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- Fundamental elements
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(1) Current profile

(2) Pressure profile

(3) Plasma shape

(4) Stabilising wall

(5) Resistive instabilities
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- Fundamental elements for the S,-limit
(1) Current profile

8 5
DIli-D . @
Ballooning 4. 3‘ o
a L
6 By Limit * o 4
o @ \o
L 4 .O OG -3
By 4 * %"’ H
. 2o X
%00 S A A "
oo E Circul
. WL \ ircular
HeteTmote | | cross-section
0 T T T 0
0.5 1.0 1.5 2.0 2.5
INTERNAL INDUCTANCE (£) E.J. Strait, Phy. Plasmas 1 1415 (1994)

- Dependence of the achieved g, on /; in DIII-D L-mode
discharge (open circles) compared to the calculated
ballooning mode limit (solid circles)
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- Fundamental elements for the S,-limit
(2) Pressure profile
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Normalized p
N

Peakedness of the plasma pressure profile
p(0)/<p>

- Pressure profile determined by the a-particle heating
with higher peakedness in ITER and DEMO
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- Fundamental elements for the S,-limit
(3) Plasma shape

Right before A

Normalized pressure
N
1

1 |
the ELM onset |
oL i JT-POU]
0 0.2 0.4

Triangularity O
- ITER designed to enable a high 9, 0.35-0.4
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- Fundamental elements for the S,-limit
(4) Stabilising wall
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o 1]
= 4+ M 1 8 44 1L
ab] . i N
o Without conductive wall =
g 37 T € 37T Without conductive wall T
5 O
> 2+ + Z 2+ -+
- - 1 -
1 . .
a) positive magnetic shear b) negative magnetic shear
} } 0 } }
0 0 2 4 6 0 2 4 6
Toroidal mode number, n Toroidal mode number, n

- Wall stabilising effect remarkable for RS plasmas
- Stabilisation of RWM
plasma rotation
corrective magnetic field canceling the perturbed
magnetic field by the instability
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- Fundamental elements for the f,-limit
(5) Resistive instabilities

_—~ F Ideal MHD instabifty  'Instability mode

%Z 9 f_ (n=1) appearance
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g 1 Safety factor

5 q95=2.9_3.5
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- In quasi-SS discharges, g, is lower than the ideal MHD limit
due to appearance of resistive MHD instabilities (JT-60U)
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- Fundamental elements for the S,-limit
(5) Resistive instabilities

e Std shape DIII-D data Lo
3 L = JET shape DIII-D data
4 JET data %

B Thermal Fit ) STABLE e
= 550 p; 12 .

*0.19
" UNSTABLE

e |[TER

JG01.298-1¢

0 1 1 1
0 1 2 3

By Thermal

T.C. Hender et al. Nucl. Fusion 44 788 (2004)

- Critical beta for m/n=2/1 NTM: scales with p;*, v* )
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\ed in the present design of Demo-CREST

("The increase of plasma shape parameters from (K"'D
85, 6~0.35) to (k~2.0, 6~0.5) is required to achieve

Bn~5.0 with ry4l=1.15a, however, several improvem
ent for positional instability is supposed to be requir

When the plasma performance excee
ds the no wall limit (OP3, OP4, OPR
S), the suppression of RWM has to b
e considered. /

9.0

55.0

)

S ballooning
=4.0 5
© _ =
Q3.0

et

OP3 OP4

CREST like Conf,ura-
(k=2.0, 5=0.5)

o

n=1 kink
n=2 kink

No wall limit for n=1

‘ <RWM
OPRS

[NTM

O: stable

N e f

© /o =

= L ghy  OF2 |
= 1.0 ® : unstable for n=1 kink or ballooning

In the demonstration phase, plasma perfor
mance is improved from OP1 to OP4, assis
ted by the conducting wall at ry,;=1.3a just
behind the blanket modules.

30

0.0 ' : :
2.0
/‘/gafety factor on the magnetic axis q,

4.0

NTM probably appea\lrs even in
the low By region correspondin
g to OP1 and OP2




= 74
O xR 37| %
- sHgot £ YL Blimit, density limit, 21 8522 2™ E.

nT,+nT
/Bth - /Be +18i = <(Bz /2,u )> ~ O-4n20T1o(1+ ni /ne)/ Bo2
0 0

7o = T./10keV
= 7./10keV

2
g w0, 05

e .
Input parameter

fDT = = i fHe - fz

- golojeo YU BA £ 7
—




i£o| 3= U 37| FH

o ¢ SEt=0} 24
- sHgot £ YL Blimit, density limit, 21 8522 2™ E.

N =
GW 2
ﬂaO
ne
f o=—2<10-1.3
nGW
~ B2t=0t Y& Fat=0 270 Hof Be:
Cf. iget =52 S7tA717| I8l t=d| Set=0t 27| &
S7tAAM = ¢tE (37] 71 - B 4 - SHUL)
— Zet20r @ EEt=0F 87/ 371 Al 37t
Cf Bat=0} BF 57 A HE 159/ 02,




1£o| 3= U 37| FH

A B2t=0p 2

8 =8 LT Blimit, density limit, 2H 4522 AH™E.

H

Jo

T
H98(y,2) — E ~10—15

IPB98(vy,?2
7! (v.2)

IPB98(y,2) _ 0.93n0.15,,0411.97p 4 0.19 _0.78 _0.58 5-0.69

- UH M52 Bakx0 ME B Al GAEL BE 759 0f220
2D, HETSOY S7t2 UN 450] 4o oE 4+ g

- WA 3712 BIHAIZ ZR0lE HRTE U JHETYT STt
AT AIZH0] ZfOPE 4 9IS,

20




o] FE U 27| WB _____

° =&% 7|2 24 -
- =M Zgt=0f 37|17} AYE|H -

Ol 48, #AIAZ|2 %= %

p- ey :
THUZ| 2ot = A|AE X2} |l LT,
gatds Adoty ZX| HH 2 Al ]

37|15 &80 2.




ol 3 Y 37| 2

o B3 WA} EE
- Poloidal coil®| A X| 2[X|, Toroidal coil?| HIE& & X|X| +X 2| LUy
71712] segmentation, ‘=L 77|29 & AA|, H2Z Hi2tO| HE| & £ LX<

A o o) o
24 wAle U BT U

.y =

Cryostat




- = N
Fo|3x 8l 37| 24 RE elf B4 A
Blanket moduleS CHE 3}
o H A HEAMAL L X In-vessel maintenance  ot0l Et MEHQ 3=
£ Z0] availability 7§

- | -~ TECoil PF Coil
q ﬂ , , ! ;’_' / (3 T ccess Pont
3 1_'. T ] Outer Blankc: Module
- S T e SRR T"_:-v, }
LT
] e ™
e "h.p).) -
P -~ Divertor Port
Small module
(ITER) Large module (Demo-CREST)

- Module2| 2% SER= A0 2let 2 =ALS L|5H7| 2/5)
7

1 1H = A E 2X[0oF g (20| 7l 5745 0|88t X

YUTo| guTt QT E)
- s ols) XX R0 2EAF A47|H B S0 M2 4 AUS




LO| X 8 37| B%

o H 4 HEAMGL - Z1R- Hot cell maintenance

Cryostat

Vertical transport (EU-DEMO) Horizontal transport (SIimCS)
- A& 2tE unitE Hot celldf| BF&E0E 2, spare unitg = =X[0f 245}
SA 2o 2HE A = UZ - FAIEF 20 A[ZF IS ths
- Blanket W12t 212}, AAF= Hot cellOf|A| 22| 2810 HIHSIO A A
- 4 2= port7t 911, PF coil X[ {|X|0f CH2E M| S, TF coil2]
HE 2 2of cier XX M2 Y 7 XX #+x=2=2| 24X Y H el

of ZH0] TR, 24
—‘




Kd

=

<r
10

<

m__m
N - K
El Y wh o w | Ly
B o |Ble |m g2 Dm R ek
- o ®m | 8|~ |~ |kl o slo| s |
3|4k T|a|[~|¥| ox ALRE
20 el R s |9 @ |y | B
< |4k st |8 W e
<F H |0 H Mg i | 8%
5 ol | i < &
il m_u _A 10 i
o 70 | M_u.._
- =7 | o4 ud
94y - Ul | &r Wm___
l_ = g =
= o__“_ = w_l_u_ LS | g Qﬂl _._.__“_ =.__“_
| ol ° olnl N
<k B2 || [k gt | RO U | o
5 ool ol 7
£ of | of
- T <F K| K
T H_._ )
pl
i =
M
Tgo | O~
| 2 RO | O [N |
o 2 9| 0 Kl
== © | K =0 K
i =" | |oi|og| " 5
- | = (Sl -
0 o el
|| = = 5
¢ =W olp RIS
== ™ _._._._ K _ _Aﬂ
= " il m_.__ ol | ol
(7))
U G |0
IR .
q] 8| i 0
£ | S ;
o= -
2 K
N X " LH
| " o_.E 100
< |[K|X0 =
¥ | o < | qio by i m_A_m 5
il EAEIb wo| BN w|W %
+ | &% el = AR
=1 o = ol
M | @ _.ﬁﬁ Ohu w | O m__ ks
o | .
Ll




o =y 4 o
a——
N

=

O M &/ 75, SCt=0r g Mo

- 80| M2 S5 Ar50] 2852 o|of w2 X7t A 2.

- Pulsed operation A| CS 2 & & H2}0| 2|5 X-point, Strike point 52
0| Mot S2t=0F o MO7F Old=E =+ US.

ZEED
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- =8 MY
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- Radial build A&l T8

RO = RCS + ATF + AVV1 + ASl + Ablkl + aO

d?2 Zot=0F W0 ZQst RANX| =7HHA
_ 2 _ﬁ = [eNe) = — — T
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- Radial build &M 102{: TF 3 2%

78 .\
B, . = o'1e "NTE

| .
4[ TF . JT"F”‘ 10 MA/m2 in ITER
T (Rcs +ATF —R& ]/ N
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- TF 220 718X = &
2
ang ¢ - 7(RB)
HoRe
2
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Tokamak Equilibrium

- Basic Forces Acting on Tokamak Plasmas

- Hoop force b =¢
| I
| B, >B,, A <A,
BIA >BA,
I
t ® » Fygr ————+
By, A B, An

Faer ~ eR(BIZAI - B|2| A 20,

- 1/R force
B T ;o ¢| :¢||

Ay, By i : i A, By 2 2
W B/A >B, A,

net i
DFESSL;&?/
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- ZAlE0| X|X|
1) Bucking cylinder &4 ®l&d X|X|FM=2 2| Fo=Hs 8.
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Wedging of the toroidal field coils

Out-of-Plane force In-Plane hoop force Wedging of TF coils
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4t Z7: Constant tension D-shape coil model
=St= 7712| parameter 278
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= O
N| 4 | 4| 4 | 4 | 4
o0 1.000 -1.992 1.923 -1.076 0.281
48 1.000 -2.075 2.082 -1.202 0.321
24 1.000 -2.162 2.252 -1.339 0.364
18 1.000 -2.222 2.374 -1.441 0.398
12 1.000 -2.346 2.636 -1.664 0.472
o0 0.000 0.013 1.450 -1.161 0.353
0.000 -0.052 1.630 -1.330 0.412
0.000 -0.123 1.831 -1.524 0.480
0.000 -0.173 1.976 -1.667 0.531
0.000 -0.281 2.298 -1.991 0.648
0.000 1.000 -0.214 0.046 -0.006
0.000 1.009 -0.220 0.047 -0.006
0.000 1.018 -0.226 0.051 -0.007
0.000 1.023 -0.230 0.052 -0.008
0.000 1.035 -0.238 0.055 -0.008
1.000 -1.000 0.497 -0.156 0.027
1.000 -1.020 0.517 -0.164 0.028
RZ;- 1.000 -1.041 0.538 -0.175 0.031
= 1.000 -1.055 0.553 -0.182 0.033
1.000 -1.083 0.582 -0.196 0.035
35
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°TF AY

-TF ZY &M E4: ¢
quench Of 2|t &M & HMO| A|Q| heat balance(@Hd=t #2| S0 2|2t E3)
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28H IO =geHdet & M, M9 & 5)9| HH s 7
S 2[Chgtst7| @6 =M & X X 2 HYE =49

CH MEB Bt - M = A — inductance X3t — quench Al A& K
AlZH Eb= (Ldi/dt < S8 EHAF ) — eFE%t 52| HlE M

TF 2 Y quench Al T&F X A|ZES EF=SHH, cryostatO|LE =L 7] 7]0f 2
poloidal currentS OF7[A|7 0|2 Qlot 220/ FZ =9 WEH(L w82
1e4sto] HASHOF &

38




 StLtE 10000= 0] 7177t H

o
=

il

SHZEOA

N E4Z 2ol ti+E8 ZE A

oF

Inter-coil structure

39

= Jhof

L

7tCH

=
=

P

-




1 37| 8%

LO| X

joll

=
10

._|m.|_

o

Cf. XHA|: S JX2te| =2 2E0

22 S XX

=AY

Al

s87]-€ 2E5<

XK

CEENa-

=)
AVV1 =

g
=

— X
L

40




EO| XN T7| B

° Xt
- 102 K|, M2 K

i
XHE| A HFZ QHOIM &= W/cm3™® 9| siEtd 0| Q10f, 0] €S FIHXOZ 0|
2517| Qo L2 XHHE £ =2l st HAME €2 2| 02 K}
HE 5.

et BEHS Fol=S of0f M2 A
d2s L=op7| fleh At

= i — !
CHdat Fa2[of CHet 7t &4 (dpa) HEU MO E= SHAX|Z BBt E X}
H FHE 248

41




e

K]

il
10

ol

c 3

K

K

X

ITERO{| A{

¥

Kd

zll

or

j00

<1 mW/cm3
< 2 mW/cm3

A

B
3 1 O

skl

ol ol <|
MMHS
LH L ™
&4 &d ol

SESHIE

< 10 MGy
< 5x1017 n/cm?

(E > 0.1 MeV)

AL

e
+
ol A

o]

F(SSA

|
=
o
A
o

R A}
A2

_I

F(E > 0.1 MeV) < 10%° n/cm?

< 5x10-4 dpa

42




LO| =

° Xt

- AEHA FH B (28 ST (L, > 01 MeV) AT BH)

S
|:OUt

F.-exp

TF coil HEHOM2| 1<

¢, = Fou x3600% 24 x365x T x f

out

(_

AN

A51

S

)

X 37| 8%

_'AK*"XHIUX FS FS

In? out

j = a0 XK Sa H, S0

Ofl) SUS75(75%)+Water(25%): A.s = 0.16 m

S} fluencel| 24 Motez T £2H

¢FT—Iim - 1.0)(1023

avail — ¥n

T - |:||-7(-|Ao| 29 7|7t 0fl) ITER-CDA
op

foeii - Plant availability

43




i£o| 3= U 37| FH

o X
- HIARM B
Cryostat L{/2|0]| E = XtH (X AEH X AE F220] oot XtH) X,
SS9 METIEQl <1 mSvyE UESIEE FX| AWML HEHE ot
A7d. O|& ®lol AT 2ARM, sky shine, WA dust, B =3t= tritiumOj| |3._
B Ao dHESE 2F o*oH 0.05-0.1 pSv/h (0.43-0.86 mSv/y) ELCt S&£3|
';'JS 7|—o§ Oix-” _Ifl_x| |_H01|A-|o| A—| %t%g |:|U\|-A—| XI-O-I —*—A|-I|—O| _U_lir'; Mol_}
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o S Al Blanket

-QF =4

Tritium A=2| A=, WSE X ZAH100-150 dpa) 2| B S (> 100 MW/m3)
N BH EESH0.5-TMW/m2)L] M E, X713 Lid, B AlQ] £ &
SAHN, S, XY, L2 8| 2730 15HA EAE Yl
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-QF =4
Tritium S 22| Xtg, LHEEXAF ZAH100-150 dpa) 2 LS (> 100 MW/m3)
2 HH GESH0.5-TMW/m2)e] MY, MXI7| 3 LHA, 24 A9 |% =h&f

— SHM, SHI, S4H, F=Ael FdH] 280 1HA 2A X .

- of) 2R

heat balance equation

0. sYHIE
[adv = SJ p(T)C, (T )t C,: SHY
ZtH: blanket 22k 2H: coolantd] 2|3t XN Lk
a) o= tHHAE § = JO — TBRE| XNotE £
b) 75 vE S - BAlo &7 €8 =49 SUE £

o) ==Xt g7 2| BSLH — M=ol F4,
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o S Al Blanket
- F2o| M 24 i X[F, Higt Z20], F
blanket LHO| A 2| A, =zo| ST Egol'—f ME A+E 128510 M
o= HAISt, T2l AtE 228 THEFA|F] TBRE Z[CHZISH7| 2Tt A
HiX|E 273
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* Inside VV - Conducting shell NS

- Plasma vertical instability X0 5! high beta

operations 2o E+H

- SE &= eddy currentd 2|8l W2 time scale *\
(< = 10ms)2 S24Ed &2 A

VACUUM VESSEL
- Eddy currentl| A|E+E FXI5H7| fI5iM=
conducting shell2 sector?t 7{0f S},
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