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The European roadmap for the realization of fusion energy considers the stellarator line as a possible long-term alternative to a tokamak DEMO. Presently, the most
promising option is a five-field period power plant called HELIcal-axis Advanced Stellarator (HELIAS) 5-B. It is a direct extrapolation of the Wendelstein 7-X, the largest
stellarator reactor currently in operation. In order to allow the electricity production, the HELIAS 5-B reactor must be endowed with a breeding blanket (BB). Hence, in this
paper, the advancements in the HELIAS 5-B BB design are reported.
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HCPB BB WCLL BB
Segment| LC+ColdVV | LC+HotVV |MC+ColdVV| MC+HotVV |LC+ColdVV | LC+HotVV [MC+ColdVV| MC+HotVV
1-2 2.6 9.9 5.6 10.1 9.7 16.0 12.5 16.6 WCLL BB 0,1
2-3 -4.7 5.7 -3.2 4.7 3.4 13.9 5.9 13.9 Max = 0.0893 m 00957
34 7.3 126 9.1 12.9 10.7 16.0 12.7 163 | min=0.0457 m -
4-5 5.1 4.9 35 4.1 3.5 13.6 6.0 13.7 0.0829
5-1 4.7 11.1 7.3 11.5 10.3 16.4 12.6 16.6 0,786
Ring 12 — minimum residual poloidal gaps [mm] (initial value 20 mm) 8:8;43
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2-3 -6.2 4.7 -5.3 3.2 2.6 13.5 4.8 13.3 0,0486
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Deslgn and stress assessment of the Inboard Iinternal components of a bean-shape ring — HCPB BB concept

S5 1
S5 2
Von Mises
RCC-MRx Level D Criteria equivalent stress
Segment 4 Path / [Pa]
Criterion  |S4_1]S4_2[sS4_3|s4_4 / Primary+secondary loads
| CPs cooling channels P./S, 0.39|0.14 | 0.22 | 0.33 S5 3 1,362e9
Box (SB) @ Cap cooling channels Over-Pressurization (OP) (P +P,)/(KyS,,) | 0.31 | 0.11 | 0.16 | 0.23 I i;:? .
. . p e
loading scenario (P.+Q )/S, |1.51|0.41|0.23|0.22 S5 4 > 96268
« Temperature: W armor @ (P,+tP,+Q+F)/S, | 0.24 | 0.06 | 0.04 | 0.04 2,692e8
) 2423e8
550 °C, SB, CPs and BSS SEYMEE & [PEU S ers
Back @ 500 °C. Criterion S5_1|S5_2|S5_3|S5_4 S4 1 — 1 88568
. . | 45 [1.75|1.34

Stﬁj‘ilﬁt’sgt('ggs) * Pressure: 9.2 MPa (cooling - :’mjskm s gjg 83‘: 122 1(3)2 S4 2 ]izeg
. . . _ ' e
helium design pressure for |- m; o)/l v m) oo 07708
| DEMO HCPB BB) onto (Pr*Qn)/Se  |0.1810.36 ] 0.87 | O, 543 807767
Ring 12 oth breeder and coolant  L(PntPutQ+F)S, [0.09[007[015]005 IS'%W
S4 4 2 692e7

Segment wetted surfaces. - .

Box (SB) * Mc+Hot VV conditions for

SB cooling channels  the rest of the sector.

Firstly, a displacement assessment of a whole toroidal sector of the HELIAS 5-B BB has been performed considering both WCLL and HCPB BB concepts. Homogenized
geometric models have been set-up, adopting dummy components (full blocks without internal details). Results allow concluding that the proposed BB segmentation
strategy Is viable for more detailed BB design. Then, focusing on the HCPB BB concept, a preliminary design of internal components in the inboard blanket segments of
the Ring 12 has been carried out. Structural analysis under the reference over-pressurization accidental conditions have been performed. Comparing the calculated stress
against the RCC-MRx structural design criteria, one allows concluding that the adopted design approach is promising. Nevertheless, a more detailed assessment is
necessary to develop design modifications aimed at improving the blanket structural performances, especially in the most critical regions highlighted by the present work.
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