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?{ Interlocks at ITER

ITER main sources of risk (regarding interlocks):
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?{ Interlocks at ITER

ITER main sources of risk (regarding interlocks):

v Superconducting magnets Mass of 1 TF Coil:
16 m Tall x 9 m Wide, ~360 t

Boeing 747-300
Total Magnetic Energy ~ 100 GJ (Maximum Takeoff Weight) ~377 t
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=7 Interlocks at ITER

interlocks

ITER main sources of risk (regarding interlocks):
v Superconducting magnets

v Plasma:
* Energy / Temperature / Density = internal damage
e Current - disruptions
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=7 Interlocks at ITER

interlocks

ITER main sources of risk (regarding interlocks):
v’ Superconducting magnets
v’ Plasma:
* Energy/ Temperature = internal damage

e Current - disruptions

v Mechanical structure

EieI Tower mass: ~7300 t

VV & In-vessel
components mass: ~8000 t
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interlocks

ITER main sources of risk (regarding interlocks):
v’ Superconducting magnets
v’ Plasma:
* Energy/ Temperature = internal damage
e Current - disruptions

v Mechanical structure

v Plasma heating and fuelling systems
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interlocks

ITER main sources of risk (regarding interlocks):
v Superconducting magnets
v Plasma:
* Energy/ Temperature = internal damage
e Current - disruptions
v" Mechanical structure
e e

v Plasma heating and fuelling systems ——

v Cryogenics, vacuum and cooling systems
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=7 Interlocks at ITER

interlocks

ITER main sources of risk (regarding interlocks):
v’ Superconducting magnets
v’ Plasma:
* Energy/ Temperature = internal damage
e Current - disruptions
v" Mechanical structure
v Plasma heating and fuelling systems

v Cryogenics, vacuum and cooling systems

v" Remote handling systems
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7 Interlocks at ITER

Particularities of ITER interlock systems

1. An eclectic collection of actions
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— Interlocks at ITER

Particularities of ITER interlock systems

1. An eclectic collection of actions
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1. Slow & Medium Complexity — PLC

2. Fast & Medium Complexity — FPGA

3. Slow/Fast & Low Complexity — Current loops

4. Slow/Fast & High Complexity — R&D going on (tbc)
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Particularities of ITER interlock systems

1. An eclectic collection of actions
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1. Slow & Medium Complexity — PLC

o 2. Fast & Medium Complexity — FPGA

3. Slow/Fast & Low Complexity — Current loops

4. Slow/Fast & High Complexity — R&D going on (tbc)
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7 Interlocks at ITER

Particularities of ITER interlock systems

1. An eclectic collection of actions

2. The not-so-safe fail safe states

— lIdentification of safe states after a degradation of the interlock
components is not always obvious and even impossible sometimes
without implying long machine downtimes.

— Interlocks design shall allow early internal failure detection followed by
a controlled sequence of actions

— Setting the interlock outputs in their fail-safe sates is the last option to
be taken

— Intelligent redundancy + self-diagnostics
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interlocks

Particularities of ITER interlock systems

1. An eclectic collection of actions

2. The not-so-safe fail safe states

3. Expensive interlock actions (or when the cure is worse than the
disease)

— Triggering interlocks not only reduces the ITER operation availability but
also the tokamak lifetime

— Example: limited total number of coil fast discharges or unmitigated
disruptions

- ‘Soft’ interlock actions performed in collaboration with conventional
controls and always backed-up by ‘hard’ interlocks
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Particularities of ITER interlock systems

1. An eclectic collection of actions
2. The not-so-safe fail safe states

3. Expensive interlock actions (or when the cure is worse than the
disease)

4. Safety and Interlock Segregation
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interlocks

ITER Defense-in-depth Approach

Interlocks
Plant System [&C PCS Interlock
Functions
Regulation & Plasma
Control Control

Plant Systems
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interlocks

ITER Defense-in-depth Approach

Interlocks
Plant System [&C PCS Interlock
Functions
Regulation & Plasma
Control Control

Plant Systems
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interlocks

Interlocks
Permit / Safety
Inhibit Functions
Plant System [&C PCS Interlock
Functions
Regulation & Plasma
Control Control \

Plant Systems
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interlocks

Interlocks
Permit / PCS loss of Safety
Inhibit control Functions
Functions
Regulation & Plasma
Control Control v

Plant Systems
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interlocks

Interlocks
Permit / PCS loss of Safety
Inhibit control Functions
Functions
Regulation & Plasma
Control Control v

Plant Systems
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interlocks

Interlocks
Permit / PCS loss of Safety
Inhibit control Functions
Functions
Regulation & Plasma
Control Control v

Plant Systems

ICALEPCS 2013, San Francisco, 7-11 October 2013




=4 |TER Defense-in-depth Approach

interlocks

Interlocks
Permit / PCS loss of Cg asrrlr?: Safety
Inhibit control X Functions
seqguence
Functions
Regulation & Plasma
Control Control v

Plant Systems
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7 Interlocks at ITER

Particularities of ITER interlock systems

1. An eclectic collection of actions
2. The not-so-safe fail safe states

3. Expensive interlock actions (or when the cure is worse than the
disease)

4. Safety and Interlock Segregation

5. ITER design not yet completely frozen

— around 130 interlock functions identified and partially developed
- .. but more will come
- Open, flexible, scalable and commissionable design solutions
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7 Interlocks at ITER

Particularities of ITER interlock systems

1. An eclectic collection of actions
2. The not-so-safe fail safe states

3. Expensive interlock actions (or when the cure is worse than the
disease)

4. Safety and Interlock Segregation
5. ITER design not yet completely frozen

6. ITER complex procurement strategy

— One interlock system and 36 countries
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interlocks

A unique feature of ITER is that almost all of the machine will be
constructed through in kind procurement from the Members

Magnets and Vessel

Cryostat, Cooling, Assembly, Maintenance

300
200
100

Vacuum, Tritium, Cryoplant

Power Supplies

| | | JF
Heating, Diagnostics, Control uS &
RF

Buildings KO

CN

JA

EU
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524 In-fund and in-kind procurement

interlocks
Legend ;
POM = Plant Operation Network DAM = Data Archive Network Human Machine Interface
TCN = Time Communication Netwark CIN = Central Interlock Netwaork [ [
SDN = Synchranous Databus Network CSN = Central Safety Network O
AVN = Audio Video Network CODAC CODAC Interlock Safety
Central supervision, monitoring and data handling Torminad Terminal Dask Desk s
] ] I
CODAC Server CODAC Server CODAC Server I
CODAC services 3% Applications j% Archiving j% *
AVN DAN
2 ] | | C
Rest of the world o
C -# PON CODAC CIS CODAC CSS
I i Interface Interface
] ITER Control Group I : :
CODAC Server CODAC Server CODAC HPC Central Central
Plasma Interlock Safety -
CODAC services || Channel Access Control System System
and applications —% Gateway % I |
| |

oy DY | = — =7/
— == &= = o _— . -

.----------ﬁ-----------lﬁmr—"—-—-—-—-ﬂ-ﬂm"—"—-I

' ' ——
Plant System I&C
$P Iat n:n Slow Slow East Fast Interlock Safety I
rlso:t Controller Controller Controller Controller Controller Controller x
s 0
Signal Remote Remote Signal Signal Signal
Interface {I[e] 1o Interface Interface Interface s

Actuators and Sensors -
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interlocks

Legend H
uman
POM = Plant Operation Network DAM = Data Archive Network
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SDN = Synchranous Databus Network CSN = Central Safety Network O
AVN = Audio Video Network CODAC CODAC Interlock Safety
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C -# PON CODAC CIS CODAC CSS
I i Interface Interface
] ITER Control Group I : :
CODAC Server CODAC Server CODAC HPC Central Central
Plasma Interlock Safety -
Caontrol System System

CODAC services | | Channel Access
and applications —% Gateway %
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7 Conclusions

interlocks

The unprecedented technical and managerial complexity of ITER requires an
interlock design where the traditional simplicity of tokamak investment protection
systems has been replaced by a 4-architecture solution with different technological
choices

The ITER Interlock System will most likely be the first machine protection system built
with most of its components provided in-kind from up to 36 different countries

A strong effort is being put in place to ensure that all actors around the globe design,
build and configure the parts of the puzzle to be properly integrated with the central
system

The experience acquired during the design of the ITER conventional controls
(CODAC) is extremely valuable, specially regarding the establishment of standard

hardware, software and methods

The ITER interlock system will complete its final design in December 2015.
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Thank you...
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