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Choice of the electrical steel for 
DISCORAP dipole

1) Commercial electrical steel

2) Simple method for separating hysteretic, eddy 
currents and anomalous losses

3) Choice of a commercial steel lamination
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M235-50A means that it is a magnetic steel (letter M), 
dissipating 2.35 W/kg at 50 Hz and B oscillating between -
1.5 T and + 1.5 T, the thickness is 0.5 mm
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The Si content has been used as main parameters
for evaluating electrical and magnetic properties

x = Si content (wt.%)
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Steel

M250-50A and M600-100A  seem the most suitable steel lamination. Our 
preference is for M600-100A, because the larger thickness allows to handle 
less number of plates
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Materials and lay-out for collars of 
DISCORAP dipole

1) Function of the collar in DISCORAP dipole

2) Review of existing dipole collars

3) Towards a possible lay-out

4) Choice of material
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Since the beginning of our R&D activities we did the choice 
to have the coil mechanically supported only by the collars.

This choice was mainly determined to limit the difficulties 
coming from the need to couple a curved collared coil with a 
curved yoke.

This approach can be considered of HERA-type, with the 
difference that we will use stainless steel collars.

We agreed with GSI that a relevant parameters was the coil
deformation during the field variation from 1.5 T to 4.5 T.
The maximum allowed deformation was fixed to about 50 
μm. As a consequence a collar of 30 mm thickness was
necessary, according the FE mechanical computations.
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To set a maximum deformation is clearly related to different issues:

1) Minimization of harmonics variation during the field ramp

2) Minimization of heat releases due to the  friction or local heat releases

3) Minimization of strain/stress variations in a frame of fatigue
problematic (peculiarity of SIS300)

Recent developments of the conceptual design clearly show that 
deformations larger than the agreed one are not necessarily worsening the 
field quality (See SF presentation). This would open the way to a reduction 
of the collar thickness, which has positive effects on temperature (and then 
stability) margin. I am now presenting a comparison between 
DISCORAP/SIS300 with other magnets to be followed, later, by a 
discussion about the basic reasons leading to limit the coil deformation to a 
given value.
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Yes~ 11-13~ 764.2-4.4

Self-supportCollar thickness
(mm)

Φint (mm)B (T)
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Warm iron
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Yes28.6~ 755.2

Self-supportCollar thickness
(mm) Al-alloy

Φint (mm)B (T)

HERAMagnet



P.Fabbricatore VI meeting INFN-GSI for R&D on SIS300 dipole GSI May 23 2007



P.Fabbricatore VI meeting INFN-GSI for R&D on SIS300 dipole GSI May 23 2007

In order to compare the different configurations we should  know the 
magnetic deformations. In fact the deformations are quite complex and 
not known. I propose a figure of merit, which could be defined as a 
sort of equivalent  deformation defined as :
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One can see that DISCORAP would be much more conservative if its ε is compared 
to existing magnets (considered here self supported as surely true for HERA and 
TEVATRON)
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Structure of the collars

All showed magnets have a 
collar structure composed by 
two elements composing a 
cylindrical containment (4 
elements are needed for 
guaranteeing the circular 
continuity). 

The 2D mechanical analyses 
were done using an 
homogeneous material. More 
refined 3D analyses are 
required for calculating peak 
stress around pins and keys.
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A different collar

LHC dipoles (due to their peculiarity to being two-in-one), used a different 
collar. In fact only one part of the collar has a mechanical function, the other 
being a sort of filler/closure. When assembling these collars in the usual way, 
the radial rigidity is strongly reduced (down to ½). Not having yet defined the 
precise collar lay-out, mechanical simulations were also done using an 
artificial Young modulus lower than the one of the material. In these case the 
deformations are larger and the peak stresses too.

Personally I think that this design shall be avoided in our case
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Material to be used in collars

The magnetic analyses showed that only a very low value of magnetic 
permeability is allowed (1.003) leading to a choice of high strength austenitic 
steel
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The LHC experience

We should avoid high Mn steel (too low thermal contraction, requiring more pre-stress). As 
a summary of these materials, Nitronic 40 seems the most suitable one for 
DISCORAP/SIS300
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Conclusions

1) There are arguments leading to reduce the actual collar 
thickness (30 mm)

2) The  collar lay-out could be HERA or SSC type 

3) The material envisaged material is Nitronic 40

4) The thickness shall be decided. However, on the basis 
of  FE analyses it could be about 2mm (Heat 
dissipation  about 3 mW/m)


