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Iron cdominated maagnets (Figure 1) ere characterized in the limit of
iniTinite permecbility by & pole shape that is a megnetic eguipotential
where v = fH-de. Deviations from this ideal because of {inite permeability

ré zssocietsd with:-differences in path length, local seturation, flux
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concentration in siotted pole {Figure 2) i7 cremellztion is used, and sub

fcr mocerete Tield levels the veriazticn in flux path Tength throughout

ciertiel the iron surface more for the
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Jericer szihs. £Ls the excitation increzses the permezbilitv is lowered in
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,f hich flux density. Crenellation in this region offers some
cegree ot contrcl over the permesebility by concentrating the flux. To a
lesser csgree sub surfzce voids can be used tc control the reluctance of a
Tiux pzth. The net resuli sucgests that the shape of the effective air
czp can be zdjusted to be & mzgnetic equipotential sensibly equivalent

to the icdezl pole shape for infinite permeability.
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Creneliation describes the cross sectionzl shape of a2 slotted pole the
mzonetic consequences of which are used to control the effective air gap.

Longitucinal crenelleztion uses two'types of leminations. One shape is
determined by infinite permeezbility considerztions znd the other by the
inclusion of path 1ength end local szturation effects. 1In stacking the

mzgnet & 7ew laminations of the first shape are fcilowed by several laminations



o7 the szcond sheape. This pattern is reszzted throughdut the magnet lencth.
Trensverse crenelletion uses & single lemingtion.in which & set of pro-
trusicns toward the mecien plane is determined by the effzctive air gap
gssuming infinite permeability (yg in what follows). Another set of re-
cesses hes its level determined by path length and local saturziion effects
(¥r in what follows). In practice parameterized shazpes ¥p and y7 (see Teble 1)
ere used to express these curves. Trigl and error adjusiments of the paraméters
gre mace until a reasonzble compromise js obtzined.
Since longitucinal crenellation is a 3D caiculaticnzl problem, whereas

trznsverse crenelletien is & 2D problem, only the trensverse cese is explored

Since & slottec pole is usec in crenslleticon it s necesséry to know the
ircn in the tip to &ir in the siot. This mey be cheracierized in a

smooth menner by & stecking Tecter in the recion to & enellated. POISSON
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w2s uysed to cetermine & stecking factor in the ©ole shim recion thet gave a

STACK = .9
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sicniticent improvement in Tield quality of 30 kE. Stertin
en zpprecieble change occurred only when STACK wes less than .5. It was decided
thzt this smooth approximztion to crenellztiion did not contzin enough of the
physics to continue but that & reasonable sterting point might be a 1:] irop

o &ir ratio.

Exploratory calculztions were mzde using LINDA. For zccurate estimates at

-

ezst *wo mesh units azre neeced both in the 2ir end in the iron Tor each cre-
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relleijon. The best results were obtzined usinc & 1/32 inch mesh size with

m

2 mesh units of iron end 5 mesh units of air describing the slotted pole.

Using KSIKL = 0 znd NSIKL = 4 for the low field end high field results the
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or yo ang yg were obtained as recorcsd in Teble 1.

Seving determined good low Tield &nd high £ie16 properties POISSON was

vesc f0 explore intermedizte cases. Although the low and high field



gxcitetions beth give rzther good fieid quality in zcreemznt with LIRDA,
the inierradiate excitetions give significanily poorer Tield quality
(Figures 3-4 and Table 2). Possibly the inclusion of more parameters such
&s verisble spacing and tepering could improve the quazlity for intermediate

cases without destroying the low and high field cases.

Two Currznt Dipole

Since the 30 kG magnet envisaged is closer to being jron dominzted
then conductor dominzted it is possible that a geometricezl relocation of
concuctors can control the field shape zs saturation cdevelops.

A suiteble cuality high field cen be obtained using a flat pole with a

bevel ic meke the trensition to the coil window. At Tow excitztion the

poorer cuelity Tielcd can be significantly improved by reducing the vertical
hzichi ¢f the coil Thus by using two szperete excitztion coils &an iron
shepe cen be Tound thet yields gooc fielc guaiity &t both hich and low

‘4

excitaiions. Furthermore, intermeciztie excitetions czn 2iso be of cood quality
by frecticnzlly (f) excitinc the second coil with respect to the first.

LINDE wes used to determine the iron shzpe and coil disposition for
RSIKL = 0 e&nd NSIKL = 4 that satisfied the cood field quality reguirement.

For this iron shape and coil disposition POISSON ié then employed to
cdetermine the fractional excitation thet gives accepteble fields. These
results zre shown in two staoes. Ficures (5-6) and Tzble 3 result from
inputting the ceometrical iron shape znd coil disposition determined by
LINDA. 1In this sequence,- however, only the first coil is excited in order
thezt one may compare with the next secuence in whfch the second coil is also
excited

The Tinal sequence hes the fractione]l excitetion (f) optimally adjusted
for ezch cese and veries from f = O for the low 7ield case to f = ).7or the

nigh field czse. These results are given in Figures {(7-8) and Tzble 4.



In cenclusion the resulis for the transversely crenelletzd dipole
zre znccurecing but incompliete. However, for the two current dincle an

ecscuata rreliminary desion is zvailable.



ieble 1 Sugper?
lzrirzl Tield
Ixcitezion
humtsr of Tures (Tor test magnet only)
vonductor Current
Conductor Size

ferric Dipole Parameters

30 kG
75 kA-Turns
40
1875 A
.05 in. by .05 in.

Current Density (averzged over matrix) 750 kA(inZ
116.25 kAJcmt
1162.5 A/mme
Stort Szmplie Current* 2350 A
Skert Szroiz Current Density 940 kA/in?
185.7 KA/enl
1457 £/mal
Zzzk Figid
cremziizisc 30.6% kG
TwZ Ccurrent 30.8 kG
SeraTeierizzTicn
- .y 1,6 .2 1 2.25 2
fvzr215z2t2c (3 Ve = — e X = -
Cresslizted (in.) oy T piyr Xy Yt zoTiT X
- -~ - - 4 R | -
1w LUTTEnC ]T - '1‘0-1 ‘TOT IB ITOT IT
(I $in A-Turns and ¥ is reletive density)
*P.M¥. Mentsch, privete communicetion
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CRENELLNTED

DIVOLE (TRANGVERSE)

Excitation (A-Turns/pole)
Central Field (G)

Ampfac

Median Plane Field (8B/B )
x (in)
.0000
L0717
.1178
.1639
.2151

.2920

2000
1972

1.0000

.000000
.000032
.000073
.000080
-.000023

-.000801

Multipole Composition (B, /B, at 0.300")

n
1
3

1.000000

,000671
~.000673
-.001266

.000586

15000
14675

1.0081

.000000

.000470

.001278

002521

.004491

.008689

1.000000

.008208

.000287

1

.000884

.000494

22000,

20957

.000000

.000718

.001935

.003756

.006517

.011966

1.000000

.012699
.000728
.000682

000367

29000
25443

1.1241

.000000
-.000384
-.001031

.001991

!

.003427

.006205

1.000000.

)

006791

.000668. .

.000495

000268

37620
20914

1.2395

.000000

~.000022
~.000052
-.000078

-.000089¢

.000026

1.000000

-.000405

.000724

-.000369

.000209
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1

Coil 1 (A-Tuxrns/polc)
Coil 2 (A-Tuxrns/pole)
Central Field (G)

hnpfac

Median Plane Fieid (AB/B
» (in
.0000
.0860
.1765
.2625

.3530

Multipole Composition (Bn/B1 at .300")

n
1
3

18]

.\L»\ e 3, TWO CURRENT DIEPOLE

2000

1975

1.0000

o)

)
.000000

-.000018
~.000034
.000115

.000960

1.000000

~-.000270

.000328
. 000177
.000007

15000
0
14826

1.0000

,000000
-.000023
~.000059

.000062

.000863

1.000000
-,000341
.000328
.000178
.000006

22000

21459

1.0124

.000000
-.000026
-,000052

.00d148

.001226

1.000000
~,000388
. 000527
. 000211

29000

26237

1.0915

.000000
.000451
.002008
,004886

010260

1.000000

=~ 005392
.001084
.000227

-,000010

37405
0
30934

1.1941

.000000
.001026
. 0044721
.010495

.020809

1.000000
.012358
.001576
.000233

-.000015
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Coil 1 (A-Turns/pole)
Coil 2 (A-Turns/pole
Central Field (G)

Ampfac

Median Plane FField -(AB/BO)
x(in)

,0000

.0890

.1513

.2047

.2581

.3159

lMultipole Composition (Bn/Blv

n

1

(631

2000

0
1977
1.0000

.000000
~.000014
-.000021
.000013
000151

.000562

at .300")

1.000000
-.000196
.000369
.000183
.000004

14000
120
14825

1.0004

.000000
-.000031
-.000072
-.000086
-.000016

,000293

1.000000
~.000390

.000327

.000181

.000005

PTWO CURREMT DIDOLNE

21308

.000000

.000085

.000227

000360

.000433

1

f

.000292

1.000000
.0001.27
.000204

~.000002

.000000
.000053
.000156
.OOOZB3
.000427

.000548

.000000
.000616
.000079
.000129

.000001

22339
15066
29969

.000000
.000043
.000105
.000145
.000142

.000060

1.000000
.000532

-.000531
.000053

J00008%



