & teams
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This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 870444
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Introduction- objectives P e

v PJP global objective : The Plasma Jet Pack project will develop and validate up to qualification level all the building blocks of
the technology. The PJP0-30 will be qualified and an I0OD/IOV will be performed within 3 years.

> Objective 1: Consolidation of the propulsion specific performance characteristics (specific impulse, thrust-to-power ratio,
impulse bit, efficiency...) of vacuum arc thruster physics. @

> Objective 2: Improve Plasma Jet Pack’s thrust duration.
> Objective 3: Development and test of a fully representative propulsion module: the PJP 0-30. @

> Objective 4: Analysis of market needs and mission & satellite integration. @

10



Plasma Jet Pack @comot

Physics description Melting metal (Joule

effect)
Electric field due to

(uasi neutral plasma

electron cooling
Electron flux e-
/ . .
o o
o |
Nele® ¢ " .0 _ | ot
®
o ®
ot o
|onized metal ¢
Metal vapor
[athode \ I |
V V lons
(metal propellant)
I\ Cathode sheat Plasma Jet expansion Anode 750V (up to falkm.s-1)
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Physics description




Plasma Jet Pack
Physics description

Current a Energy few joules Current (kA)
Voltage

HF current noise (S T/

Discharge banks =>
generation of thousands

ECTON on cathode
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Plasma Jet Pack

Arc Discharge Target b7
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Plasma Jet Pack

ObjeCtive 1 — consolidation of specific performances ~Flasnazetpack

v" Objective 1: Consolidation of the propulsion specific performance characteristics (specific impulse, thrust-to-power ratio,
impulse bit, efficiency...) of vacuum arc thruster physics.

> Presented in details last year by Antoine !

@ comat Plasma Jet Pack [N .=. @ comat Plasma Jet Pack [ =. comat Plasma Jet Pack [EJENE .= @ comat Plasma Jet Pack [N =.

Bundeswehr University of Munich - Facilities: LAPLACE CNRS - Facilities: ICARE CNRS - Facilities: PlasmaSolve - Facilities:

o Cathode Spot Model (CSM)
o Plasma Plume Model (PPM)

© Mass spectrometer (0 to
300uma)

© HOBAS high Speed imaging o High frequency Langmuir probe system

system - upto 10° frame/s

< EPIC Vacuum chambers

coupled  hydrodynamic  and
electromagnetic equations

o Vacuum chambers o High Speed camera 540Kips

o Faraday cup

© Optical emission spectroscopy

o ToF setup with 3 grids o ToF measurements setup with planar

o 20 and 30 realistic geometry
probes and grids i

numerical simulations

o Stereoscopy measurement

Numerous data has been generated to have a better understanding of the physics, these data answer to all our scientific issues of
the work plan

Plasma imaging HOBAS :




Plasma Jet Pack

ObjeCtive 2 — total impulse P esmadetpack

v" Objective 2: Improve Plasma Jet Pack’s thrust duration

> Now the main difficulty of the project !

l Concepts

(Fai'ure1 Failure analysis generation
Analysis

Arc Discharge
Chamber innovation
cycle = 2 months

Characterization
(Thrust, ISP,
= Total impulse)

|
s

Detailed design
3D&2D

3D printing
metal or
production unit

We developed and tested more than 12 configurations
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Plasma Jet Pack

ObjeCtive 2 — total impulse P esmadetpack

v" Objective 2: Improve Plasma Jet Pack’s thrust duration

We defined a work plan for the next two years to be focus on erosion technology with dedicated parametric electronic hardware

17



Plasma Jet Pack

‘@ comat

N
1
ObJECt VE Z — total impulse ~Flasmazetpack

v" Objective 2: Improve Plasma Jet Pack’s thrust duration

Team hope

Concept Design Manufacturing§ Assembly Test

Development pha&e
18



Plasma Jet Pack

ObjeCtive 3 —Development and test of a fully representative propulsion module: the PJP 0-30. 7 Plasmaletpack

v" Objective 3: Development, test and qualification of a fully representative propulsion module: the PJP 0-30.

Design evolution

Total impulse issue Thermal issue

™

Compact design Modular design
1 1U 0,75U

We successfully developed and characterised and qualified 2 propulsion modules during this project

19



Plasma Jet Pack

ObjeCtive 3 —Development and test of a fully representative propulsion module: the PJP 0-30. 7 Plasmaletpack

v" Objective 3: Development, test and qualification of a fully representative propulsion module: the PJP 0-30.

I~
Plasma Jet Pack Bl ‘@ comat
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| Miniaturization of the electronics and efficiency increase (around 95%) |

We successfully developed and characterised and qualified building blocks PPSCU
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Plasma Jet Pack

‘/ObjeCtive 4 —Analysis of market needs and mission & satellite integration. “Plasmatetpack

I~
Plasma Jet Pack Il ‘@ comat

v’ Objective 4: Analysis of market needs and mission & satellite integration. Market & commercial targets

> The main cost contributor is presented hereafter :

¥ Electronic:
> Only COTS & ltar-free
> Manufacturing using aeronautics standards (IPC, Class3)

> Validated building blocks to develop products

Airbus (L scal European Space > Same manufacturing and assembly process for all products
irbus (Large scale .
e ragtor) Agencies (ESA, TAS, OHB,SSTL (Large
g CNES...) scale Integrator, ¥ Manufacturing
High partners) | / > Minimize ceramic parts to reduce the mechanical complexity
‘ B .\7\ ¥ Acceptance sequence
European New \\'ﬁmﬂﬂwm i > Compromise between cost & quality B ————
Space Chengdu Guoxing Aerospacel e o et s minemperae]
Manage ClOSE'V O/ Company recnmgymur{ \ ‘\ } v‘i‘
19
@+ US New Space o
3 Company rures Gt oo o
2 X Tech -
g Chinese New— Plasma Jet Pack —
Space CHARACTERISTICS
Compan
US Large scale //-O pany Plasma Jet Pack Technology
Integrator Monitor Keen inf d
Chi L /. (minimum S e
scaII: Ie:tee ar;gt:r ] effort) \
€ @+ Australian Space Agency Europe Teiwan/USA ADVANTAGES: @,
> 5olid metal propellant
Low R
>

High
Low '8

justable as function of frequency
Interest

> Geometry can be adapted as function of requirements

plug & play product

We have defined the target market for the available technology performances

21



Plasma Jet Pack

o
. . 1
v Obj@Ctlve A —Analysis of market needs and mission & satellite integration. e ——
v" Objective 4: Analysis of market needs and mission & satellite integration.
> Products from PJP technology  Safe
=> high density
v" Technical : propellant

v

gw

Metal propellant => high density propellant

v

On-demand thrust
N Low cost

v

Vectorized thrust

e => Basic architecture

Environment friendly
4@ => inert solid metal propellant and
ROHS process
(Aj ITAR free
=> use of COTS

Traffic in Arm~

v

Thrust adjustable as function of frequency

v

Geometry can be adapted as function of requireme

v

plug & play product

v" Commercial :
Adapted to low

power

=> pulsed plasma
thruster

> ltar free technology

22
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Plasma Jet Pack

PlasmaJetPack

IOD/IOV mission Harbin Institute of Technology T

> The main purpose is to perform a comparison between the on-ground and the in-flight measurements of the PJP
parameters.

> Deliver on September 2019

> In flight since October 2022

> The mission will be done on a 100kg Platform designed by HIT @900km.

24



Plasma Jet Pack

IOD/IOV mission Harbin Institute of Technology B

440z 1LY

Research Centre of Satellite Technology,

f Technology, No.92, Harbin, Hellongllang,

China 150001

COMAT

To the attention of Ludovic DAUDOIS
6 Chemin de Vignalls

31130 Flourens

France

April 4", 2023

Dear M. Daudois,

We are glad to inform you that the Kualzhou-1A solld carrier rocket successfully launched from the
Jiuguan Satellite Launch Center, at 10:24 am on September 6", 2022. The "Micro Space" low-orbit
satelite navigation system 53/54 test satellite was put into ts preset orbit. The launch mission was a
complete success.

AREBMAK, 202249 A 6 BLF 100 205, RA—BERERKFEBRDERH T
LRIMEM, WS EADESMRE 535 RRDERDENEENYL. KIHES WM
.

We certify that Comat's
RATIET Comat AT PIP30 SR 53/54 WA ER ERRES.

On behalf of the whole team warking on this specific project, we would like to address our warm
congratulations to Comat team for this great achievement, marking this. flight the first milestone of
many more to come in our fruitful partnership.

REREBNTiX—. MEBA, Comat EBARGIZ—1F: » &R
EWERAT: & fERISE— AR,

f you have any further questions, please feel free to contact us.
(AT EE T R SRR

Sincerely yours,

HEEAL

Assoclate professor at Harbin Insti hnology

e

s min s FPV g g WENRE WERs wmie MOUEEEES N WL wi ws gowee P ORRIPELSE,
Satellite time Cycle count  Second count Millsecond e - ddress 1Py address || CPeratur Temperatur Temperatur | |:a‘IJ i e Temperature Temperatur Temperatur  impulse . 8)

count e 3 state e 2 state e 1 state pacitor Current mode 1 el e3 volt Residual pulse

charging state e number(LSB,MSB)
07/09/2022 23:51 206 316315 246 11 63 1L normal 17 normal 177 normal 17 normal “F iR idle mode 0 0 220 221 44252
07/09/2022 23:51 206 316315 246 11 63 1L normal 17 normal 177 normal 17 normal “F iR idle mode 0 0 220 221 44252
07/09/2022 23:52 206 316323 247 11 63 1E3 normal 1E7 normal IE7 normal IE 7 normal “E R idle mode 0 0 219 221 44248
g;jggﬁgi; i::; ;22 :iz:g; z:; ﬁ 2: %E :Z:ma: %i norma: %E norma: %i normal  STANDBY#L: STANDBY mode 0 48 219 216 43475
07/09/2022 23:52 206 Siacs o o & Ei ro mal Ei nurmal Ei normaI Ei normal  STANDBY#fx{, STANDBY mode 0 0 218 206 43474
07/09/2022 23:52 206 ity st o & Ei no:mal Ei nurmal Ei normaI Ei normal  STANDBY#fx{, STANDBY mode 0 0 218 206 43474
07082022 23.52 ot s il n & L ; nor:a .i norma i norma .i normal  STANDBY#fx{, STANDBY mode 0 0 219 203 43473
al I normal 1E% normal  IE% normal  STANDBY#{x{ STANDBY mode 0 0 219 203 43473

L a A - A
Flight data are under treatment all performances are not yet evaluated !

25



Plasma Jet Pack

IOD/I0OV mission H2020 B e

v

The main purpose is to perform a comparison between the on-ground and the in-flight measurements with magnetic
nozzle of the PJP parameters.

> The mission will be done on a 6U Platform designed by ISIS Space.

> In-orbit acceptance / verification

o Software validation protocol .

> Main Experiment
o Thrust estimation
o Temperature monitoring
o lgnition rate
o Number of pulses executed

> Launch Q3 2023

26



Plasma Jet Pack
IOD/I0OV mission H2020 s

v" Qualification sequence

Thermal tests Mechanical tests EMC tests
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Plasma Jet Pack
IOD/I0OV mission CNES B e

> The main purpose is to prove the capability to perform vectorisation, attitude control and reaction wheel desaturation.

> The mission will be done on a 6U Platform designed by USpace.
> In-orbit acceptance / verification -
> Main Experiment Vues 3D

o Thrust estimation
Temperature monitoring
Ignition rate

Number of pulses executed
Attitude control

Reaction wheel desaturation

o O O O

> Launch mid 2024
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Project & Figures rome

v’ PJP figures :

v

Presentation : 20 presentations

v

Publications : 10 publications (1 reference about time space expansion of the plasma)

v

Thesis : 1 thesis up to 2026

v

Manufactured model : more than 10 for labs and in orbit demonstration and qualification
> 4 for labotories experiment
> 3 Qualification I0D/IOV H2020 ISIS

> 310D/I0V for Synchrocube French government satellite

30
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Conclusions p——

v' Market target

> We change our market target for the first version of the product : for 6U station keeping (2*60Ns)

> The first fully qualified product will be available by the mid of 2023

v' Architecture
> This architecture allows to qualify independently the two main subassemblies : PSCU, and nozzle

> More evolution are possible with different technology (PPT,P-MPD) thanks to this architecture

v" H2020 collaboration

> The collaboration with European partners is fruitful leading to publications and knowledge improvement directly usable for
COMAT (Magnetic topology etc...)

31



Plasma Jet Pack @COmQt
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Next steps e

v" Focus on technological development

> We propose to be focused on total impulse and technological fundamentals for the next two years. With a fully open

electronic hardware to explore different energy configuration (voltage and current)

v 10V

> A flight model will be delivered for IOV of our first product in 6U satellites : ISIS and USpace

v' Modular approach

> Open the way to different configurations and technologies of nozzles (PJP and P-MPD)

32



Research and Innovation In Actions : ’ ' (—

SPACE-13-TEC-2019: SRC-In-Space e R COmQt

electrical propulsion and station
. INSPIRED BY SPACE
keeping

FUNDED BY

11th May 2023 L o sl g

*

Plasma Jet Pack S ™ EPIG
Overview EPIC 2023 - e

e el it s




	Plasma Jet Pack�Overview EPIC 2023
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20
	Diapositive numéro 21
	Diapositive numéro 22
	Diapositive numéro 23
	Diapositive numéro 24
	Diapositive numéro 25
	Diapositive numéro 26
	Diapositive numéro 27
	Diapositive numéro 28
	Diapositive numéro 29
	Diapositive numéro 30
	Diapositive numéro 31
	Diapositive numéro 32
	Plasma Jet Pack�Overview EPIC 2023

