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A Very Simple Winding of Common Coil Dipole

M.Wake June 13, 2000-06-12

Introduction

Different approaches of common coil designs have been discussed for the construction of VLHC dipole magnets. To make discussions on the comparison among designs, analytical calculations using continuum current density is helpful not to be confused by the detail of the conductor arrangements. As a result of the calculation, the simplest winding for the common coil design can be proposed.

Analytic Formula

[image: image1.wmf]Common coil is essentially a rectangular coil design. Cancellations of the asymmetric multipoles are details and can be ignored in the analytic calculation. 

[image: image8.wmf]If the coil geometry is expressed by the vector 
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[image: image2.wmf], the multipoles produced by the pair of rectangular coils are:
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,where F is the sum of current part An and iron part Bn. The current with density j in the coil produces,.
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,for the poles 3,5,7… The case n=1 is the dipole component. 

For n=1,
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This formula was delivered from K.Halbach's formula (K.Halbach, Nucl.Inst. and meth. Vol 78 pp265, 1970) in the10T dipole magnet design at KEK (M.Wake et.al.KEK 81-1 1981). 

For the comparison, dipole field produced by an arc coil with coil thickness w and arc angle theta is simply expressed as:


[image: image6.wmf]
Comparison with arc coil

Cosine theta magnet is essentially, an arc coil arrangement. Using the formula, we can compare the arc and rectangular designs without complication. In case of arc coil, arc angle 60 degree gives zero sextupole. The amount of conductor for this cross section is easily defined. If we use the same amount of conductor in rectangular coils, we can design coils of different aspect ratio,

[image: image9.wmf]The results shown below are based on the 45mm arc coil design. The field produced by rectangular coil is a function of the coil height. If the bore diameter and the amount of the conductor remain the same, the thickness of the coil changes according to height. Too wide coil is inefficient because outer conductor become too far to produce field efficiently. I f the height become large, the coil becomes thin and, again, conductors become too far to produce center field. Around 1.5 cm of height produces highest field. It is noted that the field is always less than that of the arc coil in all the aspect ratio. The conductor efficiency is no doubt better in cosine theta magnet.

However, common coil can change the bore diameter without changing the coil cross section. By the reduction of the bore diameter, it can automatically gain field strength. If the bore diameter goes down below 30mm, the field becomes larger than that of 45-mm cosine theta magnet. Since cosine theta magnet has to change cross section with smaller bending radius at the end, common coil has the advantage in going into smaller bore.

Multipole behavior

[image: image10..pict]Using the formula, we can plot the multipole component of the field a function of the coil height for a fixed bore and coil width. The figure shows the case of 3cm-bore and coil thickness 1.5cm. Unlike cosine theta, there is no way to eliminate sextupole component in simple rectangular coil. It remains positive until it gets the infinite height. Of course all the poles decreases if the coil height become very large. To compensate the large sextupole component, various common coil design use auxiliary coils at different height or different radius. The increase of dipole component is almost linear in the beginning but soon it looses the efficiency. However, decapole component behaves differently. It crosses zero at 2.03 cm and goes negative beyond the height. If a magnet is designed at this coil height, it is a decapole free winding. Although it has large sextupole component and not usable for accelerator, the field level is of course much smaller compared to the dipole field. This aspect ratio is not so far from the most efficient aspect ratio.

Proposed coil

All the design in consideration eventually needs sextupole correction for the persistent current in the superconductor. The sextupole in the decapole free winding is not so large. Why not introduce correction coil instead of auxurialy coils. The sextupole produced by a current filament, I, is:


[image: image7.wmf]
,where theta and r are the position of the current in cylindrical coordinate system, neglecting the small iron contribution.

. Therefore if theta=18degree, this current does not produce decapole. We can introduce sextupole correction without disturbing decapole free winding. The current necessary to cancel the sextupole in the 3cm-free decapole winding at 11T is -22kA if the correction coil is at 1.3cm radius. This can be a single turn on the beam tube or mandrel of the coil. The 18-pole become very large like 98 unit but the1e-4 good field region remains 1cm aperture. Good thing about this is it is adjustable for every field including persistent current at injection. The shape of the coil is the 2-dimensional simplest race truck with no wedges. If there is a need for higher harmonics for the aperture reason, it is better to make bore a little wider instead of adjusting high harmonics.

Actual Winding

[image: image11..pict]The advantage of the racetrack coil is the simple 2-dimensional arrangement. To make best use of this advantage, it is desired to simplify the layer to layer connection and the lead arrangement. The best way is to use double pan-cake winding starting from outside. The coil can be wound in a racetrack shaped retainer. Tension of the conductor is no use in Nb3Sn winding since everything yields through the high temperature reaction. The ends of the winding can be connected to the thick copper bar located at the low field point for the future connection to the current lead. With both ends inside the racetrack, there is no leads sticking out the retainer. Handling of the coil should be easy and the necessary end parts are minimal. Reaction and epoxy impregnation can be done in the same fixture. Plates cover both flat faces for the impregnation. It might be a good idea to expand the inner retainer for the pre-loading. 
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