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principle of magnetic
confinement Tokamak plasma confinement device
Both ions and electrons, of which the plasma Central solenoid -~

consists, have electrical charge and move
spirally along a magnetic field line by nature.

Without Magnetic Field
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@ Discovers from many medium size
devices and theory progress :
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The ITER Project

moyving forward at full speed

Bernard Bigot
ITER Director General
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Who manufactures what?
The ITER Members share all intellectual property

Cryostat

Feeders (31)
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Poloidal field coils
(6)
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Divertor

Correction coils (18) i ] N - F
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39 Buildings, 180 hectares
10 years of construction
20 years of operation
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Tokamak System Integration
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Cleaning facility building 17 Assembly hall 13 TOKAMAK building 11

 Introduction of the Tokamak components in Building17;

d Preparation and sub-assembly of the sectors in Building13;

d Transport of the sector sub-assemblies via 2x750 ton crane to the Tokamak Pit;
4 Final assembly of the components/sub-assemblies in the Tokamak Pit.
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_Recent on-site,achievements:
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~| Before being the machine, the components will be prepared
and pre-assembled in the building of 6000 m2 up to 60 meters. The 730-ton
roof was put in place September 10-11, 2015.
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B747-300
(Max. TW) ~377 t

« 48 superconducting coils

— 18 TF coil
Mass of (1) TF Coil : — 6CS ,%%Idsmes
16 m Tall x 9 m Wide, ~360 t — 6 PF coils

— 9 pairs of CC


http://image067.mylivepage.ru/chunk67/1488486/1086/Boeing 747-31 1.jpg
http://image067.mylivepage.ru/chunk67/1488486/1086/Boeing 747-31 1.jpg
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Table 1.1-1 Overall Magnet System Parameters
Number of TF coils 18
Magnetic energy in TF coils (GJ) ~ 41
Maximum field in TF coils (T) 11.8
Centering force per TF coil (MN) (__100m) 403
Vertical force per half TF coil (MN) 205
TF electrical discharge time constant (s) 11
CS peak field (T) 13.5
Total weight of magnet system (t) 10,135
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Japan is manufacturing half of the 18 giant toroidal field coils needed for ITER. Here,
the D-shaped pancake windings are heat treated at 650 °C for 100 hours to react tin
and niobium to form the superconducting compound niobium-tin.
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Manufacturing progress
Korea

In Korea, where
two of nine
vacuum vessel
sectors are under
construction,
welding is carried
out on the upper
section of an inner
shell—only a small
piece of the full
component.
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B ]
ITER Cryostat Overview
Factory Site Workshop In-Pit
Fabrication Fabrication Assembly

fi""m

O ITER Cryostat forms a vacuum tight container, surrounding the entire Tokamak Machine
subjected to external pressure and designed to evacuate to a base pressure of 1x10 Pa;

O Cryostat supporting system is designed to provide the support to Superconducting
Magnet System and Vacuum Vessel. (Cryostat Dimension: ~ 30m high, 30m diameter)
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* (2030 start operation)

: /* (~2050)
o

Phase | |

Advance PFC, steady-state advanced operation

Advanced divertor, high power H&CD, diagnostics

Disruption mitigation, basic plasma

|

L L L L L |

1GWe, Power
Plant Validation

I:\ Q=1-5, steady state, TBR>1, >200MW, 10dpa
[
11y DEMO validation, Q>10, CW, 1GW, 50dpa

t

Q=10, 400s, 500MW, Hybrid burning plasma
Q=5, 3000s, 350MW, steady-state burning plasma

— J

2020

2025 2030 2035 2040 2045 2050

2055 2060
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B.=4.5-5T;

l,= 7-10MA;

R =5.7m;

a=1.6m;

K= a/b=1.8~2.0;

Pn ~2.-3 7 0 g523;
Triangularity 6= 0.4-0.8;
Single-null diverter;

Neutron wall loading ~0.5MW/m?;
Duty cycle time = 0.3-0.5;

TBR ~ 1.2

Possible upgrade to R~6.0 m,
a~2m, B=5T~7T, |,~14 MA
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Remote handling

Crxostat
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e Advanced data compression
technology

e Complete data sharing

* Remote design on any terminal

on the internet

® Centralized data storage

e High correlation and
traceability

® Safe and data tolerant

® Frequent 3D stereo review
e No need of physical mockups
® Inaccessible positions in

reality become examinable

3D-CFETR .wmv
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Parameter ITER-Like | Super-X ITER
Number of TF coils 16 16 18
Plasma current (MA) 10 10 15
Central magnetic field(T) 5.0 5.0 5.3
Maximum current of TF
coil (kA/turn) 67.4 67.4 68
Major radius(m) 5.7 5.7 6.2
Minor radius(m) 1.6 1.6 2.0
S s | 1415 1.415 2.055
Maximum \olt second 160 160 240-250
Elongation 1.8/2.0 1.8/2.0 1.70/1.85
Number of PF coils 6

Eront U-shaped
structure

Back U-shaped
structure

The magnetic quC

distribution. The
maximum B of CS coil
isabout 12T

0 2 4 § 8 10 12

e

™ Tightening Tie Plate
block

Front inner
panel

[]

The maximum of stray
field in plasma areais
about:d4 GS []

Z(m)

Bottom support
structure

3
R (m)




Present State and Future Plan for Nb;Al Superconductor

Our Current Level

LTD Nb;Al strands:
Cu-matrix; Dia.0.70-1.20
mm; 700—1000 m;

18 filaments; J. (4.2K,

15T)=200-300 A/mm?
for long strands.

MATERIALS

___________________________

Nb-;Al magnet with

Outer Dia. 65 mm.
Height 120 mm

MAGNETS

Aim within 3-5 years

RHQ Nb;Al wires:
700-1000 m; Dia.0.70-1.20
mm; 18 or 48 filaments with

Cuwrap; T=18.0K,
J.(4.2K,15T ) = 600-800
A/mm? for long strands.

16T or 18T Nb,Al High-

field Solenoid Magnets |—

with React and Wind
process.

afield of 15.2 T;
Bore size 20 mm,

100-200 m NbsAl CICC
with Dia.42.6 mm and

Operation Current of 46 —

kAat13 T

‘ and Wind Nb;Al

Aim within 5-8 years

RHQ Nb;Al strands:
2000-3000 m; Dia.0.70-
1.20 mm Cu stabilization;
48 or 56 filaments;
J.(4.2K, 15T) =1000-1200
A/mm? for long strands.

Full-size React

Insert for CFETR
DEMO with a field
of 15-16T.

WE HAVE A DREAM! Full-size React and Wind Nb;AI TF
and CS coils for DEMO within 8-10 years.




|
COILS | RGm) | Z(m) | AR(m) | AZ(m) | TURNS ||
Ccs1u 1.625 0.7 0.85 14 476 i
CsIU 1.625 21 0.85 14 474 i
|
el |
ClSSU 1.625 35 0.85 1.4 476 i Max-zo T
Cs4U0 1.625 49 0.85 14 476 !
CS4L 1.625 -4.9 0.85 1.4 476 i
|
CS3L 1.625 -3.3 0.85 1.4 476 i
CS2L 1.625 2.1 0.85 1.4 476 i
|
CSI1L 1.625 0.7 0.85 1.4 478 i
| o
a8 RS | -
T ITTIRGS | o3t
" ] N 1
T T |
- ! 2
o N 4y | N
8 ; !
|
|
| 1
|
|
i e
! " F N - 5
| Bi2212 strands cabling and CICC structure
[ S I et i W i v ity ey
|
i Parameters HTS coil
! Centerline location R'm 1.625
i Total turns of each coil 476 turns, 14 DP(34 turns)
L LA{LILh Y i Number of Superconducting wire/turn 525
= ! Minimum piece length 400 m
i Cable configuration (lscHl Cu) XIXKFHEKT
. , . i Dimension of each turn/m 46 mm ¥ 46 mm
Bi2212-High temperature Superconducting Central soleumdi Operation current of each fum/kA 31.00
! .
o ) . . o Operation current density /A/mm?® 200
CS coils include eight Bi2212 coils. Each coil B/ T 20T
|

consists of 14 double pancake
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CFETR ZEBHNZSMA1HE

B=4.5-5T;
|,= 7-10MA; I

R =5.7m; |
a=1.6m: Bi-2212
K=ab=18~20; | NDO3Al

Bn ~2.-3 5 Q95235
Triangularity 6= 0,4-0.8;

Single-null diverter;

Neutron wall loading ~0,5 /m?;
Duty cycle time = 0.3-0.5;

TBR ~ 1.2

Possible upgrade to R~6.0 m,
a~2m, B=5T~7T, |,~14 MA

1123,5

10250

!

3750

9370

3704

3150

2870

F Y Y Y ¥

6998

P

7642

2730

| |

1856.3

/

1740

| |

1090

|

o742 | 2742

6998
7e4e

p—
-

7698
7942

L3109,

5459

. 7640

9400

11542




CFETR ==

A torus shaped double wall structure;
To provide high vacuum for plasma and
primary radiation confinement boundary;

- To support in-vessel components

- Important space of the Vacuum Vessel for
plasma;

- First safety barrier;

e

The vacuum vessel:
4 upper ports

8 equatorial ports
8 lower ports.

These ports are used for >

Upper port

Equatorial port

equipment installation,
vacuum pumping,
maintenance, etc.

NN




CFETR €&

@ Blanket configuration

Vertical Port—_____ m

Lower Port Back plate support (Shielding blanket)

The CFETR blanket system composed of
tritium breeding blanket and shielding blanket.
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Snowflake .
configuration %

!

ITER-like
configuration

- Water direction of
NS snowflake divertor

Divertor plasma configuration ~ » Three configurations: ITER-Like, Snowflake and Super X.

Cooling channel mod

» New structure with ‘vertical reflector’: inner baffle, inner
Inner, outer baffle particle reflector, inner target, dome, outer target, out
particle reflector and outer baffle.

» Cassette structure for easier RH handling. Shared
cassette between snowflake and ITER-like divertor.

> Small incident angle ~16° .

°Urtt?rl > Closed ‘V’ shape configuration.
articie
feﬂect& Pumping gap between dome and targets.

Outer target » Divertor cooling scheme was developed.

Snowflake divertor design » Support design compatible with RH was finished.



CFETR tokamak assembling
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4 4

| A 3=
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Chinese Fusion Engineering Test Reactor
( CFETR) Integration assembling with the RH )
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Tritium loop system
and radiation protectiog
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- A
/03 jacketing lines and conductor \ "

integrating facility were set up in ASIPP.

| 900m CICC jacket
line

-

¢ 2 parallel buildings were set up for _wm,_g;._i'
conductor integrating, NDE, cabling, NN
acceptance test.

+ All conductors produced by CN DA were
accepted with their first tests.

Conductor

. . fabrication process
¢ The first ITER oversized components,

KPFS conductor, arrived at ITER site in

June.

S——_

'«-lf’ .

X ——1 £

;“. - ."Q.(‘; .. - il =
Ceremony for 1st shipping TF conductor arriving Italia TF conductor arriving PF conductor arriving ITER site
Japan
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Ba1/62 R CFETR HGMZE LB

Coil Parameters

Design Parameters of CFETR CS Model Caoil

Max. field 12T
Max. field rate 15T/s
Inner radius 750 mm

Coil structure

Hybrid magnet
Inner: NDb,Sn coil
Outer: NbTi coil

Conductor type

Nb,Sn CICC
NbTi CICC

NbTi Conductor
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1. Tokmak RH
flexible In-Vessel
Viewing System

8. system L = 2.ITER parts
integrating 1 Transfer Cask

and testing

3. Blanket RH
maintenance
system

7. vision grabbing
and scene
modeling

6. multifunction 4. large scale heavy
inspection and

rescue robot

load maintenance

robot arm system

5. RH master-slave
robot and man-
machine interactive

control system


file:///C:/Users/lenovo/AppData/Local/Temp/展开与收回_前方视角.wmv
file:///C:/Users/lenovo/AppData/Local/Temp/展开与收回_前方视角.wmv
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