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Minute of the VII Meeting GSI-INFN  held at Milano_LASA on November 13rd  2007
This meeting was aimed to discuss the status of the R&D activities in view of the objectives of 2008. Main areas covered by presentations and discussions were:
a)  Status of construction of the winding models

b) Status of the Conceptual Design (in charge to INFN) and Engineering Design up to collared coil (in charge to INFN and ASG-Superconductors)

c)  Interfaces INFN-GSI

The agenda was arranged accordingly.
Participants:

GSI: 


J.Kaugerts, G.Moritz and H.Mueller
INFN Genova: 
P.Fabbricatore, S.Farinon and R.Musenich
INFN LNF:
U.Gambardella

INFN Milano-LASA
F.Alessandria, G.Bellomo, M.Sorbi and G.Volpini

AGENDA
1)  Introduction to the topics of the meeting   

   P.Fabbricatore
2)  General Status of DISCORAP activities  

   P.Fabbricatore
3)  Present magnet (prototype)  lay-out (dimensions and materials) 
     P.Fabbricatore
4)  End coil design 
                    M.Sorbi and G.Bellomo
5)  Materials for coil edges and end spacers

          Discussion
6)  Up to date mechanical analysis

            S.Farinon
7)  Mechanical properties of the winding - Dimensions of the insulation       S.Farinon
8)  Status of conductor 

            G.Volpini
9)  INFN-GSI interfaces (scope of work)  
      
10) Points risen by E. Floch and  R&D for 2008

            G.Moritz
11) R&D on Ra at BNL and CERN

            J.Kaugerts

12) Cost revision 

13) Field quality
SUMMARY OF MAIN POINTS
Plan and Schedule - The INFN plan aimed to have two winding models  (curved un-collared coils 3.878 m magnetic length ) constructed at ASG superconductors using a dummy cable provided by INFN is slipping of about two months. The critical item is the winding mandrel, which was supposed to be ready mid October 2007 for winding tests at ASG subcontractor facility. In fact the mandrel construction has been delayed of 2 months for manufacturing difficulties. Other tools and components are ready or close to be ready within November end. 
According the revised schedule the first winding model should be completed within April 2008. The Conceptual Design is going on based on the reference lay-out (2D) developed last summer. INFN is working now in refining the details of the cold mass on the basis of results from magnetic, mechanical and thermal analyses.   [See presentation Fabbricatore_Status]
Coil lay-out – The present lay-out includes as main features:

1) 34 turns in a 5-blocks configuration with 100 mm inner diameter 
2) Coil wedges are in G11-CR (the glass is type E, for the future type S can be used as for fusion applications)

3) Quench heaters are involved

4) Further than the ground insulation in kapton (0.5 mm thick) , a mechanical protection 0.5 mm thick (also in kapton) is also foreseen. This mechanical protection could be modified to be made of stainless steel (as in LHC). More thoughts are needed on this point.

5) A 30 mm radial thick collar has been developed in detail (axial thickness 3 mm). The material under consideration is Nitronic 40. The collars include pins for connecting blocks of 16 collars (abut 50 mm of axial thickness) and 4 keys for closing the collars. The keys are applied from the sides
6) The steel lamination is M600-100A. The diameter used in the computation is 426 mm. A preliminary drawing including the possible holes (holes for cooling, slots for bus bars, slots for mechanical coupling of the upper and lower plates and holes for connecting the plates) has been produced. The outer diameter could increase up to 500 mm.
7) The cold mass is completely enclosed in a 5 mm thick stainless steel shell having no mechanical role.

8) End spacers in G11-CR (a first couple of set  for the side with no exits is ready) 
9) A first idea for a cryostat was developed, including a 900 mm vacuum chamber (not yet decided if in steel or stainless steel) and tie rods for supporting the cold mass
[See presentation Fabbricatore_Layout]
Coil end design –  M.Sorbi presents the work done about the end coil design, in particular the criteria for developing a 3-D lay-out of the “symmetric”coil end, the harmonic optimization, the evaluation of peak field, the computation of the  ac losses and the development of the 3-D lay-out of the “no-symmetric”coil-end (connection side). The design of the end coils was finalised last summer, allowing ASG to manufacture the spacers to be used in the coil model. Two sets of the symmetric coil end are already available. The end coil region was also studied in view to define the  yoke configurations. Three different configurations were analysed: 1) full yoke, 2) yoke with stainless steel insert and 3) short yoke. The full yoke option results in a high peak field at the winding.  Among the remaining two options, the yoke with insert has to be preferred with respect to the short yoke, for the lower ac losses, the lower stray field and the lower perturbation of field hamonics coming from eddy currents. [See detail in presentation Sorbi_coil_end]
Mechanics – FE analyses- A new mechanical model of the cold mass was developed. Coil and collars are very detailed in this model, while the yoke is still roughly modelized (not yet including holes, slots and details of the system for closing it around he collared coil). The model is basically 2D, but 2 different layers are analysed at the same time. The introduction of coupled conditions on both layers allows to perform a 3D analysis. The analysis follows an historical approach starting from the free coil, moving to the collaring (detailed through 4 operations done during construction: vertical load, insertion of the keys, vertical unload, key’s unload), to the cool-down and eventually the energization. Two critical regions were identified: the region around the keys experiencing extremely high stress during the collaring operations and the corner on the top of the pole experiencing high stress variations during the magnetic cycle. The stress variation in the pole region was considered the most critical issues because it is in fact a fatigue load. In order to keep stress values and stress variations as low as possible, the thickness of the collar was fixed at 30 mm (from 25 mm).
Measurements on conductor stacks- SF reports on tests performed at ASG-Superconductors and at CERN on stacks of LHC cable and one stack of cored cable (provided by GSI). The elastic modulus measured on LHC cable stacks in ASG (confirmed by measurements done at INFN-LASA as reported by GV) is 5 GPa in loading conditions to be compared with 6.2 GPa measured at CERN. This mis-matching is probably due to the different containments of the stack during test. The stack of cored cable has a measured elastic modulus a bit higher  ( 6.7 GPa). The insulation thickness extracted from the measurements is between 104 m and 106 m. These stacks were cured at 50 MPa. There are arguments leading to suppose that, once cured, at 75 MPa, the insulation thickness could decrease to a value between 97 m and 99 m, in agreement with the value used in the computation. [See detail in presentations  Farinon_mechanics and  Farinon_stacks ]

GSI activities – JK reports on experimental activities at CERN and BNL about Ra. Regarding CERN activities it was observed that the transient heat transfer to supercritical helium is smaller than to liquid helium, after about 1 ms. CERN should analyze what effect his has on their measurements of MQE versus Ra in the conditions of their experiment. This may require more measurements of the thermal conductivity to supercritical and liquid helium for different heat production rates. Regarding the BNL activities the Ra results are not very reproducible for samples from the same cable. There appears to be a pressure dependence of Ra, i.e. decrease of Ra with increasing operational pressure inside the magnet coil. It needs to pre-anneal for at least 6 hours, to get Ra > 200 μΩ. Ra should be large enough so field quality is not affected by it and AC loss contribution is small. Then, it‘s variability will not matter [See detail in presentations Kaugerts_CERN_RD  and  Kaugerts_BNL_RD ]

INFN-GSI interfaces
The progresses in the conceptual design are at a level that more information is now expected from GSI regarding:
1) Stay clear region around the beam for SIS300 magnet. This information is mandatory for continuing the design of the cryostat and supporting system.

2) Dimensions of the cooling holes in the iron lamination. The dimensions of the bus bar slots are considered specified in the document sent by E.Floch and attached to this document (see Floch_document).

3) Protection circuit. Cold diodes or Warm connections?

4) Cryostat material. Have GSI any indications for the material of external vacuum chamber. Is steel usable or only stainless steel is required.

Furthermore INFN is waiting for:

1) B-H curve of M600-100A. This information should be available at GSI.
2) Fatigue properties of Nitronic 40

3) A piece of NbTi/CuMn wire to be sent to U.Gambardella for section micrographs and magnetic measurements

Next meetings.
The next meeting shall be dedicated to discuss the interface issues and will be held at GSI in the second half of January at a date to be defined.
Later on in April a meeting will be held at Genova for discussing the results coming from the model construction.
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