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Integrated Control System Overview

90 % in-kind (101 procurement arrangements with Members)
Integrated Control System has 18 subsystems and 171 local control system

(delivered in-kind)

Segregation of conventional control, protection and safety

5000 Instrumentation and Control Cubicles (or cabinets)

Few hundreds of thousands of input/output points
Millions of process variables

Slow industrial control (<50 Hz)

Fast plasma control (> kHz)

Data streaming and archiving (> GB/s)

Time stamping (<50 ns RMS)
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Commissioning Schedule .

sweden

Nov 2016 | Electrical Power Distribution System (ELEC) Nov 2024

Jun 2018 0 Control System (CTRL) ] Apr 2024

Auxiliary Vacuum (AVAC)

sun 2023 | Oct 2024

In Design and Construction phases, Diagnostics (DIAG)

but also in
Tokamak Primary Cooling Water System (TCWS)
Commissioning and Operation phases vay 2023 | . 2025
Aug 2022 | Tokamak Monitoring System (TMON)  Dec 2024
Tokamak Vacuum (TVAC)
Electrical distribution in operation since Jan 19 un 2024 S Dec 2024

s 2020 |50 it e iippies (MAGRI M ] Dec 2024

sep 2024 [ pec 2024

Integrated Commissioning
Jan 2025 | | Dec 2025

Cooling water commissioning starts Jan 20

Closure of cryostat First Plasma
Dec 2024 Dec 2025

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Today.
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Electrical — First plant system commissioned and in operation o
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Challenges )
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* Integration

— 171 local control systems, 101 suppliers with sub-contractors

¢ Size
— 5000 I&C cabinets with hundreds of thousands of input/output
points
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Standardization S

sweaen
PCDH core and satellite documents: v7
PS CONTROL DESIGN
Plant system 1&C architecture (32GEBH)
seresoon iy 75 B sty
Guidelines for PIS design (3Pz2D2) Y ( ) : 1&C FONVENTDNS
Guidelines for PIS integration & config. (7LELG4) I&C Signal and variable naming (2UT8SH)
Management of local interlock functions (752vTY) ITER CODAC Glossary (34QECT)
PIS Operation and Maintenance (7L9QXR) ITER CODAC Acronym list (2LT73v)
 J ] y PS SELF DESCRIPTION DATA
O G A FSINIGDINTROLS > Core PCDH (27LH2V) < Self description schema documentation (34QXCP)
Guidelines for PSS-OS design (C99J7G) "
Plant system control philosophy
Plant system control Life Cycle PS CONTROL INTEGRATION
Plant system control specifications < The CODAC -PS Interface (34v362)
i i i PS I&C int i lan (3vvuow
CATALOGUES for PS CONTROL CODAC interface .s;.JeC{ﬁcatlons Integration plan ( )
Interlock 1&C specification ITER alarm system management (3WCD7T)
Slow controllers products (333J63) = : .
Safety I&C specification ITER operator user interface (3XLESZ)
Fast controller products (345x28) — —
. A Guidelines for PON archiving (B7N2B7)
Cubicle products (35LxvZz) -
Int tion kit for PS 1&C PS Operating State management (AC2P4J)
ntegration Xt tor (CBXSAF) Guidelines for Diagnostic data structure (354SJ3)
PS CONTROL DEVELOPMENT
1&C signal interface (3299vT)
- : Legend
PLC software engineering handbook (3QPL4H) -
Guidelines for fast controllers (333k4C) Th's_ document
Software engineering and QA for CODAC (2NRS2K) Available and approved
Guidelines for I&C cubicle configurations (4H5DW6) (XXXXXX) IDM ref.
CWS case study specifications (35w299)
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https://www.iter.org/mach/codac/PlantControlHandbook

HW Standardization DG e

sweaen

Principles:

« Commercial off-the-shelf (COTS)

« Select market leaders

* Negotiate strategic agreements with selected suppliers

Why?

« Maintainability and Upgradeability
« QObsolescence management

« Retain competencies
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|&C Cubicles (or cabinets) .

sweden

Sclyeider

Quantity: 5000

Qualified for ITER
— EMC
— Environment
— Seismic
— Mounting
— De-commissioning
— efc.
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Networks Do o

sweaen
T . Plant Operation Network (PON)
Quantltles . General purpose command, status, archive,...
— 300 km single-mode multi-core fibers (Gbps Ethernet)
— 170 km multi-pair copper cables

Synchronous Databus Network (SDN)
— 350 switches Distributed feedback control
(10 Gbps Ethernet, cut-through UDP/IP multi-cast)

Time Communication Network (TCN)
Absolute time synchronization
(Ethernet IEEE 1588 2008, timing boards)

_— 2L Sl Data Archiving Network (DAN)
—— High volume data archiving (10-40 Gbps Ethernet)

J
|

Central Interlock Network (CIN)
Industrial Ethernet, Hardwired

§o=~  Central Safety Networks (CSN)
“““““ Industrial Ethernet, Hardwired
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Slow Controllers (PLC) o

Industrial control
(cooling water, cryogenic, vacuum,...)

e S7-300/S7-400/S7-1500 series
o Step 7/TIA portal

SIEMENS
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Fast Controllers S

sweagen
PCI express
Separation of CPU and | LShie Ethemet PON
I CPU/Network chassis: ~—
InDUUOUtDUt -4U PICMG 1.3 l

DAQ: kS/sec - GS/sec

. . Bus Extension
Optional high performance _; -0,
network interfaces

Timing (50 ns RMS)

Distributed control loops
(latency < 50 ps app to

Optional SDN/DAN
10 Gb/s Ethernet

I/0 Chassis:
- PXle-1065

I/O from catalog:

app) :(P))o(rlnpactPCI
Bulk data transfer > 2 GB/s - PXI Express

Big Science Sweden November 2019

Page 12
© 2019, ITER Organization



Fast Controllers S
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Perf. Grade | ac : ;
1 1
1 ! :
Interconnect 1 PCle — PXle I/O i |[PCle - MTCA.4/uRTM ! ||/ATCA w/ Extns. for
1 .
Technology 1 PCle - cRIO I/0 || PCle-PXlelio || ! Physics
- :
(product range_ coverage) !
1 1
! :
| 1
| I
| |
1 1
1 1
1 1
1 1
! :
|
! e |
| :
| 1
: : !
1 |
Slow Controller ! Fast Control : Diagnostics » Diagnostics an
1
(PLC) 1&C ! 1&C and : Data + CODAC System
application : Interlock E Acquisition ! tasks
I .
range | (ex. ICH) | (ex. Magnetics) (ex Plasma Control
| X . System)
o0 000 ‘ .......................................*
Control loop freque cy, Processing power, Network capacity, Real-time constraints, Complexity, Price, Availabllity
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Fast Controllers oG
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« CPU (Industrial PC)
« 1/O chassis (PXle, cRIO, uTCA)
« Network interfaces

 Input/outputs (DI, DO, Al, AO)
(channels, resolution, sampling,...)

« Camera Link / GigE Vision

Estimate of ADC channels and Data

Bits : Datasheet @
ENOB : Bits 1 5FS # channels required
:

Bit

Labview FPGA 18 ooy Mot oo A
PTP (IEEE 1588 2008) 16 ChogD e ado s e ot 0

"\‘T
TE CHNOLOGIES ' ' 40 GB/s laveragel
Eve <16B/s(raw) 6 GB/s (raw, pepk,0.D.) 1GB/s (measur¢d)

SOLARFLARE® 2!GB/s (measurefl)

‘7NATIONAI. = o a—
. ! Fusion Products  Thomson '
'NSTRUMst 5:hrDFf-R , . 12 - __________.§ ___________ i _____ §EE_C}E°$§QE!________S__@
/ \ Innovative ; 5 3 800 {58/ (peak
- veteme ' ! ! 1068
w? ecrin systeme T T S e R S f;.:h‘a*’ ®
SYSTEMS Chelsm&‘% P Sum = 40 (100 0.D.) GB/s ' .
Communication: ! : X >
T aceetecte - 0.1 1 10 100 1000 MS/s
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Needed competencies and capabilities = .

« Competencies in ITER selected technologies
* Diagnostics may have special needs (niche market)
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Upcoming procurements )
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* Engineering support in many different areas
* Servers and control room
* Diagnostics
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Summary

Technologies well established
High level of standardization
COTS

Opportunities in niche markets, particular Diagnostics
— Many Diagnostics still to be designed

— Environment (radiation, static magnetic field,...)
— Special cables

Big Science Sweden November 2019
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Opportunities

o]
sc?e ce
sweden

ITER Organization Business Opportunities
— https://www.iter.org/proc/overview

ITER Organization Jobs Opportunities
— https://www.iter.org/jobs

ITER Project Associate (Academia OR Industry)
— https://www.iter.org/jobs/IPA

Fusion for Energy (F4E) Business Opportunities
— https://fusionforenergy.europa.eu/procurementsgrants/iterlO.aspx
— https://industryportal.f4e.europa.eu/IP PAGES/ehome.aspx
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