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Abstract:
It is shown that a certain amount of saturation is desirable in
some magnetic field clamps. A specific field clamp design is given that

allows precise adjustment of the saturation in the field dlamp.

‘Work performed under the auspices of the U. S. Atomic Energy Commission.
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Whenevér it is important ﬁo have a well defined and fiela level-
independent effective field boundarf (EFB) , one.usually ipcofporates into the
maénet design fiéld clamps ét both ends of the magnet. There are two bésic
typés of field clamps. in geﬁeral use:

1) Field clamps of thé "windowfréﬁe“ type, where the flux that eﬁters the
fieid clamp is carried by the clémp itself. This type of clamp does not
have a flux cairying low reluctance connection to the magnet itself,
except possibly a very desirablevlow.reluctance connection of the midplane
of the clamp td the midplane of the magnet yoke to make the perfdrmance
of the clamp iesé sensitive to its alignment. |

2) Field claﬁps consisting of two symmetric pérts that are not maénetically
éonneéted to each other, but to.their respectivebybkes, és indicated in
fig. 1.

In ordéfvtovobtain'a nearly field.independent shape and location of
the EFB, most field clamps are designed to contain sufficient amounts of steel
to make sétﬁration:of the steel negiigible. While this is a”neéessary design
criterion for field clamps of type 1), and often leads to clamps with forﬁid-
able dimensions,:negligible'saturation of the field clamp is not a desirable

feature of clamps of type 2).. The purpose of this note is to point out that

in field clamps of type 2), some saturation is desirable, and then.show how

one can obtain the benefit of the exactly correct amount of saturation in a
simple manner.

In oxder to develop the concept, fig. 1 shows schematically the upper

“half of the end of a bending magnet with a field clamp of type 2). (Beam in

or parallel to plane of paper) The arrows show crudely the direction of the
. : \
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field lines. If I00 indicates the number of Ampere-turns of the cbil, and

. > > : )
In equals SH*ds along the indicated paths, Ampere's law gives:

IOO=11+12+I3+I4. ' ‘ ) . - (1)

Similafly, fig. 2 shows a cross section of the upper half of the
same magnet, with the beam'prependicular to‘the plane of the paper. Field
lines and intggrétion paths are. indicated as in fig. 1, with.the paths that
are common with'paths in fig. 1l identified by the same numerals.' Application

of Ampere's law to the configuration shown in fig. 2 gives

-Ioo=Il+12+Is. » ' . (2)

From egs. (1) and (2) one obtains’

I =I_-1I_ . | _ (35

This equation follows, of course, also directly frOvamperefs law if
one chooses as the ihtegratioﬁ path paths 4, 3, 5, and the conﬁecting line
in fhe midplane. |

According to figs. 1 and 2, I5 and I3 Will have‘tﬁe same sign._ The
deéired'goal of making I4 = 0 can be acéomplished by compgnsating at the
highest operating'fiéld level the ﬁecessarily nonzero contribution_ls by a
nonzero 13. To:get a good compensation aiso at lower fiéld'levels,.it is'

~desirable to use the same steel for the field clamp that is used for the yoke}

and to make the field level and saturation path length in the clamp the same

as thgy are in the yoke. In most cases the path length in the clamp cannot be

e
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made quite as large as it is in the yoke, requlrlng a design that has a
field level in. .the clamp that is somewhat hlgher than it is in the yoke
along path S. Since it is only ‘the nonlinearity of the steel that then
makes thé compensation imperfect at lower field levels, one can expect that.

the compensation is quite good for all field levels, unless the path lengths

are quite different, and a numerical analysis confirms this.

Since in real life a magnet rarely béhaves.in.every detail exactly
as one predicts, it is advantageous to choose a design of the field clamp
that allows an adjustment of the finished magnet that makes I4 Z 0 at a
chosen field lévél.' Figﬁre 3 shows the concept of such a deaign. The clamp

consists of two parts. The main flux carrying clamp is ihtentionally‘

‘designed - to have a little more saturation than would be hecessary for

perfect compensation at the chosen field level, i.e., it alone would over-

5° That means that along that clamp, there must be a point that

_.has exactly the same scalar potential as the midplane of the magnet. - The

other part of the clamp is bolted w1th nonmagnetlc bolts to the top and

bottom of the main clamp, w1th a magnetic spacer separating the two parts of

fthe_clamp. By moving that spacer, one then can obviously connect the two

‘parts of the clamp magnetically so that at the reference field level, the

outer part of the clamp is ekactly‘at the desired scalar potential.
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. Fig. l.-Uppér ha1f of magnet end:with'single field clamp (beam in plane of
'paéet). |

Fig. 2. Upper half of magnet (beam perpendicular to plané of paper).

Fig. -3. Upper half qf magnef end with double field clamé (beam in élane of

paper) .
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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