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Why Plasma Diaghostic are needed ?

* The ITER machine is still an experimental device dedicated to understand
thermonuclear plasma behaviour and demonstrate that energy gain can be
‘achieved’ (safely ...)

* Three main diagnostic functions: Machine Protection, Advanced Control and Physics

GROUP 1a
Measurements For Machine Protection and
Basic Control

GROUP 1b
Measurements for Advanced Control

GROUP 2
Additional Measurements for
Performance Eval. and Physics

Plasma shape and position, separatrix- wall
gaps, gap between separatrixes

Plasma current, q(a), q(95%)

Loop voltage

Fusion power

BN = Btor(aB/I)

Line-averaged electron density

Impurity and D,T influx (divertor, & main
plasma)

Surface temp. (div. & upper plates)

Surface temperature (first wall)

Runaway electrons

'Halo' currents

Radiated power (main pla, X-pt & div).

Divertor detachment indicator
(Jsat, ne, Te at divertor plate)

Disruption precursors (locked modes,m=2)

H/LL mode indicator

Zeff (line-averaged)

nT/np in plasma core

ELMs

Gas pressure (divertor & duct)

Gas composition (divertor & duct)

Dust

Neutron and a-source profile

Helium density profile (core)

Plasma rot. (tor and pol)

Current density profile (g-profile)

Electron temperature profile (core)

Electron den profile (core and edge)

Ion temperature profile (core)

Radiation power profile (core, X-point
& divertor)

Zeff profile

Helium density (divertor)

Heat deposition profile (divertor)

lonization front position in divertor

Impurity density profiles

Neutral density between plasma and first wall

ne of divertor plasma

Te of divertor plasma

Alpha-particle loss

Low m/n MHD activity

Sawteeth

Net erosion (divertor plate)

Neutron fluence

Confined o-particles

TAE Modes, fishbones

Te profile (edge)

ne, Te profiles (X-point)

Tj in divertor

Plasma flow (divertor)

n'T/nD/nH (edge)

nT/np/nf (divertor)

Te tfluctuations

ne fluctuations

Radial electric field and field
fluctuations

Edge turbulence

MHD activity in plasma core

See: AJ.H. Donné et al., “Chapter 7: Diagnostics,” in “Progress in the ITER Physics Basis,” Nucl. Fusion 47 (2007), S337-S384
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The ITER project defines the Plasma FUSION
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Parameter specifications ENERGY

 The ITER project defines the specifications for each Plasma Parameter to
be measured (or derived). However these specifications focus on the
Diagnostic Set and not on individually diagnostic

Example of Plasma Parameter specifications
- [5551174]

Table MP014: Measurement Parameter 014. Neutron-and-Alpha-source Profile shall
be delivered with the following specifications [5551175]

Condition Range Time Res. Spatial Res. Accuracy
108 — 6x10¥ nm3.s1 1ms a/10 10 %

The following diagnostic system(s) shall be provided to contribute to meeting this
requirement:

« 55.B1Radial Neutron Camera - Primary

« 55.B2 Vertical Neutron Camera - Primary

« 55.B7Radial Gamma Ray Spectrometers - Back-up
« 55.BD Vertical Gamma Ray Spectrometers - Back-up — =2 _ _
« 55.B4 Neutron Flux Monitors - Supplementary individual diagnostic
« 55.B8 Activation System - Supplementary
« 55.BC Divertor Neutron Flux Monitors - Supplementary___

Need to flow down
the specifications to

ITER Document: - System Requirement Document - SRD-55 (Diagnostics) from DOORS
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EU-DA (FAE) = 9 diagnostic systems to be procured

» Collective Thomson Scattering
i 7 . Core-plasma charge-exchange recombination
.@.4,3. spectroscopy

Radial Neutron Camera

Plasma Position Reflectometry

YV VYV

Core-plasma Thomson Scattering

A\

About 40 diagnostic are considered
necessary to meet the Plasma Parameter
Specifications
EU-DA (F4E) = also in the Diagnostics scope:
> In-vessel Services (cables, conduits , connectors etc.)

Wide Angle Viewing System
Magnetics diagnostics
Bolometers

YV V VYV V

Pressure Gauges
EU-DA (F4E) only concept (no procurement)

» 3 upper port plugs, 2 equatorial port plugs » Gamma spectrometer

» Port structures (shielding modules, support structures) > High resolution neutron spectrometer

» Diagnostic integration

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 5
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Diagnostics into Tokamaks — ITER %35 ENCRGY
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ITER (2007)

UPPER
PORTS
(12 used)

UPPER PORT 10 .
X-Ray Survey
Imaging VUV Spe
EQUATORIAL PORT 1 P EQUATORIAL
X-Ray Crystal Spectros TS
Divertor VUV Spectrp P OR TS
X-Ray Survey >
Core VUV Monitor ; (9 used)
Neutral Particle Anal L R
Reflectometry E i OR’ PORT 9

. DIVERTOR PORT 10
> X-point LIDAR

DIVERTOR _
PORTS Scatering

( 9 used) H-Alpha Spectroscopy

DIVERTOR PORT 8
Divertor Reflectometry

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 6
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Environment Compared
with JET
Nuclear: neutron and gamma radiation 2 heating and damage (detailed values—2>nextslide)
Typical neutron fluxes in relevantlocations vary between 10*=10"n/m?s, of which a ~10x
significantfraction is 14MeV neutrons
Fluence ofbetween 102°-10%n/m? overthe lifetime of ITER. ~10°x
The gamma dose rate varies between 102=10°Gy/s in the relevantlocations during ~10x%
plasma operation, and up to 1Gy/s continuously
Nuclear heating up to 1 MW/m’ ~0
Non-nuclear heatloads: plasma radiation and particle fluxes ~ Bx
Long pulse lengths (> 400 s) ~100x

Vacuum, including tritium/safety compatibility, beryllium handling, feedthroughs and windows

Restrictions on materials: vacuum compatible and neutron compatible (e.g. low
outgassing, transmutation to harmless substances, re-weldable afteractivation)

Magnetic field =5 T in vessel, appreciable elsewhere (e.g. 0.05 T where some electronics).

Loads during disruptions: Accelerationsup to 15g (for ofthe order ms) and EM loads (halo
and Eddy currents)

Very noisy environment
Inaccessible = reliability over ITER lifetime - severe engineeringchallenge

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 8
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> Review of EU diagnostic contribution
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Radial Neutron Camera (RNC) "% FOR

ENERGY

: : Reaction Cross-Section
Function: Measures the profile of the neutron 3 e e
emISSIVIty 0: DT i

.. i : PSS
Principles - I = .
S -3t e :
2,3 4 e = [ D(*H ]
0 + 37 — JHe ( 35MeV )+ n” ( 14.1MeV) o of /Ao (*He,p)o: _
D+ — T (101MeV ) +p  ( 302MeV ) 50% & [/ // ]
."/
3 0 -9':/« :/ 1
—~ JHe ( 082MeV ) +n® ( 245MeV ) 50% a / Log scale !
2 3 - 4 + _12’ ! ! 1
‘D * SHe — oHe ( 36MeV )+ p" ( 147MeV ) 1 m s o
E [keV]

‘Typical neutron spectrum Line Of sight from plasma

10" ger—r—r—r——r—r——r——r——r—r—
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< 10k S
= S "
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5 | 2
g 0F ‘ 0
a C
z i
10°E
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T T e e st zigt Example neutron emissivity 2D
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map for the ITER scenario 2
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Radial Neutron Camera (RNC)

Components: Location in ITER
Integrated in Equatorial Port Plug #01

* Long and short collimators

Neutron detector modules & electronic readout _
R&D and prototyping

e Testing scintillator & CVD Diamond

Radioactive calibration source

* Neutron beam dump e PMTs & Preamplifiers
* Auxiliary shielding blocks * Emissivity Reconstruction Algorithm
e Vacuum window assessment
In-Port RNC
Side Drawer Ex-Port RNC

VV Port Flange

Detector

Collimators
Detector

modules

Collimator

Bioshield

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard
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Magnetic Sensors (main systems) i TR

A e 4

Function: Measures plasma current, halo current,
shape, movement, energy

Principles: either using electrical or light signal ~ Faraday effect: In presence of a B, a linearly
polarized light experiences a non reciprocal

rotation of an angle [3 propor[’gional to B.

Lenz Law (induction): voltage is created in coils
embracing a time varying magnetic field

Coil

Considering a closed (N) loop of fiber,
according to the Gauss theorem, this angle is
I simply proportional to the electrical current

R . . .

AAAAA flowing through the sensing coil.
v v, g g g
] > |

T 5:VN3§H+{11=VNI
ntegrator

_ V is the Verdet constant, about 10°® urad/A
V=N A dB/dt @ 1550 nm

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 13
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Magnetic Sensors (main systems) ) EOR
Components: R&D and prototyping
* Winding & Pick-up coils * Final design FOCs completed
* Fibre-optic sensor * Irradiation test of 2" generation IVC (2016)

* Design & manufacture in-vessel HF sensor (2016)
® E Iect ron |CS Tangential

Attachments and clips

* Feedthrough )
aser
. Diode
* Back-end electronics and control N
and data-analysis SW HE sensor head Fmari|z oy PO
Location in ITER A Sontroler  PIas S
* Integrated all around the Vacuum
Vessel
Optical
Circulator
or Twisted
fibre

Inner Vessel Coil Long-Pulse Integrator

Faraday |
Mirror I

Prototype Outer
Vessel Coil
(~400 units foreseen)

Low-Pass Chopping Slghal_ Analogue to Magnetic
filter and section  conditioning digital isolation

attenuator conversion and power
supplying

LVDS level
translation

Plant controller candidate technologies identified

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 14
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Function: Measures ion-distribution
function, the fuel-ion ratio and ion rotation
velocities

Incident

Principle: Scattering Theory: the E and B
components of the incident wave accelerate
the particle, which in turn emits radiation in
all directions.

Thomson Scattering (TS) is a limit case of
Compton Scattering, hw, << m_c? =511 keV

Frequency shift of scattered wave

ws=w; + kv, ; k=k-k;

In case of plasma, coherent scattering effect
can take place :
* incident wavelength: A,

 Debye length A, = \/Lu =7.4 10° /—dﬂ)-
n (m3

* Condition for collective scattering A, << A,

Seminario Cientifico-Industrial ,

Barcelona, 18/Nov/2015, Benoit Brichard
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Incident
electric field Eelectron

S =1 7 -.._ Propagation
‘ i’
EI / A [1‘,'& .
s scattering
Z k ate!
wave / .\L‘)\‘ directions
e A

scattering
angle
Observer

In case of single electron (incoherent)
Scattered power <P> = G sin2 0 <I >
Max power 0=n/2 and o =6.64x102° m?

incoherent

/
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Collective Thomson Scattering (CTS) L

Components (in-port-plug):

Launcher antenna and mirrors
Probe beam

Horn antenna array

Corrugated waveguide components

In situ calibration and maintenance tools

Supporting structures

Receiver mirrors and horns

%
oooo
Sayts

atey
e

Components (out of EU scope):

* High power gyrotron (1MW at 60 GHz)
* Back-end electronics, control & DA SW
Location in ITER:

* Integrated in Equatorial Port Plug #12
R&D and prototyping

* Movable launcher mirror

* Antenna receiver

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 16
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Core-Plasma Thomson Scattering (CPTS) ._;-,,.; EOH

M: Measures e- denSity and temperature 4 E T T LI T T 9‘_I16|0°| ]
(from Doppler broadening) E :13232 E
Principle: F S e T

Thomson Scattering: a photon interact with an
electron and is scattered (randomly) without losing
energy (elastic scattering). Thomson cross section is

weak and, so require power full laser source. | | e

The amount of scattered light tells about the E 40 G000 1000 1200 1400
electron density Example scattering spectrum vs Te

intensity [a.u.]
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Doppler shift: If the electron moves (with respect to
the observer), the scattered light will be either red
or blue shifted at longer (red, e away from the
source) or shorter (blue) wavelengths ().

Vacuum extension pipe
Port plug
\ Input laser path

—

The AA tells about the electron velocity (or
Temperature).

Fiber-optic bundles

Collection optics
Imaging Thomson Scattering: Optics focus on each Boo-shneld/
measurement point along the beam path. JADA and
RFDA are working on synonymous systems for the Y
Edge and the Divertor regions. Diagnostic port layout
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Core-Plasma Thomson Scattering (CPTS) ¢

Components: Location in ITER

* Short-pulse high-energy LASER * Integrated in Equatorial Port Plug
* Fast, sensitive VIS-NIR detectors #10
« Optical components: mirrors, lenses and fibre- R&D and prototyping

optic transmission lines * Mirror cleaning and lifetime
* Mechanical support structures / Beam dump ¢ Collection optics and alignment
* Back-end electronics * High-power fast laser (5J-4ns; 100 Hz)
e Control and data-analysis SW e Radiation-hard Fibre bundle

TOKAMAK BUILDING Diagnostics
Building Laser prototype
a InterspaceBijo-shield Laser Room An i |1

—> ¢—>€— |Limited Access —>
Vacuum Virtual

Port Cell & Gallery

Access 40 m

v

A

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 18



Plasma Position Reflectometry (PPR) L

FUSION

Function: Measures the plasma-edge position (gaps)

Principles
In some circumstances and for some wave modes, the plasma refractive index
Ne is approximately N*=1-a@,?/ @?, with plasma frequency ,?=(n.e?/ gm,).
N Wave with w<a@,? can be reflected. By swiping of a range of frequencies , we can
: get information on the density profile by measuring the phase of the reflected
| Phase-delay measurement
X
X, a 80 GHz .
I FrEq T TN
: i 15 GHz Bistatic e N\,
Cut-off, Anternnas \
,' FM-CW Source —— §§ ":
| Probing /
= . /
f //
Plasma Beam Reference -
| and Ordinary mode
! Delay Cutoff Surface +
0 . Plasma
' Detector —;///

L»fa ‘/7/7 Output Signal

Time

Seminario Cientifico-Industrial ,

Barcelona, 18/Nov/2015, Benoit Brichard
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Plasma Position Reflectometry (PPR) L

Function: Measures the plasma-edge position (gaps)
Components:

* Low power generators
* Frequency sweeping (range 15-75 GHz)

Antennas

Waveguides and waveguides-joints
* mm-wave components (e.g.: detectors, shutters)

Back-end electronics
e Control and data-analysis SW
Location in ITER (4 reflectometers):

* In-vessel (locations known as g4 and g6)
* Integrated in Equatorial Port Plug #10 (g3)

* Integrated in Upper Port Plug #01 (g5)
R&D and prototyping waveguides __
* In-vessel antenna (g4)

e 1200 rectangular waveguide bend
antenna

* Combiner/decombiner 15-70 GHz (g4)

—

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 20



Core-plasma Charge-exchange FUSION

recombination spectroscopy (CXRS) ENERGY

Function: Measures charge exchange reactions Layout of core (EU) and edge (RF) CXRS
between hydrogen and impurity (fast) ions in the systems viewing the DNB
plasma

Principles:

Neutrals are injected through a Neutral Beam Injector
(NBI) and interact with (light) impurities by exchanging
Neutral beam=> plasma A% + DO > Ale-1+{n|} + D*

Decay from excited level Ala-DHnl} > AR’} + hy —

CORE CXRS

EDGE CXRS (UP)

EDGE CXRS (LOW)

The stripped ion relaxes by making a well-known light
transition. Such optical transitions mainly occur in VIS.

BJET Pulse No: 77154

6

Bell 527 CVI8-7 JHps

;

e The intensity of the line tells about the impurity | C525.7

abundance

CVlpass

Intensity (10'® Ph/m? sr nm s)

CP514.346-1c

 The doppler-broadening of the emission line tells N

L | |
about the energy. S S

|
530

41
L
juirt

FIG. 1. (JET pulse #77154, 2 T, 1.7 MA, 21 MW of NBI) Spectrum from a
JET-C central track with total fit (red) and individual lines (green).

S. Menmuir & al. Rev. Sci. Instrum. 85, 11E412 (2014)
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Core-plasma Charge-exchange fd

recombination spectroscopy (CXRS) 245> ENERGY

Collection optics in Upper-port

Components: diagnostic shield  rear optics ISS

module (DSM) assembly

* Reflective and refractive optical components

Supporting and aligning structures
diagnostic
first waIQDFW)

Shutter mechanisms for protection

Fibre optics to transmit light to back-end

shutter actuator

Gerditioning cooling lines

Supporting structures for optical fibres antening

entrance

» Spectrometers and detectors/cameras aperture PONTCHR: (W)
. | hutter (blad

* Back-end electronics, control & DA SW sy shutter (blades)
Location in ITER Example of shutter concept (He

* Integrated in Upper Port Plug #03 actuactor with active cooled blade)

Shutter Outer Fixed & Water Outlet

R&D and prototypes test 4 \Water Inlet
* Mirror cleaning and shutter ' ==

Collection optics and alignment
Radiation-Hard fibre bundle

es
} >

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard
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Bolometers FOR
Function: Measure total radiated power in the Multiple lines of sight enabling 2D
range of x-rays-IR tomography reconstruction of the radiated
power

Principles Energy from Radiation is absorbed by a
metal absorber which heats up and affects the

electrical resistance of the meander. Measurement |
of the electrical resistance change tells about the
radiated power. 2t

s E— == bulk plasm
mmm divertor ple
mmm plasma ed¢

Typical Bolometer configuration

Reconstnucted
Total radiation MWW

1. gold-meander resistor 6. CuCrZr front cooling plate (3mm thick)

2. gold-absorber layer (4microns thick) 7. golden thermal contact layer

3. gold heat resistor layer (~0.1 micron thick) 8. conduction path

4. mica or kapton carrier foil ( ~7 microns) 9.Shapal-M back cooling plate (3mm thick) 2 25 5 =55 &
5 viewing window TR m

S. Kalvin, EFDA 06-1447
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¢

Components:

* Foil resistive bolometer (i.e., thin film technology)
e Camera housings
e Cable assembly with connector in bracket
* Back-end electronics
e Control and data-analysis SW
Location in ITER
* Integrated in Upper Port Plugs #01 & 17
* Integrated in Equatorial Port Plug #01

* Integrated in lower divertor cassettes
* Integrated directly in the Vacuum Vessel
R&D and prototyping

* Mica and SiN substrates
* Wire bonding of pads (Cu, Pt, Au) to cables

e 3D printed circuit board envisaged to bridge connection
from external signal cables to bonded connection on sensor

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 24
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Function: Measures infra-red (IR) and visible light /4‘\%5 _: \
Principles: collect optical IR radiation emitted from Q é; %—L‘
hot surfaces for machine protection function and ./ EE nEE .
optical VIS radiation for plasma/tokamak view ’ | | ;io/
Components: LN/ IEEEaa
* VIS & IR cameras 2 AN
* Optical comp (mirrors & lenses) . R
Example of optical transmission line o VI8

Optical transmission lines st Cassegrain it resles  Fediena

Mirror 1 (Image 1) (Image 2) (Image 3)
Mechanical support structures e runs VISR
Mirror N
Back-end electronics I Reylons 1 Reaytensz || Loy o 0o IR

e Control and data-analysis SW |

(Back Flange) (Bioshield)

330000 —— 554236 — o To be

Location in ITER (4 cameras): o
R&D and prototyping

* Irradiation Testing VIS/IR
transmission/reflective optics
(lenses, coatings, etc...) Glasses and

* Integrated in Equatorial Port Plug #03
* Integrated in Equatorial Port Plug #09

* Integrated in Equatorial Port Plug #12

* Integrated in Equatorial Port Plug #17 . Mirror cleaning and lifetime  optical coatings

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 25
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Pressure Gauges (PG) (main systems) &3 FR

=N

Function: Measure the neutral gas pressure at lon collector IC
various locations Acceleration grid AG
Principles: A hot filament emits electrons which are Control electrode

accelerated through a high voltage grid. The Eilament
accelerated electrons ionizes the “gas”. The
collection of the charges produces a current from
which the gas pressure can be derived (in calibrated
circumstances).

0.4

Base plate

0.35(

P ft¢

DA N-=0
—

0.3r

0.25)

0.2r

IcC*e IC

WOE

0.15f

0.1

00 0.05 0.1 0.15 0.2 0.256 0.3 0.35

Pressure [mbar]

Sensor response of modified ASDEX-type gauges

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 26



FUSION

Pressure Gauges (PG) (main systems) o (B

Components:

* Sensor head assembly (gauge head, mounting
platform, encapsulating box and connector)

e Back-end electronics Schematic of pressure gauge assembly
e Control and data-analysis SW
Housing
Location in ITER (about 52 gauges)
Gauge head

* Integrated in Equatorial Port Plugs #01 & 10

* Integrated in 4 divertor cassettes

. . Support structure
* Integrated directly in the Vacuum Vessel

Cabile tail with

o plug

R&D and prototyping

» Effect on electronics regarding use of long cable
* Filament lifetime (DC current)

* Short and Long term reproducibility test

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 27
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Function: Feed diagnostic sensors located in all
parts of ITER vacuum vessel

Components:

Electrical service transmission lines for both
diagnostic and control signals, including
supporting structures and cabling

Electrical feedthroughs (> 80 units)
Cable tails (>900 units)
Connectors

Location in ITER
e All around the Vacuum Vessel

Prototype and testing

* Development of remote handling connector

* Irradiation testing of Ml cable termination

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 28
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Port-Integration %' ENERGY

Function: to accommodate diagnostic and o —  S— _
services in upper, equatorial & divertor ports = muw B
Design currently on-going for upper-port m N\ T
EP10, UPO1, EPO1, UPO3 and UP17 e —
Components: g

DFW
Cooling

* Structure and support
* Pipes, heat exchanger, cables
* Vaccuum-guard

Port Paug 55 D1
(Bolometer)

Electrical feedthroughs, connector

DFW
(55.U1AR)

L UPPER PORT #1

* PORT PLUG

Port Plug 5514
Divertor Imputity Monitor)

( )

Location in ITER
* In-port based systems

R&D and prototypes

Example of
* Port plug will be tested in port-Plug feedthrough
facility (>2020) design

0102 mm Penetration
Standard Flange

Seminario Cientifico-Industrial , Barcelona, 18/Nov/2015, Benoit Brichard 29
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» Procurement summary and contract opportunities
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Design Effort is currently raising A5z, FUSION
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120 FuII—tlme Equivalents \ias7" ENERGY

=
@ — & CCFE

Z Fraunhofer
“ ICT - IMM @

—*— Institute of Plasma Physics and Laser Microfusion r:‘l“ emy of Sciences MaX-P|aan-|nStltUt
fir Plasmaphysik

. advanced e O | |\/ .
interconnectee solullOﬂS) ’_\L\/_‘ '
AN bEI:C‘"t““IwnG"S MOEGYETEM

1T7T8Z2
UNI
BASEL

ﬂ Centrum vyzkumu Rez s.ro.  o— CRELTE m=—— DTU
Research Centre Rez
Clen Skupiny UJY
Istituto

rEP di _F|S|ca de_l Plasma

"Piero Caldirola"
Consiglio Nazionale delle Ricerche

Yo . o, .
/Z] dom - JJuticH . SN sgenta

DEGLI STUDI
“ VIA electronic Z _'/LV’T WiGner

CONSORZIO RFX
Ricerca Formazione Innovazione

S UNIVERSITA

» All but 1 of the main design contracts in place
» More than 28 Laboratories and Industry in 12 EU Countries

» By March 2015: Design team ~ 300 professionals contributing
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How it all fits together <52 ENERGY

’ 10-Central Team

I Requirements I

Port Design data System Design data I

and decisions and decisions

FPA
R&D — Final Design
Other _ Port Integrator
|O-DAs = Port-system Design FwC Port-system Design FPA — Design support
data w data | R&D — Final Design FwCs
Change/study requests anmee,rmg systems Change/study requests FPA Irrad. Testing
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Prototypes and Procurement £°% Fon
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opportunities for SMEs U3 ENERGY

Each EU diagnostic system contains many 100’s or 1000’s of component

parts in many supply categories:
* Mechanical

* Lasers e SN
\ /-

°*  mm-wave e =

e Cabling and connectors ‘

e Optical

* Spectrometers

e scintillator, CVD Diamonds, fission chamber
* Control & instrumentation electronics

e Calibration sources

* Vacuum equipment

Perhaps 90% of the components are:
v" small-to-medium scale
v" low-order quantity
v custom-built or at least ‘tailored’

Feedthroughs (basic ones): electrical, mechanical, hydraulic and gas...

= More and many opportunities for SME involvement
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Overview of Main tenders 2015-16 : ;3% FOR
ENERGY
Key Contracts (total <40 M€) Final CfT Contract Signature
L Fmevor ontct o Mapufacg Desin Suppon Greprn o ETP 01502 zous
2 System Level Design Core-Plasma Thomson Scattering 2015 Q2 2016 Q3
3 Bolometer Sensor Prototype 2015 Q4 2016 Q2
4  Design and Manufacture of In-vessel and In-cryostat Electrical Feedthroughs 2016 Q2 2017 Q1
5 Manufacture of Outer-Vessel Pick-up Coils (wound coils) 2016 Q2 2017 Q1
6 Design and Prototyping of Bespoke Instrumentation Hardware 2016 Q2 2016 Q4
7 Design and Manufacture of In-vessel Electrical Cables, Clips and Connectors 2016 Q3 2017 Q2
8 Manufacture of Inner-Vessel Coils 2016 Q3 2017 Q2
9 Manufacture of Platforms for Inner-Vessel High-frequency sensors (wound coils) 2016 Q4 2017 Q3
10 Plasma Position Reflectometry Captive Transmission Components (ex-vessel) 2016 Q4 2017 Q2
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Overview of Main tenders AFTER 2016 s EI(\)IERGY

Final Contract
CfT Signature

Key contracts (total < 70 M€)

1 Core-plasma Thomson Scattering (detailed design & manufacture) 2018 Q1 2019 Q2
2 Visible/IR Wide-Angle Viewing System (port plug components) 2018 Q2 2019 Q1
3 Front-End components for Low Field Side Collective Thomson Scattering 2018 Q4 2019 Q3

4 Core-plasma Charge Exchange Recombination Spectrometer (port plug components) 2019 Q2 2020 Q3

5 Visible/IR Wide-Angle Viewing System (optical components — ex-port) 2019 Q4 2021 Q1
6 Bolometer Cameras 2020 Q3 2021 Q3
7 Core-plasma Thomson Scattering (lasers) 2021 Q1 2022 Q1
8 Neutron Detectors and Calibration Sources 2021 Q2 2021 Q3
9 Actively Cooled Structures & Support Structures for Port Structures 2021 Q4 2022 Q2
10 Port Assembly 2021 Q4 2022 Q3
11 Core-plasma Charge Exchange Recombination Spectrometers 2022 Q2 2022 Q4
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The broad picture S JEORI

2014 | 2015 [ 2016 | 2017 | 2018 | 2019 |2020 | 2021 | 2022 | 2023 | 2024 12025 2026 |
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Thank you for your attention

Follow us on:

www.f4e.europa.eu

Q www.twitter.com/fusionforenergy




