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; 5’_.__“ —’ Hes + nl + 3.27 MeV
T3+ HL + 4.03 MeV

D2+ Hed® = He# + H! + 18.3 MeV
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_ICar f’Iode resistant to terrorist attack
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IJ:G W nsk of nuclear materials proliferation
-’ﬂ No fissile or fertile nuclear materials required
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Produc

_fiighite f verature: T

flie Jh”e density: n

Lglle) fcenflnement time: 7
j’measure of performance is thus given

E .by' N1 t: Density * Temperature*
Confinement Time



Plasma

Central field coil

s
= “TOKAMAK”
: fharg_ed particles have helical orbits in a (Russian abbreviation for “toroidal
= —magnetic field; they describe circular chamber” with magnetic fields); includes
orbits perpendicular to the field with an induced toroidal plasma current to
gyro-radius r;=v /), where Q=qB/mc form, heat and confine the plasma
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Central lon Temperature (MK)

Progress in Controlled Fusion
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High Energy
Multiplication

and Sustained
Burn
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3rd Generation
~1990-2000
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1st Generation

Tokamak ~1970 -
Concept :
Developed ~ —~—
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Fusion Triple Product - density (particles/m3) x confinement time (s) x Temperature (keV) =~ > s Y T
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Plasma

l Uf yclotron (IC)
éctron Cyclotron (EC)
= Neutral Beam Injection (NBI)
_:____,:;;:} Lower Hybrid (LH)

-
- -
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B INTOR 19781983

B \ET 1983-1988 il DA)
B TTER OB R ol R e —
HLJ_)m.J VajOrSRAGUSH |
D.IN. Vertical Elongatlon 95%

Pla a Current 22 MA
Ma gnetic Filed at 5.8m / max. 4.97/10.4T
_)‘ ‘17992 1908
— Plasma Major Radius 8.1m
‘?' S N. Vertical Elongation 95% 1.6
= L Plasma Current 21 MA
= ";:- ~ 2 Magnetic Field at 8.1m/max 5.7T/12.5T
= IER FEAT 1999-today
: # Plasma Major Radius Win
#* S.N. Vertical Elongation 95 % 1.7
#t Plasma Current 15/17 MA
#t Toroidal Field at 6.2m/max 5.3T/11.8T
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S ITER Magnet System
- /-‘ —

= O

+ 18 TF coi
+ & CS moc
4
- 9pcirs

+ Feec ;f

System Energy Peak |Total |Cond Total
GJ Field TI\/I length km | weight t

| Toroidal |41 11.8 164 822 6540
“ | Field TF

Central

13.0 (147 35.
Solenoid
Poloidal 4 582 |61. 2163
Field PF
Correction 4.2 3.6 8.2
Colls CC
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Why Sup

_ING [ESIS UVEIOSSES |
REffiGEration power required much lower
ens M v V /)

IJV O -.compact reactor: Cable current density
= tch higher(~10times) and Structural
~ material strength higher (4 times)

Dlsadvantages. operation at 4 K (Vacuum)
and new technology
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'_ ment (650 °C, ~ 200 h)
: “? coatmg (~ 2um)

= E = Ec(J/Jc {B,T})"

-No strain senstivity
-Coating N1 (~ 2 um)
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_ENUIREENNG Critical current
censity (zinc Mﬁtﬂm@
OIpuERENVIEEV ISWIre as a
furiction of clgglieiSiElgieE
aRiicYHENETIEId 012 T and
gempenatures ofi4.2 K and
0,5 K—-‘ rements between

d 10 K.
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g :-T-hesymbols show. the

= measured data, and the lines
- Sshow'the parameterlzat|on
using the Interpolative
Scaling Law.
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* 316N stainless steel jacket (@ 40.7 mm)
wound in radial plates

* Cable diameter: 37.5 mm
* 720 Nb;Sn strands (1080 strands total)
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— i '. ‘A — ~ L B ) 7 : —_— 1
TI700 [K] TFMC inlet TI712 [K] Dp1.2 inlet —0—I1700 [KA] TFMC HJI710 [W] DP1.1 o Sepl 28.2001 (cyclio—spartan)

——TI710 [K] DP1.1 inlet TI400 [K]LCT inlet  —0— 1400 [KA]LCT ~ —— HJI712[W] DP1.2 - Ock 14, 5002 (spartan. T corectsd ~0.05K)
7,0 : . . 80 180

02 (spartan)

70 160
140
120
100

80

Heater power [W]

Temperature [K]
Coil current [kA]

60

40

TFMC exceeded

No performance degradation
design values P 5
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Model 2 Cast Weld Qualification

GTAW/SAW
Closure Welds

27



Supporting
Structure

Inner Module
Outer Module

Outer Diameter

Buffer Spacer

Stored Energy
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VOLTAGE (mV)

CSMC Layer #la
Tcs Tests at 46 kA

: #26 82 (Apr11200
. #28 20 2 (September 2001

- #28 89 2 (October 2001—)\

. #30 90 2(Aprll 2002

ESTIMATED CENTER TEMPERATURE (K)

31

02 abed kg

Tes 28_020_00
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Coil Design Paran
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NbTi Square
Conductor
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Precompression
System
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_[eBlipled Fields Problem:
Jiemperature
Hlydraulic

T — -

—  Mechanical strain
EJectric Field

—

w—

= w-ﬁ'Magnetic Field
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== The model is self consistent with given inlet and outlet currents
or can be coupled with a termination/joint model.
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Current [A]

Current [A]

T

.

1n the macrostrands

Curv. coordinate [m]

2.000D+01

3 4

Curv. coordinate [m]

BB3

Current 1n the macrostrands
in the case of dI/dt=10 kA/s

—=6— t=+0.000D+00

Curmrent [A]

8)

4000

2000

Cument [A]

Curv. coordinate [m]
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Analy T

INHESDISelid modelinclud
1108's rands 081 mm
My = . e —— —

2zlef) .)JJI]J MOUEIEE™N ithrsolid'eleme
OLENSIC { 1lwith the inner surface of the Jacket

cl .J.Jl‘v émgth of 2 pitches (426 mm) are modeled (actually, half of it
Withisyn _metry boundary. conditions applied at the middle-plane);

Jacket; Supporting plane.
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Ana

_BSiiiation) of the Gonductor injoperation:

+ At this nel of drie forrigle 4 dracsss (Eleieirie) olling)ytherfollowings
[OauSWErerappliedto the conductor.

giherm ‘q]»._}zé‘harge and discharge (923 —4.2 K)
ffdition: two load cases
~— Nominal test [=17 kA -B=9 T

—

~ — Peak test [=20 kA -B=11T

s

S Force per unit length acting on each strand

e e
I — B — _ -
- —

—

‘Magnetic field [T] 9 11 —

_Total currerii [KA] 17 20 g ﬂD

—Current per strand %
[A] 354.2 416.7
EM force [N/mm] 3.2 4.6
EM force [N/mm:3] 6.19 8.89

Total force [KN] 32.6 46.9 41



PITSAM4/MFX - CoolDown

“conductor ends, because the steel
jacket contraction causes local
buckling of the strands during cool-
down.

Such “boundary effects” are
consequence of the finite length of the
conductor model. This means that the
results at a certain distance from the
border (say equal to the conductor cIcC section [mm]
cross-section) should be considered.

Axial Strain
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: d at the

ecgrrdur:tor ends due to
1eeal"buck|ng of the
‘strands.

Some peak in bending
occur in the inner part of
the conductor due to

Stl’andS Ccross-over 60.0 800 1000 1200 140.0 160.0 180.0 200.0 220.0 240.0

CICC section [mm]
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—ULE

Y- 159 & Y-
Paak- | Paak- | Paak-
Voicd | Void | Void
1% | SN% | 27%
Intrinsic |
comoressive

_______________________________________________________________________________________________________________
---------------------------------------------------------------------------------------------------------------
....................................................................................................
--------------------------------------------------------------------------------------
_______________________________________________________________
_______________________________________

Tensile Strain Envelope in Strands

contraction DIER U N N Y |
Maximum  ~ o N AN B R AV A TR L
tensile strain. © 0.791 ' 1.108 0.691

0) 0} 0}
due tp Iocal /0 4 4 00 200 400 600 80.0 100.0 120.0 140.0 160.0 180.0 200.0 220.0 240.0
bending CICC section [mm]

— BY-Peak-Void 31% — BX-Peak-Void 31% —— BY-Peak-Void 27%

Total strain in
most critical
N©-Sn il

0.22'1 | 0.538

t)y ‘)"J
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P2V S Clamp contact with three Nb;Sn nserts
_.HTS module with Ag/Au sheated Bi-2223 tapes
PAR_{}. Conventional heat exchanger with Cu - discs
HV insulator

\_—~cooled
#_~"power cable
g

o .

Heat exchanger
Bus bar lll

HTS Module

Clamp contact



_Mier current 1ead is e5|ned
rscujrernenn GIVERMNRINSEIE

with' respect to the
' Ei!med %Mesagn-l
cloetignleipe

'WIoGation: The current lead needs to be installed horizontally
ITRCOIIE rmlnal boxes CTB.

Satety: reqwrement The current lead has to withstand a loss
- ot 1elium mass flow for 3 minutes at nominal current. To

B T¢ _ach this goal the heat capacity of the HTS part has to be
e arge

-_‘.., Tw%rent leads needed for ITER (total current of 2.5

Coils No. of Imax Type  Vmax
= : pairs
- TF Coill 9 68 kA = 10 kV
PF Coil 6 45 kA V 14 kV
Correction 9 8 kA Vv 3 kV
Coil

CS Coil 6 45 KA V. 10kV e



.......

; -. Quench temperature at 68 kA: 92 K
» 80 kA steady state (T ;s = 55 K)

e Heat load into 4.5 K: 13.5W

» Cold end contact: 1.9 nQ

» LOFA (68 kA, Tyyrs = 65 K): > 6 min
before quench (ITER requirement: > 3 min)

Poor screw contact between HTS module and
heat exchanger at warm end (=~ 100 nQ)
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Concly

_ANEUS JJ Bower Plant can be safe and
zlee sr),,} & for the environment

_INER fe S|b|I|ty demonstration is well
= {:Jj‘jced
_m», j’ER should demonstrate the feasibility of

g

- a Fusion Power Plant

—
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