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Minute of the IV Meeting GSI-INFN  held in Genova on  December 19th   2006
The aim of this meeting was to close the first part of the activities aiming to perform feasibility studies and preliminary developments and to move towards the conceptual design.

In this frame INFN thought that several parameters should have to be frozen and the meeting should have had as result the definition of the agreed parameters. This point is very important because any delay in defining what exactly we want to do will introduce delay in the global R&D program.

The agenda was organized in a way to discuss the relevant points and to get a conclusion for the starting of the conceptual design phase.
Participants:

AS-G

R.Marabotto and A.Pellecchia

GSI: 


J.Kaugerts and G.Moritz
INFN Genova: 
P.Fabbricatore and S.Farinon 
INFN LNF:
U.Gambardella

INFN Milano-LASA
 M.Sorbi and G.Volpini
AGENDA

1. Introduction

P.Fabbricatore

2. Status  of INFN-GSI agreement

P.Fabbricatore- G.Moritz

3. Latest SIS300 parameters

G.Moritz

4. Status of Conductor Development at INFN

G.Volpini

5. Status of Conductor Development at GSI

J.Kaugerts

6. Status of 6T magnet  R&D

J.Kaugerts

7. Short report: curved dipole based on double-helix 

J.Kaugerts

8. Status of Mechanical 2D Design

S.Farinon

9. Conductor dimensions:


9.1 Magnetic design point of view

M.Sorbi


9.2 Quench point of view 

M.Sorbi 


9.3 Past experiences

R.Marabotto

10. From feasibility study to Conceptual Design

 Common Discussion
SUMMARY OF MAIN POINTS:

· Design parameters. The activities performed at INFN allowed restricting the range of variations of several design parameters, which should be frozen to be able to move from preliminary studies to conceptual design. In particular: 
1. Coil Inner Diameter

92 mm

2. Length of the prototype

3.8 m (effective length)

3. Bending radius


66.7 m

4. Number of turns

32

5. Number of blocks

3

6. Cored Conductor  (Same dimensions of LHC outer layer)



6.1 Wire Diameter

0.825 mm


6.2  Matrix/Sc ratio

[1.2-1.6]



6.3 Number of strands

36

7.  Temperature margin 

1 K

8. Thickness of the SS collar

30 mm 




(holding all the force)

9. Coil wedges and fillers 
 G11

Unfortunately the freezing of the parameters was not possible because, as reported by G. Moritz, the basic parameters of the SIS300 lattice were far to be frozen and in particular it seemed that the usable aperture of the dipoles had been moved from 78 mm to 86 mm causing a variation of the dipole inner diameter from 92 mm to 100 mm.  This modification has not negligible effects on the design and in addition makes partly useless the work done in INFN for defining a suitable dipole layout. Three points seem worth mentioning:

i)
One of the advantages of curved dipole vs straight ones was to reduce the inner diameter. In fact now we have the same diameter of the 6 T straight. 
ii)
Increasing the inner diameter we could have higher peak field and/or higher current, leading to a decrease of the stability margin (Not all participants agreed on this point). Actually this margin is 1 K and INFN thinks that it is at the minimum acceptable value. If the margin is still reduced it could be necessary to move from one layer design to a two layer design making the dipole enormously more complex and loosing almost all advantages with respect straight dipoles, including the cost save, which is nullified (The 2 layer curved coil, if feasible, would cost more than the straight version).
iii)
The procurement of the conductor is already started at administrative level. Within January the committee for the tendering has to freeze the parameters, before inviting the firms to send a quotation. But now nobody can be sure that the conductor is the correct one.
It is agreed that P. Fabbricatore will formally ask the FAIR Technical Director to check the situation of the SIS300 lattice design. If the useful diameter is really changed from 78 mm to 85 mm, INFN can not move  to the conceptual design phase but need some times (one month and half) to generate a new preliminary lay-out and re-check the feasibility (INFN is  in favour of solution keeping the aperture below 80 mm). 

However if INFN will find a satisfactory solution, INFN need that the new parameters (below reported) are not changed in the future or, alternatively, it is accepted that INFN will develop a prototype on the basis of these parameters.
List of parameters needing to be frozen by GSI

1. Magnetic Field



4.5 T
2. Effective length of the prototype

3878.5 mm (exact half length 






of the main dipole)

3. Bending angle



3 1/3 degree 

4. Bending radius



66 2/3 m
5. Allowed maximum slot length

4959.2 mm
6. Free aperture (inner side of the beam pipe)
86 mm, leading to 100 mm coil ID 

7. Field quality in 10-4 units @r= 35 mm (70 % of coil ID) 
7.1  Stretcher mode


± 2 
7.2  At injection field of 1.6 T

± 2
7.3  At extraction field of 4.5 T

± 2
8. Ramp rate



1 T/s
· Conductor.  INFN-activities Based on the results of the Ic measurements on wire twisted with pitches down to 3 mm, INFN asked to Luvata to twist a length of 200 m out of 400m at 5 mm, for further tests, including those requested by GSI.  The funding for the cable development is split over 2006 and 2007. The aim is to develop two generations of Rutherford cables “minimal” & “optimal”. INFN-LASA is trying to have a single contract for both. Technical discussions with the companies are in progress. The contract awarding procedure requires that an ad-hoc committee invites the companies potentially able to manufacture the cable. The foreseen quantities are 2 x 360 m of 1st generation (3.5 m filaments) within 12 months from the order and 3 x 360 m of 2nd generation (2.5 m filaments) within 16 months.  A smaller order (360 m + 420 m) for a super-dummy cable (i.e. a cable done with existing sc wires of LHC) will be awarded independently, to speed up its delivery.
Timetable

· 3 Nov 2006
discussion with referees for 2007 funding

· July  2007
preliminary test with superdummy  
· Oct 2008
coil winding › final cable
It is agreed that the specifications will be circulated to INFN and GSI so to find a general agreement on them, before starting the tendering phase. The parameters to be agreed are the following: 

[image: image8.emf]         Table I .  Wire  Main Characteristics.   Wire    Notes   Di ameter  after surface coating  0.825  ± 0.00 3  mm    Filament twist pitch  (clockwise)  5   +0. 5   - 0  mm    Effective Filament Diameter  for   1st Generation  3.5   m  a )   Effective Filament Diameter  for   2nd  Generation  2.5   m  a)   Inter filament matrix material  Cu 0.5%wt Mn     Filament twist direction   right handed screw     Jc @ 5 T, 4.2 K  2,781  A/mm²  b)   Ic @ 5 T, 4.2 K  > 530  A  c)   n - index  @ 5 T, 4.2 K  > 30    Stabiliz ation matrix  Pure Cu     Strand transverse resistivity at  4.2 K  0.4 + 0.09 B [T]  n  ∙m    Cu+CuMn:NbTi ratio (  ratio   ~   1. 6     Surface coating  material  Staybrite (Sn5 %wtAg )   d)   Surface coating  thickness  d  0.5 <  d  < 1    m      Notes :   a)   As measured from magnetiz ation .   b)   Reference value, a s  computed from nominal values of   Ic and   .   c)   This is the primary value  for virgin wire . It is 3% higher than the cabled values, to  keep into account degradation during cabling .   d)   Same coating used for LHC  dipoles.  



[image: image2]
GSI-activities Low loss, small filament wire development at GSI has at present ceased since INFN is doing this. For a mis-understanding about the scopes of the preliminary developments carried out in INFN, GSI believed that INFN was willing to develop a conductor obtained by restacking 7 elements of Luvata OK3900 wire. This wire was only an exercise aiming to understand: 1) Degradation of the Ic when reducing the filament diameter under 3 m; 2) Effect of Mn in reducing the transverse resistivity. However the time dependent magnetization measurements to be made at Twente on this wire are extremely important for establishing a comparison with results obtained by INFN and reported in the file Report_Luvata_7_OK3900.doc (The important parameter RRR was not yet measured by INFN). The general position of GSI about the wire developments is to start with design A of M.N. Wilson‘s GSI Report 29 and proceed to design C if A works, but lower losses are desired. The synthesis of INFN and GSI positions shall be expressed by an agreed specification for the above-mentioned INFN tender.
Regarding the cable, heat treatments and coil curing cycle simulations have been developed at BNL to give the desired goal value of strand adjacent resistance Ra = 200 μΩ for single layer and double layer coils. The variability of Ra across the cable and along the azimuthal direction in the coil can be significant (see SSC measurements). Present Ra measurements are made on rectangular stacks at constant pressure. Pressure across the cable inside an LHC  magnet  varies by a factor 3 and also depends on the magnet current. Ra variability can affect AC loss and field harmonics during magnet ramping. It is needing to see how high Ra can be made without significantly affecting magnet stability. Minimum Quench Energy (MQE) measurements were made on cored LHC dipole outer layer cable for cables with Ra in range 0.5 μΩ to 9 mΩ (4 values– see ASC 2006 paper , where test results are not yet interpreted.
· Conductor Design. In the III GSI-INFN meeting, it was raised the proposal to investigate the possibility to involve a 40 strands cable to increase the temperature margin and to reduce the current density for having a lower heating during quench (with the final aim to avoid the use of cold diodes sensible to radiation). This matter was studied by M.Sorbi looking at different aspects. He compared a 36 strand design with a 40 strands design. The relevant parameters of the two solutions are:
	 
	36 strands
	40 strands

	Block number
	3
	3

	Turn number:
	20+8+4
	22+8+3

	Current
	8463 A
	8391 A

	Bpeak
	5.053 T
	4.941 T

	Bpeak / Bo
	1.12
	1.10

	Current sharing temp.
	5.68 K
	5.88 K

	Temperature margin
	0.98 K
	1.18 K

	Loss in conductor. on ramp
	7.4 W/m
	9.3 W/m


The main reason leading to have preferences for 36 strands are due to several disadvantages of the 40 strand configuration:

· 40 strands seems less easy to optimize (Both M.Sorbi and S.Farinon stressed this aspect)
· Lower curvature radius for conductor (given the satisfactory lay out found through harmonic optimization) 
· More rigid conductor (R.Marabotto made some considerations reported below)
· Not easy to apply pre-stress on conductor
· +25% power losses on conductor compensating the 20% increase of temperature margin
· Thicker spacers: problem in quench propagation?
The quench issues were studied separately leading to the conclusion that two possible and save protection schemes are envisaged:
1. By-pass diodes with quench heaters like LHC (very safe and classical solution but maybe expensive)

2. Heaters only, without by-pass diodes (more “active” protection scheme, and probably still safe in case of heater failure)

The use of quench heaters is in any case recommendable, for temperature differences along the magnet. The standing alone prototype is in any case safe (with quench heaters), whatever the fraction of the extracted energy.

R.Marabotto reported about difficulties met by Ansaldo in past experiences (documented by papers in literature) for the winding of a 17 mm large Rutherford cable.
In conclusion  INFN believe that the 40 strand cable is not a viable solution and will concentrate on the 36 strand version.

· Mechanical issues. This point, covered by S. Farinon, was aimed to demonstrate that a complete 2D computation process has been developed for calculating the field harmonics of a dipole, taking into account the pre-stress at room temperature, the cool-down at operating temperature and the energization. It was shown how the pre-stress is controlled, through a thin spacer (from 0.1 to 0.5 mm) placed on the top side of the upper turn. Using a collar 30 mm tick, the maximum displacement during the energization is 40 m. Next developments of 2D computation will involve a more refined modelization, including ground insulation and quench heaters. The 3D computations using ROXIE is started with the aim to define the coil ends design.
CONCLUSIONS
1) Preliminary design is finished. It is mandatory to freeze the dipole parameters to allow INFN to start conceptual design and conductor procurement.
2) An agreement GSI-INFN shall be found on INFN conductor specification

3) INFN is oriented to a dipole with one layer of 36 strands conductor made of 0.825 mm wire and involving SS collars with thickness 30 mm, to guarantee a limited displacement during energization, and G11 coil wedges and end fillers. The use of quench heaters is envisaged.

4) Next GSI-INFN meeting is planned for March 8 2007 at GSI
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[image: image6.wmf][image: image7.emf]               Table II. Rutherford Cable Main Characteristics .     Geometrical    Notes   Strand Number  36    Widt h  15.10 +0  - 0.020  mm   Thickness, thin edge                                                     1.362  ± 0.006  mm   Thickness, thick edge                                                     1.598  ± 0.006  mm   M id - thickness at 50 MPa  1.480 ± 0.006   mm   Edge r adius  ≥ 0.30  mm  a)   Core material  AISI 304  L  stainless steel , annealed    Core width  13   mm    Core thic k ness  25   m    Transposition pitch    100   ± 5  mm    Cable transposition  direction  left - handed screw thread     Electrical      Ic @ 5 T, 4.2 K  > 18.5 40  A    n - index  >30    Stabilization matrix RRR  > 70    R a  200     R c  20  m     Notes:   a)   The geometrical layout has been  inspired to  LHC dipole outer cable design.   Dimensions are  specified  at 20 ° C  
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