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Pole Shaning 

Iron dominated magnets {Figure 1) are characterized in the lim;t of 

ini7inite perm~ability by a pole shape that is a magnetic equipotential 

where v = !H·dl. Deviations from this ideal because of finite permeability 

are associated with:·differences in path length, local saturation, flux 

c:ncentration in slotted pole (Fig~re 2) if crenellation is used, and sub 

s :.;:-face voids. 

field 1evels the variation in flux path lenoth throuohout 
-' . -

~he iron lowers the ffiagnetic potential on the iron surface more for the 

lcnger ;:aths. ft.s the excitation increases the pert.1eabil ity is lowered in 

regions of high flux density. Crenellation in this region offers some 

degree cf control over the permeability by concentrating the flux. To a 

lesser degree sub surface voids can be used to control the reluctance of a 

flux path. The net result suggests that the shape of the eff~ctive air 

9ap can be adjusted to be a magnetic equipotential sensibly equivalent 

to the ideal pole shape for infinite permeability. 

Crene11at ion 

Creneiiation descrioes the cross sectional shape of a slotted pole the 

m~gnetic consequences of which are used to control th~ effective air gap. 

Longitudinal crenellation uses two types of laminations. One shape is 

deteriiiined by infinite perme-ability considerations and the other by the 

inclusion of path length and local saturation effects. In stacking the 

;;;a£net a few laminations of the first shape are foilowed by several laminations 



-- :he s~~ond shape. This psttern is repeatfd throughout the magnet length. 

TrEnsverse cranellation uses a single laffiinaticn.in which a set of pro-

:nJsicns toward the medic:n plane is deter:nined by the effective air gap 

assuming infinite permeability {ya in what follows). Another set of re-

cesses has its level determined by path length and local saturation effects 

(YT in what follows). In practice parameterized shapes y6 and YT {see Table 1) 

used to express these curves. Tri~l and error adjustments of the parameters 

~re s2de ~ntil a reasonable compromise is obtained. 

Since longitudinal crenellation is a 30 caiculaticnal problem, whereas 

!r!~sv~rse crenellation is a 20 .Problem. only the transverse case is explored 

a~ ;::resent. 

Since 2 siotted ;:iole is used in crenellation it ~s necessary to know the 

ratio cf iron in the t~p to air in the slot. This may be characterized in a 

s~.:-::::-: r:.c:iner b,)1 c: stack~ng factor in the region to be crenellated. POISSON 

i·::s used to stacking factor in the pole shim region that gave ·a 

sisnificEnt improvement in field quality of 30 kG. Starting from STACK = .9 

a~ 2ppreciEble change occurred only when STACK w2s less than ~ 
• ,J. lt was decided 

that this smooth approximation to crenellation did not contain enough of the 

physics to continue but that a reasonable starting point might be a 1+1 iroo 

to air ratio. 

Exploratory calculations were made using LINDA. For accurate estimates at 

least two mesh units 2re needed both in the 2ir and in the iron for each ere-

neiiction. The best results were obtained using a 1/32 inch mesh size with 

3 ~esh units of iron and 5 mesh units of air describing the slotted pole. 

Using ~SIKL = O and NSIKL = 4 for the low field and high field results the 

~ara~eters for y8 and Yr were obtained as recorded in Table 1. 

Having determined good low field and high field properties POISSON was 

used to explore intermediate cases. Although the low a~d high field 



~xcitati2ns both give rather good field quality in agreement with Ll~DA, 

~he 1:-.te:-~.ediate excite:tions give significantly poorer field qua1ity 

(Figures 3-4 and Table~). Possibly the inclusion of.m~re parameters such 

as variable spacing and tapering could improve the quality for intermediate 

cases wi~hout destroying the low and high field cases. 

Two Current Dioole 

Since the 30 kG magnet envisaged is closer to b~ing iron dominated 

than conductor dominated it is possible that a geometrical relocation of 

conductors can control the field shape as saturation develops. 

A suitable quality high field can be obtained using a flat pole with a 

bevel to ~ake the transition to the coil window. At low excitation the 

poorer ~uf1ity field can be sig~ificant1y improved by reducing the vertical 

cf the coiJ Thus by using t1-.•o separate excitation coils an iron 

sha~e can be found that yields good field quality at beth high and low 

excitations. Furthermore,i~termed~ate excitations can also be of good quality 

by fractionally (f) exciting the second coil with respect to the first. 

LlND.t. 1-:as used to determine the iron shape and .coil disposition for 

r~SlKL = 0 and NSIKL = 4 that satisfied the good field quality requirement. 

For this iron shape and coil disposition POISSON is then employed to 

determine the fractional excitation that gives acceptable fields. These 

results are shown in two stages. Figures (5-6) and Table 3 result from· 

inputting the geometrical iron shape and coil disposition determined by 

L!ND . .C.. Jn this sequence,..however, only the first coil is excited in order 

tr.at one rr.ay compare with the next sequence in \ ... hich the second coil is also 

excited 

The final sequence has the fractional excitation (f)_ optimally adjusted 

for each case and varies from f = 0 for the low field case to f = l .for the 

high fie1d case. These results are given in Figures (7-8) and Table 4. 



~n ccncl~sion the re~~1ts for the transversely cr!nellated d~pole 

fre e~c:uraging but inco~plete. However, for the two current dipole an 

cC€~J~t2 ~rel1m1nary design is available. 



Table 1 Su~er~erric Dipole Parameters 

~xci:a:ion 75 kA-Turns 
~;~~sr of 7~r~s (for test magnet only) 

Ccnd~ct.or Size 

(!.;r:"'e1t Densi~y {averaged over matrix) 

1~·.·c Cur~ent 

(I in A-T~rns and f is relative density) 

+-p. X. ~~antsch ~ private communication 

40 
18i5 A 

.OS in. by .05 in. 
i50 kA/in2 

116. 25 kAlcm2 

11 62 . 5 AJmm2 

2350 A 

940 kA/in2 

145.7 kA/cm2 

i457 ft.Jr:nm2 

30.9 kG 

30.8 kG 
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I ,\ \, I (~ , .. ' crmNJ~TJJ~l\'l'gJ.) DIPOJ.,g (THl\N~iVl·:m; in 
-·---........... - .... -.. ·-··--·--·· ··-···-... ----

Exe i tn t.ion ( l\-'l'urns/pol c) 2000 15000 22000, /.9000 376/.0 

Central Field ( G) 19., 2 J.'1G7 ~j 2 09 5 ., 25'1'13 2 9 9 J. 1) 

l\mpf ac 1.0000 1.0001 1.0352 1.12'11 1.2395 

Median·~lane Field (6B/n
0

) 

x(in) 

.0000 .000000 .000000 .000000 .000000 .000000 

.0717 .000032 -.000470 -.000710 -.000304 -.000022 

.1170 ... 000073 -.001270 -.001935 -.001031 -.000052 
.. 

I 

.1639 .000000 -.002521 - . 00 3.7 56 -.001991 -.000070 

.2151 -.000023 - . 00 '1'191 -.006517 -.003427 -.00008() 

. 29 20 -.000001 -.000609 -.011966 -.006205 .000026 

Multipole Composition (Bn/B 1 at 0.300°) 

n 

1 1.000000 1.000000 1.000000 1.000000. l.000000 

3 . 000"671 -. 0002·00 -.012699 - i·OO 6 7 91 - . 000110 5 

5 -.000673 -.000207 .000728 .000663 .00072·'1 

7 -.001266 -.000084 -.000602 -.000495 -.000369 

9 . 000506' .000494 .. 000367 .000268 .000209 
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"'\ ·,, l., \ r. 3, 'l'WO cu.nm·:N'I.' 1nP.o:i ,i;: 
----.. ---.. ····------

Co:i.l .l (l\-Turn~/polc) :moo J.5000 7.;rnoo 29000 J7'10'.> 

Coil 2 (/\-Turns/pole) 0 0 0 0 0 

Central Field ( G) J.97 5 1'1026 /.J. '15 9 2G237 3093'1 

l\mpf ac 1.0000 1.0000 1.012'1 l.09J.5 l._lCJ'11 

Median Plane Field (6B/D ) 
0 

:x (in) 

.oooo .000000 .000000 .000000 .000000 .000000 

.0860 -.000010 -.00007.3 -.000026 .00045J. .00102G 

.1.765 -.000034 -.000059 -.000052 .002000 .00t)t)7.1 

.2625 .000115 .000062 . 0·0014 B ,004806 .010495 

.35JO .000960 .000063 . 001226 ,010260 .020009 

Multipole Composition (Dn/B.l at . 300") 

.J1 

1 l.000000 1.000000 1.000000 1.000000 1.000000 

3 :... . 000270 - , 0003,11 .... '000380 .p.005392 .012350 

5 .000320 ,000320 .000527 . oo.io a 1 .001576 

7 .000177 .000178 .000211 .000227 .000233 

9 .000007 .000006 -·, 000002 - ~ 0000.10 -.000015 
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-r r\ ~\ I c.: L/- 1 '.l.'WO Cll.H Hl·:tl'I' l)J l'OJ,J·: 

Co:i.l l (l\-Turnr./polc) 

Coil 2 (A.-Turn5/pole 

Central Field (G) 

i\mpf nc 

Median P 1'1 ne F icld · ( tlB/13 ) 
0 

x(in) 

.0000 

.0090 

.1513 

.2047 

.2501 

.3159 

2000 

0 

1977 

1.0000 

.000000 

-.00001'1 
I 

-.000021 

.000013 

.000151 

.000562 

Multipole Composition (B /D1 at .JOO") . n 

n 

1 

3 

5 

7 

9 

1.000000 

-.000196 

.000369 

.000103 

.00000'1 

J.'1 0 II 0 

l /.0 

14025 

1.000'1 

.000000 

-.000031 

-.000072 

-.000006 

-.000016 

.000293 

1.000000 

-.000390 

.000327 

. 000101. 

.J00003 

7. 1 :10 n 

G ~l /. 

21'1'12 

1.01'1'1 

.000000 

-.000005 

-.000227 

-.000360 

-.000'133 

-,000292 

1.000000 

-~ 
.000127 

.000204 

-.000002 

2?./.'10 

G '/ 52 

25904 

1.1069 

.000000 

- . 0.00053 

-.000156 

-.000203 

-.000427 

-.000540 

1.000000 

-.00061G 

-.000079 

. 000.129 

.000001 

:~ ::! J J'.) 

150GG 

29969 

1. 23'10 

. 00000 0 

.000043 

.000105 

.000145 

.00014?. 

.000060 

1.000000 

.000532 

-.000531 

.000053 
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