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Areas involved in the selection of methods for blanket 
maintenance: (Emphasis may be different for FNF and DEMO) 
 

- Segmentation of FW surface area into blanket modules 
 

- Handling the modules for replacement 
 

- Cutting/rewelding of coolant access pipes to modules 
 

- Mechanical attachment of modules, surviving transient events 
 

- Compensation of differential thermal expansion between modules, shields, 
manifolds, and VV 

 
- Minimization of down time for replacing blanket modules, crucial for 

availability of FNF and even more for power plants  
 

- Minimization of fabrication cost and waste 



Maintenance Methods suggested in Power Plant Studies: 
 

A)  Sector replacement  through large ports between the TF coils  

(ARIES-RS, ARIES-AT) 
 

B)  Lowering the entire power core into a pit for free access to the blankets 

(ARIES-ST)   (Could be interesting for a FNF with normal conducting TF coils) 

 

C)  Segment replacement through ports at the top of the torus  

         (EU-PPAS, EU-MMS, EU-NET) 

 

D)  Module replacement through a small number of ports (3-8), located at the 
midplane of the torus (EU-PPCS, ARIES-CS, ITER) 



 

 

       Sector replacement (ARIES-RS) 



 

                Sector Replacement (ARIES-RS) 



 

   Vertical Lift of Power Core (ARIES-ST)



 

Segment replacement through ports at the top (EU-DEMO) 



  
Module replacement through ports at the midplane of the torus (EU-PPCS)



Selected Example:  

 

Exchange of DCLL blanket modules through horizontal ports 

 

Key features of the blanket concept relevant for maintenance: 

- FW surface area subdivided into ~ 200 modules 

- Steel back plate of the module as thick as needed to make any element 
outside the blanket module to a life time component 

- Coolant access pipes to module cut/rewelded  at the back side of the module 

- Fasteners for the mechanical attachment accessible through the gaps 
between the modules. 

 



Blanket integration into the vacuum vessel: 

- Each blanket module is connected to the manifold with one concentric pipe 
for the liquid metal breeder, and one for the helium coolant. 

- These access pipes are located at the back side of the module, accessible 
after removing small shielding blocks.  

- The blanket modules are attached to strong “skeleton rings”, composed of 
HT shield and manifolds.  

- The welds between access pipes and manifolds are located behind the HT 
shield where the He generation at the end of the plant life time is < 1 appm. 

 

 

 



Blanket integration into the vacuum vessel: (continued) 

- The skeleton rings are continues in poloidal direction. They are segmented 
in toroidal direction to obtain the same number of rings as there are 
maintenance ports.  

- All the forces acting on the blanket modules (weight, EM-forces) are 
transmitted to the ring by shear keys and mechanical fasteners (screws). 

- The weight of ring+blanket modules  is transferred to the VV via sliding 
bearings at the bottom of the ring. This allows free thermal expansion of the 
skeleton ring segments  relative to the VV. 

- The coolant supply tubes from the primary loops to the poloidal manifolds 
(integrated with the HT shield to the skeleton ring) penetrate the VV at the 
geometrical fix-point of the ring segments. No large bellows for the high 
pressure He tubes or the liquid metal tubes required! 



 

Coolant access pipes between blanket module and manifolds



 

            Removable Shielding Blocks 



 

Principle of attaching blanket modules to “Skeleton Rings” 



Conclusions 
A) The maintenance method envisaged for the replacement of blanket modules has a 

large impact on the subdivision of the FW surface into blanket modules. It also 
determines to a large degree the down time of the plant for a blanket exchange. 

B) The optimum maintenance method may be different for a FNF and a DEMO power 
plant. However, in both cases a Minimum Time To Replace (MTTR) blanket 
modules is decisive for a high availability of the plant. 

C) The maintenance method proposed for ARIES-ST, based on opening the coils and 
lowering the entire power core into a large pit, maybe of interest for a FNF with 
normal conducting TF coils. 

D) More emphasis is needed in power plant studies on the way how the forces acting 
on the blanket modules are transferred to the VV. This implies also the method how 
the differential expansions between the “hot” blanket modules and the “cold” 
vacuum vessel can be compensated for.  

E) The combination of neutron shield and poloidal manifolds to a strong skeleton ring 
and the attachment of the blanket modules to this ring as proposed in ARIES-CS 
could be of interest for Tokamak power plants as well as for FNF. 


