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Technical Specification for the development of 
a curved model coil for FAIR SIS-300
1. Introduction
The SIS-300 synchrotron of the new FAIR facility at GSI (Germany) will exploit fast-cycled superconducting magnets. The INFN and GSI have agreed to carry out an R&D activity aimed to prototypal developments. In particular INFN is in charge of the NTA_DISCORAP project foreseeing the design, construction and test of a curved 4.5 T dipole magnet with 3.8 m effective length, fully integrated in its horizontal cryostat.

This magnet has two main characteristics: 
a) It is curved, with a bending radius of about 67 m; 
b) It will be operated in fast ramp conditions (1 T/s). 
Due to the requirement to drop off the big contribution to ac losses in the cable caused by the electromagnetic coupling between opposite strands, the standard Rutherford cable will include a core, i.e. a flat stainless steel strip of thickness 25 m, placed between the two halves of the cable. 
A cored conductor implies difficult winding operations, in a manner not yet clear. For this reason the INFN R&D program includes the production of dummy cables for winding tests and the construction of winding models, to be carried out at a firm already possessing the needed knowledge, expertise, tooling and equipment for the scope of the work.
We believe that the technical and scientific knowledge acquired through this project may have wider application to accelerator magnets, e.g. for new injection machines or accelerators for medical purposes.
The aim of this R&D would require specific winding and polymerization tooling, if this tooling has to de developed ex-novo. In fact a previous INFN-industry study has demonstrated that the tool developed for the construction of LHC dipoles can be used with minor modifications.
Consequently this specification is intended to be answered by firms already experienced with LHC dipoles and still having in their premises the LHC tool available (from present time to the completion of the winding model). 
2. Scope of the Supply
This specification is aimed to the development of the design of a curved dipole prototype, including the definition of the methods and the tools for constructing the prototype, and the assessment of the developed manufacture technology through the construction of a winding model of the curve dipole. The engineering drawings of the technologically assessed curve dipole constitute the most relevant deliverable. It is stressed again that the engineering and the manpower for the construction of the dipole prototype is not included in this scope of the work and they are postponed to a possible second contract. Regarding the tooling the situation is different because the construction of the winding model will require winding and curing tools, which the Contractor shall arrange in a way that they could be used in the possible second contract aimed to the construction of the dipole prototype. 
.

The supply is therefore composed of the following seven deliverables:
1. Engineering design of the prototype curved dipole (above all the design of the coil ends is fundamental), which shall go in parallel with the conceptual design developed by INFN (See Sect. 5 describing the sharing of activities by INFN and Contractor) . The engineering design documentation shall consist in a set of engineering drawings and engineering reports covering the whole cold mass design issues: geometrical and electrical lay-out, winding procedures, collaring and implementation of the iron yoke, interfaces with the cryostat. 
2. Engineering design of the winding model. This objective can be partly considered a subset of the previous one; before finalizing the engineering design of the cold mass it is needed to construct a winding model, for which a dedicated engineering design shall be developed.

3. Engineering design of general equipments for the winding and the thermal curing of the curved model coils, intended as a modification/upgrading of existing tools already used for LHC. In this category winding machine, curing press, Young modulus measurement tools and other minor equipment are falling

4. Engineering design of specific equipments for the winding and the thermal curing of the curved model coils. In this category winding mandrel and polymerization moulds are falling.

5. Winding tests using a super-dummy cored conductor provided by INFN. In chapter 3 the characteristics of this conductor are reported.
6. Winding of curved half poles to assess the manufacture methodology. The winding model does not include collars and collaring operation, but only the polymerized curved winding. The conductor is the same super-dummy used for the winding tests. At least a couple of poles shall be produced fulfilling the specifications reported in chapter 6.
7. A complete set of documents at the conclusion of this contract including a complete set of "as built" assembly and detail drawings of all the components associated with this contract, both in hard copies and as electronic files according a format to be agreed
3. Cable Characteristics
In this section a detailed description of the conductor provided by INFN, to be used in the winding tests and the construction of the winding model, is given with the aim to make clear the operating conditions to be met by the winding method. The cable is not yet the final cable to be used later for the construction of the dipole prototype but rather a so-called “super-dummy Rutherford cable”, which is meant comply to all the mechanical and geometrical requirements of the REAL Rutherford cable that shall be exploited later for the prototype dipole winding. 

3.1 Characteristics of the strands

The characteristics of the superconducting strand are described in Table I.

              Table I. Strand Main Characteristics.
	Wire
	
	

	Diameter
	0.8250 ± 0.0025
	mm

	Stabilization matrix
	Pure Cu
	

	Copper RRR after annealing
	> 100
	

	Cu to NbTi (ratio
	1.6 ± 0.3
	

	Surface coating
	Staybrite (Sn5 %wtAg)
	

	Surface coating thickness
	0.5 
	μm


3.2 Characteristics of the cable
The characteristics of the Rutherford cable are described in Table II

              Table II. Rutherford Cable Main Characteristics.
	Geometrical
	
	

	Strand Number
	36
	

	Width
	15.1 ± 0.01
	mm

	Thickness, thin edge                                                   
	1.362 ± 0.006
	mm

	Thickness, thick edge                                                   
	1.598 ± 0.006
	mm

	Mean thickness at 50 MPa
	1.480 ± 0.006
	mm

	Core material
	AISI 316 L

	Core width
	13 
	mm

	Core thickness
	25
	m

	Transposition pitch (counterclockwise)
	100 ± 5
	mm

	Stabilization matrix RRR
	>70
	


3.3 Unit lengths
The length of cable required should be enough to perform the winding tests and to wind two poles. Actually the cable will be provided in two units, the first 360 m long and the second 420 m long. INFN is also exploring the possibility to provide a third length of 360 m. 
INFN intends that the last 60 m of the second unit length will be used to make tests with up to three different compaction factors, which shall be obtained changing the Rutherford mean thickness. This 60 meter long section will rest on the outer part of the delivered spool, so that it can be removed without cable re-spooling. 

4. The lay-out of the SIS300 dipole
The main characteristics of the prototype dipole to be developed are listed in Table III. Consequently the winding model shall fulfil the same geometrical constrains. INFN is developing a feasibility study of this dipole. The parameters of the envisaged dipole structure are listed in Table IV. It is reminded here that one of the scopes of the work is to develop an engineering design based on the conceptual design under development in INFN. Under this aspect some characteristics reported in Table IV could be modified according both to the INFN design development and to the progresses in the general engineering design carried out by the Contractor (one important aspect is related to the winding issues of the cored conductor, requiring to modify some parameters related to the lay-out, as the number of turns or their location, the material for the coil wedges and coil ends). As the activities will be progressing, these parameters (that one in Table IV) will be frozen for allowing the finalization of the engineering design. 
              Table III. SIS300 Prototype Dipole Main Characteristics.
	Magnetic Field
	4.5
	T

	Effective length of the prototype
	3878.5 
	mm

	Bending angle
	3 1/3
	degree

	Bending  radius  
	66 21/3
	m

	Allowed maximum slot length
	4818.3 
	mm

	Free aperture (inner side of the beam pipe)
	86 
	mm

	Coil inner diameter 
	100
	mm

	Field quality in 10-4 units @r= 35 mm (70 % of coil ID)
	 ± 2
	

	Ramp rate 
	1
	s


              Table IV. SIS300 Prototype Dipole Lay-out Characteristics.
	Number of turns
	32
	

	Number of blocks
	3 
	

	Radial thickness of Stainless Steel collars
	30
	mm

	Axial thickness of Stainless Steel collars
	1
	mm

	Coil wedges and fillers material
	G11 
	

	Quench Heater 
	LHC type 
	

	Ground insulation
	LHC type
	


5.  Design activity sharing by INFN and Contractor
Design activities falling under responsibility of INFN, and grouped in a so called Conceptual Design:

· Definition of prototype coil parameters
· Choice of the cable

· Definition of 2D lay-out (winding, collar and yoke dimensions)
· 2D and 3D Magnetic, thermal and stress analysis

· First definition of the head lay-out using Roxie
Design activities falling under responsibility of Contractor:

· Engineering drawings of the cold-mass components (winding, collars, yoke, vacuum vessel and assembly) with all details regarding to electrical and cryogenic connections
· Development of the ends design 

· Design of the specific and generic tool

Common INFN-Contractor design activities:

· Choice of material for insulation, coil wedges and ends fillers

6. Milestones
The following target dates and major milestones are INFN objectives in the design, development activities and construction of the winding model; they shall be considered an integral part of this specification. 
Time (months)
Milestones

T


Contract award date.

T+3


End of engineering design of general equipments for the winding

and the thermal curing of the curved model coils
T+3


End of engineering design of general equipments for the winding

 and the thermal curing of the curved model coils
T+3.5


End of engineering design of the winding model. Start of 




material  procurement
T+6


Winding tool ready. Start of Winding tests.

T+8


End of winding test.

T+10


End of winding model construction.

T+11


End of the engineering design of the coil prototype.

7. Acceptance Criteria
7.1 Engineering design of the prototype curved dipole Subsequently to the delivery, by the Contractor, of the prototype dipole engineering design documentation, INFN will analyse it on the basis of the self coherence and the completeness of the design, which shall be able to provide the proper information for starting the construction of the prototype dipole in a later phase according a possible second contract.. 

7.2 Engineering design of the winding model. Subsequently to the delivery, by the Contractor, of the winding model engineering design documentation, INFN will analyse it on the basis of the self coherence and the completeness of the design, which shall be able to provide the proper information for starting the construction of the winding model.
7.3 Engineering design of general equipments for the winding and the thermal curing of the winding model. Subsequent to the delivery, by the Contractor, of the general equipment engineering design documentation, INFN will analyse it on the basis of the self coherence  and the completeness of the design, which shall be able to provide the information for starting the construction of the winding model .
7.4 Engineering design of specific equipments for the winding and the thermal curing of the curved model coils. Subsequent to the delivery, by the Contractor, of the specific equipment engineering design documentation, INFN will analyse it on the basis of the self coherence  and the completeness of the design, which shall be able to provide the information for starting the construction of the winding model .
7.5 Winding tests using a super-dummy cored conductor provided by INFN. Since these tests are aiming to understand the mechanical behaviour of the conductor during the winding, they will considered finished when a satisfactory solution for the winding lay-out (in particular the coil ends) has been found and commonly agreed between INFN and Contractor
7.6 Winding of curved poles to assess the manufacture methodology. The winding models shall consist of at least two single poles of cured winding, fulfilling specifications in table III (regarding the dimensions) and table IV (regarding the lay-out) or a new lay-out commonly agreed with INFN. The geometrical tolerances will be defined in a later step; nevertheless they shall be coherent with the required tolerances of the collared curved prototype (i.e. 20 m for any geometrical parameters of the cross section). The cured pole shall keep the curvature for the entire length without the need to apply bending or un-bending forces with a maximum R/R= 1%.
7.7 A complete set of documents at the conclusion of this contract. Subsequent to the delivery, by the Contractor, of complete documentation, INFN will analyse it on the basis of the general  self coherence  and the completeness. The general requirement to be fulfilled is that the documentation shall allow the starting of the construction of the prototype dipole in a later phase according a possible second contract. 
8. General Conditions
8.1 Sub-Contractors

Main sub-Contractors shall be agreed by INFN; they must be stated in the Technical Questionnaire and the Contractor shall not engage other sub-Contractors than those stated in the Technical Questionnaire without prior written approval by INFN, which it may give or withhold at its sole discretion.

Notwithstanding any sub-contracting, the Contractors shall remain fully responsible for the proper execution of the Contracts, including but not limited to ensuring that the strand and cable are conform to the present specification.

8.2 Contract Management
The Contractor shall nominate a senior specialist a Contract Manager (CM) who will act as project leader and be responsible to INFN for all aspects of this contract throughout the contractual period..
The Contractor shall prepare a complete Quality Assurance procedures specifically designed for this contract. A general manual published by some trade organizations or government agencies is not acceptable.
Progresses of the execution of the Contract will be discussed periodically, and at least every month, during meetings between INFN and Contractor’s CM, who must provide updated and detailed reports on the performed activities and schedule for future activities.

8.3 Access to the Contractor’s premises

Representatives of INFN shall be entitled during working hours to visit the Contractor's facilities and those of his sub-Contractors, to inspect the manufacturing progress and to monitor any testing. INFN's presence at these facilities does not release the Contractor of any of his responsibilities under the Contract.

8.4 Responsibility

The Contractor shall be solely responsible and liable for all layouts, drawings, designs, specifications, reports, protocols, calculations and other documentation or information produced or prepared by him, whether or not based upon data, information or documentation provided by INFN or by any third party. Where the Contractor seeks or is obliged to seek INFN’s approval or agreement, the giving or confirming of the same by INFN shall not in any way derogate from the Contractor’s duties, obligations or liabilities under the Contract, nor diminish any liability on his part in respect thereof.
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