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Challenge N1: ITER performances

The principal goal:
To design, construct and operate a Tokamak experiment at a scale
which demonstrate the scientific and technological feasibility of
fusion energy

 ITER is designed to confine a plasma in which a-particle heating
dominates all other forms of plasma heating

=2 ITER will be the world’s first experimental fusion reactor with a self-
sustained burning plasma of several hundred seconds (Inductive
operation) to several thousand seconds (Non-inductive operation)
duration.

High precision measurement systems working have to
operate in the same environment of high power radio
frequency heating systems and high magnetic field.
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Challenge N2: Nuclear installation

B/, T'-—_,_> D2,T2 Fuel
ITER Plasma: N &
Wy f?'%
R/a: 6.2m/2m y/ N\ | I
() \ “—— ankKet:
Volume: 830 m? I DT\ neutron absorber
Plasma Current: 15 MA L A
. Power Plant
Toroidal field: 53T | Ll Li->T
| : e+f(3.5MeV).‘,'n High temperature
Density: 1022 m-3 \n(1amev) //f/ |

Peak Temperature: 2x10% K
Fusion Power: 500 MW

Divertor:

Plasma Burn 300-500s —__particle and heat exhaust
(“Steady-state” ~3000 s) He, D,,T,,
impurities

RCC-E code is a reference for EMI and shielding

ITER is classified as nuclear installation, and
must comply with the French nuclear design
rules, including electrical and EMC requirements
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Challenge N3: Complexity

Shielding Blanket Modules
Be - S/Steel

Central Solenoid
Nb,Sn-SC

\—

. . . Port Plug:
Poloidal Field Coil Ill “ H&CD, Diagnostics

Nb;-SC

= inﬁim.'u!mnlmn—niﬁi.i::i;. o

“ m.m 1 q llql“

i x\\\\\\\\\\\ \

---,

Internal coils:
|| ELM & RWM control,

Toroidal Field Coil Vertical stability

Nb,Sn-SC

Cryostat
S/Steel

Torus Cryopump

Vacuum Vessel Divertor
S/Steel CFC - W - S/Steel

Vacuum vessel, Cryostat, bioshield and galleries
are very high density zones with huge number of
mechanical and electrical devices
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Challenge N4: World wide project

90% Procurement in-kind by the partners

na eu india japan korea russia usa ‘ SOFE Conference, 28" June 2011, Chicago
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Challenge N5: Machine size

ITER (2 football fields) JET (0.22 football fields)
LI

e A —

s i A

e (N~

ITER will be 10 times bigger
than any Tokamak built in the last 30 years

‘ SOFE Conference, 28" June 2011, Chicago Page 7




Codes and standards

* RCC-E: Design and construction rules for electrical equipment of nuclear islands.
®* |EC 61000-5-2: EMC-Installation and mitigation guidelines - Earthing and cabling
* |EC 62305-1 to 4: Protection against lightning

®* |EC 60364-5-54: Electrical installations of buildings. Selection and erection of electrical equipment-
Earthing arrangements, protective conductors and protective bonding conductors .

®* |[EC 61000-6-2: EMC-Generic standards - Immunity for industrial environments.

®* |EC 61000-4-16: EMC-Testing and measurement techniques - Test for immunity toconducted,
common mode disturbances in the frequency range 0 Hz to 150 kHz

®* |[EC 61000-6-4: EMC-Generic standards - Emission standard for industrial environments.
* ITER specification for conducted emissions 30 Hz to 30 MHz

 ITER test specification for Magnetic field compatibility tests
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Immunity |

IEC 61000-6-2, IEC 61000-4-16, IEC 61000-4-13

1T Maximum permanent rms voltage between equipments
L kV
100V 1 s duration
10V ~
1V N =
0,1V
< 61000-4-16 > 61000-4-6 —

DC I10Hz 100Hz 1kHz 10kHz lOOl&Hz II\IHZ lOI\JHZ lOOI\JHz

For fast transients (t, = Sns / t;, = 50 ns), the voltage 1s 1 KV for

signal ports and 2 kKV for power ports (according to 61000-4-4)
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Immunity Il
dB/dt -> IEC 61000-4-8

Location Continuous Short-duration
Port-cell 23 mT/s 77 mT/s

Tokamak building 2.3 mT/s 7.8 mT/s

(except port cells)

But specific test for equipments t > 7 ms

B (120 mT - 5 mT)

!

Supplier certification Change location
o > o
Custom test Magnetic shielding
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Emission

Based on
« MILSTD 461 CE 101-2
« |[EC 61000-6-4
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Bonding zones

XTI

= @
- — ol "‘ LCZ | : ==

- Mesh-CBN =+ ‘ -

= =

Mesh-CBN: Common bonding network
LCZ: Loop Control Zone
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Loop Control Zone (LCZ)

* Applies within cryostat and vacuum vessel

to prevent loop currents that could distort the magnetic
fields that contain the plasma

* A single bonding path per item of equipment
(“single-point bonding”)

* Equipment isolated at 0.5 kV

(max. loop voltage during worst-case plasma disruption: 250 V)

* Exceptions are treated case-by-case
(e.g. ports, blanket)

SOFE Conference, 28" June 2011, Chicago



Mesh-Common Bonding Network

GENERAL EARTHING DIAGRAM

Buried Earthing Network
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Figure D 4410-f1: General earthing & grounding network diagram
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Mesh-Common Bonding Network

LF: low Mesh-CBN impedance
HF: shielding & mutual inductance

Protecting electronic cable ports by providing
avery low transfer impedance in the MESH-CBN

{Ref: “Protection of Electronics in High-Power Installations: Theory, Guidelines and Demonstrations”, P C Tvan der Laan,
AP Jvan Duerson (Eindhoven University of Technology), CIGRE Symposium, Lausanne, 1993, paper §00-08”

Signal cable has identical Vs Very close coupling from : "
induced in it — without duct and shield all along gﬁg’gfel:{:;
carrying any transient current, signal cable creates mutual
protecting the electronic unit inductance, effectively Its enclosure or
' a 1:1 transformer frame is bonded
\ / tothe MESH-CBN
!
e e e Unit’s

internal “0V”
Reference

| Long signal cable I

short-circuit Vg develops ass/c i
mtosite’s current flows through the Site’s MESH-CBN includes all signal cable
MESH-CBN MESH-CBN's impedance ducts and shields, bonded to the CBN

at both ends (at least)
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Mesh-CBN

Re-bars (1x1 mesh in Tokamak): Ry.<1 mQ, L=1 uH

&R TS e
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Mesh-CBN

Hexagon bolt M10

Lug for round cable of
diameter 10mm

U-clamp terminal for large
diameters

Steel bar of the
reinforcement concrete

Round cable
(diameter 10mm)

Anchor plate

Thread M10
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Mesh-CBN

Metal window and door Structural steelwork _— Bonding conduc
frames, cladding, including rebars and BRCs
roofing, etc.
| N V/4
Plumbing and .
pipework 2
7. =X
L
o - — o)
Cable ducts, trays, =12 S &
conduits, etc. g
Bonds across 17/
non-metallic pg &&
pipe sections & 7 .
Bl 4 Air ducts, vents, flues

chimneys, etc.
*

Gratings, ladders,
walkways, fences,
. railings, etc.
eeeoae et ey arteyateaateses |

Short bonding conductors used
where direct metal-to-metal

fixings or welds are not practical

i AMESH-CBN from natural metalwork,
(based on a drawing by Alain Charoy
a.charoy@aemc.fr)
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EM Zoning

Plan view of Tpkamak complex, showing the EM zones (which rise the full height of their buildings)
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* Bonding at boundary EM Zone 0/1 uses:

direct bonding to Mesh-CBN; shielding; filtering;

surge protection; galvanic isolation, etc.,

all mounted on a “ZBBP”
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A “Zone Boundary Bonding Plate” (zespr)

This is Example of a metal
“Zone Boundary Bonding EvaT : :
o ples of filters, isolators, Surge
EM Zone 1 Plate™ (ZBBP) Protection Devices (SPDs), etc.

\ i

wall behind, from
EM Zone 0 e ZBBP bolted directly to
0l | ol Hl W at least two fixed

The cables are

bonding terminals, that
each connect to the rebar
mesh in the wall

%

Examples of filters or

isolating transformers

Examples of direct

metal-to-metal bonds
for all cable shields, | |
armour, armour,  |j @2 Cable trays/ducts bonded

pipes, ducts, etc.

directly to ZBBP with screws,
or short wide straps (as
shown)

One at each corner plus
others to give < 50mm spacing
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Another view of the example ZBBP

|EM Zone 0|< >| EM Zone 1 |

Cables pass through hole in wall Metal “Zone Boundary

to-metal bonds for all

and cut-out in ZBBP AN : / Bonding Plate” (ZBBP)
* Example of direct metal-
_H _/ cable shields, armour,

- 5 armour, pipes, ducts, etc.
Cable trays or ducts bonded /@] } : [ @j\ Examples of isolators,

V4 \ filters, SPDs, etc.

fixed bonding terminals

to nearest fixed bonding / :
terminals with short wide
braid straps from each corner / / . ZBBP bonded to at least two

Fixed bonding terminals bonded
to the meshed reinforcing bars
in the concrete wall

Cable trays/ducts bonded
| directly to ZBBP with screws,

or short wide straps (as shown)

Example of concrete wall between > : One bond at each corner plus
EM Zone 0 and 1 others: < 50mm spacing
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The EMC Zone 1/2 boundary
(bonding to the Machine)

Copper braid straps on both sides of cable tray |
Inside the Tokamak
“machine”, in the LCZ

Vacuun

pire
=

AN

Shielding gland
for the cable’s
overall braid, or
for an overbraid

Unshielded cable connectors
use a shielding box

Hermetic circular connectors
(“vacuum feedthroughs”)

example: |3

\
Shielded flexible conduit |
\ Example of a cable overbraid |
| = Zonels | Circular shielded cable connector with 360°
clamping of cable’s overall shield braid,
EM Zone 1 | or 360° strapping of an overbraid

Page 22
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Cubicle bonding

. Signal control and data cables
LV mains cables (tray cover removed)
(redundant mains supply

shown)

360° shield-bonding glands
at both ends of the flexible
shielded conduits

Top of
cubicle
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Cubicle bonding

This sketch is in partial cross-section Uncovered cable tray LV mains cables

Covered cable trays for signal,
control and data cables

| —

S~ Unshielded

cable glands

Mains cable enters | Braid straps

Shielding cabinet and mains from each
Heavy-duty braid straps flexible filter through side of tray
from each side of tray conduit a 360°-bonded
metal tube

1 im0 Ll
forIIJRLl\-'b%::ging o srgielﬁd T
cable shields , mains filter
(two fitted side-by-side
360° shleld bonding on somelcabineis T
EEEEE EE conduit glands, in cable )
EEEEE EE tray and top of cubicle
EREENERN HE
EEEEN HR Cable shields exposed and reliably
EEEER PR ] electrically bonded to the DIN Grid by
EEEER 4 m clamping to its surface
EEEER . E.g. using metal saddle-clamps or
L ik m B P-clips, very close to where the cables
EEE l@ N enter/exit the connector panel
EEEE = HE
EEEER HE Cubicle
EEENEN [ N | (upper part of)
Example of ~
EEENER HE

DIN-rail terminals
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Cubicle bonding

External roof Internal roof
- Cable glands

Telequick
grill

Flexa entries

Earth connexion
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Experiment in Alcator C-Mod Tokamak

CANADA
= Seattle
» Portiand Minneapolis =
Detroit g
i A Cape
STk Gy UNITED STATES Chicagos Cleveland New Yorks  *Cod
Napa = Denver = " Pphiladelphia  *Atlantic
«  Reno Colorado Spra Kansas Citys  Cincinnati = . City
« San Francisco Aspens= « Baltimore
Santa Las Vi =Branson ~ Washington DC
Barbara = Las Vegas «Santa Fe Moo =Nashville
Los® o Csaer?onr?-' = Albuquerque ''emPhIs =
Angeles 3 -°"°"% phoenix Dallas = = Atlanta
San Diego «Tucson a> O[I;Jew
Austine R
San Antonio = ~ Fort Tampa
Houston Myerss®
Orlando® = Fort Lauderdale
Mexico Key West « * Miami
Cuba Bahamas

®World Guides

0 uOhm (ITER 10 uOhm)
(ITER 500 ms)
(ITER 15 MA)
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Experiment in Alcator C-Mod Tokamak

Cubicle shield

Air Inner shield l Cubicle
. \

*Mﬂx ;’C'i‘x Preamplifier

g e s e o Ve DDC)D@
|

Q S Ve Ve e e e 4

i 5115

EMC
filter

Mains
— Distribution
board

P

Diagnostic MESH-CBN
- Cable
Shield tray
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Cable segregation & rules

Very-Sensitive Very-Sensitive Very-Sensitive

Non-SIC Train

___ MV Power ~— (1) — MV Power «— (2) —— MV Power
30/cm | |

LV Power i LV Power LV Power
30/cm ;

:: Non-Sensitive Non-Sensitive Non-Sensitive
30/cm | ;

:: Sensitive Sensitive Sensitive
30/cm

Cabling design and installation rules (ITER Report IDM: 335VF9)
« Cable tray installation

« Cable installation (separation & segregation rules)

« EMC

Page 28
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Conclusion
Safe design (RCC-E)

Design following high-power industrial well-
proven methods

N —

Immunity & Emission control
Mesh-CBN outside cryostat

HF Shielding for diagnostics
Cable segregation

o O kW

Many fusion experiments with Single-Point-Earthing ...
But largest fusion facilities Multi-Point-Earthing ...

... If wrong choice > 10 years of work after installation
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Thanks for your attention
Any Question ?
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