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Introduction ® sensitivity to conductor current ' ® sensitivity to nt & plasma Break-Down time (Tgp)
In the framework of EU design activities in view of fusion demonstration reactor (DEMO), extensive analyses are conducted [ SycomorE | i ' , iS0—AT \arg levels
by a group of EU laboratories to address the magnet system design. w0 fomo 0 [ Bine + TBine = Bexe 5
In this regard the DEMO reactor global configuration and its operation conditions were updated in 2018 resulting in a new |J_-> NI N i 1) p="Cp,? et kA N
top-level system features inducing improved performances. g L s i Ho T 24_5 « il
CEA carried out broad studies on both Poloidal Field (PF) coils system and Central Solenoid (CS) to tentatively establish the CONSI 1L AT AV Y A T A - \ >l
most appropriate designs and provide an educated evaluation. Former analyses conducted on previous DEMO CS g 300 %1}****** i 32()% i ATyarc=Tes(Bind-Tor(P. Tep) Ij;> @; 88
configuration are referred and discussed in support of the present optimization approach methodology. s & ‘ijﬂ /4 — 5l ot \\\x 2 07f
Together with the resulting CS and PF designs recommendation and perspectives are provided. “ | N/ ! / / y y, /7 s dy :6
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Objective: From a reference scenario database, establish as suitable PF design as optimized as possible R ®*7100 200 300 400 500 600 700 800 900 1000
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29.11 13.63 -5.94 - - | |
CsaU | 2011 142 2041 Reference | VADVACS PE | DEMO 2018 CS: establish the updated CS design & BD study PP g
s Cs1 5823 9.6 -58.23 |:> seenario - Forces - ® Establish CS design ; i
' csaL | 2011 747 2911 - Inductances i ; : @ Confront with BD parametric check
|:> CS3L 2813 2514 -12.44 - Magnetic field - CS Ry consistent with TF WP#3 reference design ! )
PF1 1653 1419 2.32 - Target flux at plasma center = 305 Wb (ref scenario) ' i50-ATarg levels
PF2 386 522 589 PF geometry => PF geometry . 1 —
PF3 -847 512 608 |  ieraionn iteration n+1 DEMO 2018 CS DESIGN i e
i:zg 15'33 '3'92 'g'gg - Design criteria | | Conductor current (kA) 98 ! ;““::KA 0.9
-9.91 -7.76 -8. _ convergence? MADMACS-CS =
PF6 2403 1546 1025 ﬁ/?few. ffctors . - # of SC strands 2215 i " o
Plasma 0 17.86_17.86 - Material properties NO @I # of Cu strands 0 : - :
« Plasma reference scenario PF final Thorseor (K) 2335 !
Analysis from CREATE (IT) Update geometry geometry ~ Jacket thickness (mm) 1760 ! z %
. . . ATuare=L5K cable size (mm) 43.68 | B
Design approach: 1) PF aspect ratio kept close to reference geometry (provided DP length < 1.5 km) Top=47K [ :> # of turns 11 : 06
- - — - !
2) PF optimized versus SC amount (for PF1 & PF6) Sroop=667 MPa # of pancakes (total inCS) 214 ! 05
Vimax=10 kV # pck small / central module  34/78 !
; . PF1 IEENIYM P2 | PF3 | PF4 | PF5 | Pre XL Byyax 0N conductor (T) 15.67 ! 04l
PF Design results: Maximum field (T) 6.536 6.362 4.679 | 5.050 | 4.980 | 5.010 [ 6.556 6.117 CZﬁéal module L (H) 156 : ‘
Operating current (kA) 51.02 51.66 5259 | 50.42 | 50.13 | 51.61 | 50.48 50.06 Toeiay ! Torscuarce () 3/77 A AVAS - S e
( ATyare =15K N SC strands 4966 2747 316 | 401 | 377 | 398 | 5344 1496 N (Wh) 356.6 i © 100 200 300 nf%on " 500 600 700 800
Top —47K N Cu strands 0 < 665 | 960 | 1340 | 970 | 0 490 ng;ﬁsﬂ"f’a) —
Choop = 667 MPa JSp'Ir(a't(t’;’_telid'ameter (mm) 12 < 115 | 136 | 1543 | 137 | 158 = _ _ _ | Infirst plasma studies Ty~ 0.8 5 > acceptable margin
Vyax  =55KkV Taf] ‘: 1° Kness (mm) 3\,‘326 4(‘322 2‘7: 2'28 22'85’ 2‘03 3';8 ‘;‘58 = Compliant CS design (overperforming ¥'cs) ' = Better CS safety margin than for DEMO 2015
. . |:> otspot (K) 4 adl 4 > 4 > => Excess of SC amount suspected (low hotspot T) !
Current lines positions Number of pancakes 18 32 14 28 40 24 28 60
< unchanged Number of turns 18 10 8 6 6 8 17 8 L . . nd .
g B WP vertical dimension (m) 1793 1798 o624 | 1186 | 1es | Tisa | Logs 3067 = DEMO 2018 CS design is established and appears robust. BD features could induce further 2" order optimization.
Co_nvergence = both PF WP radial dimension (m) 1.189 0.544 0343 | 0.244 | 0262 | 0.371 | 1.157 0.395 Ve - .\
sizes vary < 1% Discharge time (s) 159 157 90 | 241 | 445 | 232 | 440 42.3 \COHC|USIOnS - perspectives )
across Iteration L (H) : 1.710 1674 0.940 | 2.624 | 4.885 | 2475 | 4.789 4.648 ® DEMO 2018 PF system design was conducted, fairly compliant but some warning on integration highlight need of system-scale
Pancakes winding Pancake hydraulic length (m) | 612.9 339.1 691.0 | 661.3 | 661.7 | 682.9 | 739.0 350.6 approach including e.g. plasma considerations
_ Total SC amount (f) 192.0 #» 1045 107 | 260 | 350 | 229 | 387.5=» 1103 ] ) =l R ] ] _ _
& Parametric studies on DEMO 2015 CS, guided inputs choice (» high lg) and transient check (™ BD time vs. cable nt)
» Design close to reference can be proposed for all PFs ; high SC amount for PF1 & PF6 < DEMO 2018 CS design was established and found robust at pre-dimensioning stage.
> PF1 & and PF6 optimization lead to a saving factor of ~2-3 on the SC amount (total A ~ 350 tons NbTi) © DEMO 2018 CS design parametric check versus BD showed safety considerations in transient operation.
» All PFs can be wound on double pancakes (DP) total length < 1.5 km. Optimized PF1&6 can be wound with quadri-pancakes perspectives = stabilize PF design with system-scale considerations (plasma, assembly...)

= A check is made to assess the PF system integration = conduct detailed analyses (mechanical & thermo-hydraulics) on both PF & CS systems



