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PURPOSE

The banding used to contain the coils in a supercohducting
dipole might be simplified if stainless steel were used rather
than the fabricated plastic bands now envisaged. The use of
metal bands depends on the magnitude of the fields and the
assoclated power loss arising from eddy currents. An estimate
of these effects is made using excitation currents and eddy
currents confined to cylindrical sheets. Also, for simplicity
no outer magnetic shield is included. For reasonable bands
and a frequency of 1 Hz the field distortion is 1esé than

1%106 and the power dissipated is less than 1 W/magnet.

VECTOR POTENTIAL OF EXCITING CURRENTS

All geometrical guantities are depicted in Fig. 1. The ex-~

citing current is assumed to be

i =1

; 0 cos¢ (abA/cm) : (1)

and confined to the cylindrical sheet at p = a. Then for. the

guage in which V*A = 0,

1 O<p<a
A =0 A =20 A = B coso (2)
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The corresponding flields are
( |
1 ~hy aa, |1
H = >s1n¢, H = - —= = ¢ S cosd . (3)
oo -B ¢ %0 | B |
} -1 L+
22 ey
+ - + -
A = — = ] =
t p a H¢ H¢ Mﬂlz, Hp Hp or
A = 2mi | By = 2ﬂi0 a2, (L)

FIELDS AND POTENTIALS FROM EDDY CURRENT SHEET AT p = b

In order to satisfy v-I = 0 for the surface eddy currents at.

o = b choose the following harmonic expansion.

nma

nnb . nng _
3 T (5)

i = cos¢d 2 i sin i, = -~s8in¢g I — cos
% ¢ l’lln > ¢ Cb d ll’l

To be consistent with the gauge previously chosen, one again

seeks a vector potential that satisfies V-A = 0. However, the .

most general vector satisfying this condition may be written as
A=1LW

1 +V LW, (6)

——

where, for the problem at hand the I. - operator is most con-

veniently expressed as

L =kxV (k = 2 - unit vector) . (7)

-

The properties of the L - oper‘a’cor:L suggest that

= 2 -
=0, VEW, =0 (8)

= b

will insure that A satisfies V x V. x A = 0. In this case,

however, Eq. (6) may be replaced by

A=LW+V9Y o (9)
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where
W =W Vo ¢ = 0 . (10)

Thus, to permit a connection with the dipole excitation po-

tentials, choose

da nwp nmz | 0<p<b
J’Zn e Cn Il( a1 ) cos - {
W = } ysind (11)
i d nwp nnz b<p<w
L Zn ﬁ Dl’l Kl(———d ) CcOSs -———*d J
a nwp nﬂz~? 0<p<b
Zn nw En Il( d ) cos d
o =<¢ | fcos¢ (12)
d_ nmp nmz b<p<e
(zn nm Fn Kl( d ) cos d

The vector poten%ial due to eddy currents becomes

. o d nmwpe 1, 0TP nmz
Epl= gme Cn InGg) + By I, (531 cos =57
_ 1l oW & _ -
Ap ——5-'5'6:.+‘3"5‘. . cos¢
_ _d nmwe tonmp nmz
zn[ nwp Dn Kl( d ) + Fn-Kl( d )1 cos d (13)
.
enmpy _ _d nmp nwz
z:nwn Il( d ) nwp En Il( d )1 cos d
_ oW 1l 929 _ .
ERE TR T sing
tonmpy _ _d nrp nmu
Zn[Dn Kl( a ) nmp Fn Kl( a )1 cos a (14)
_ nmp ... nmz
"o L, B, Il( 3 ) sin =3— |
AZ v _ cos ¢ (15)
_ nmp . nngz
En Fn Kl(—a—) sin =3
The corresponding fields become
1
nm nmp . NTZ
22y Ing Cp 10550 sin =g
Hp = - 5557 = sing (16)
nm 'nmp .. Nz
. 3§ D, Kl( 3 ) sin 5
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1 nwp nmz }
e Z 5 Cn Il( ) sin = |
H = - = = } COS¢
b P 000z |y 1 D K (AT0y oy, DTZ f
L np 1 a J
fi nw T (BTRy oog RTZ
2 I “n n d
Bo=-23W_ L s1
, =" g—§ = > sing
7 nm nmwe nrz
{\denK( ) cos HIZ
Ep = - ijp’ E¢ = - ij¢, EZ = - Jw(A_ + AZ(EXClt )) .

BOUNDARY CONDITIONS

At p = b the following conditions

conditions among the coefficients

produce the corresponding

+ - nﬂb nﬂb
H = =
o = B ( D, X < )

+ - .. ntby _ nmb, _ .
H¢ - H¢ = Hﬂlz : Dy Kl(—a*) C, I ( Mwbln
_ + : . nwb _ nﬂb = .
HZ - HZ 4ﬂ1¢ : l( C I (—— uﬂbln
E:.— E; = Urg : Will not need the surface charge.

+ - nﬂb nrh
E = E = .
b 5 I, K, (&3

The eddy currents i in the surface, p
electric field E by Ohmt's law: 8 E =

conductivity. Hence

= b, are related to the

—n

> Where-s is the surface

nwb
= 4 . nﬂb _ _a nnb
5 By = ;¢ © Gy T, 1580 ~ @ Bn 157 T stb
Finally, the condition, s E =1 , gives for b > a
jus 2 a® [ r, B I (n"b) sin 22 = 3 5 sin 2E2
T Jus 2T T dg T Jus a niy d

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

1n.(25)

(26)
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BANDING CONDITION
The surface currents are to exist in a width ¢ with a
repeat distance of 4. Hence the first term in Eq. (26) may

be multiplied by

fb O<z<—(d—c)

nw ‘nme . n
n T2 (27)

Alas

(1 Aé(d—c)<z<§(d+c) =

ko %‘-(d+c)<z<w

Thus, combining Eq. (27) with Eq. (26) gives

g2 sin %1 s, nfc . _ ,nmwb
- 8jusb " iy =g sin 3~ + Jus By I;() = 1. (28)
COEFFICIENTS
From Eqs. (20-28) one has
- nwb f nrb .
D - u (‘nﬂ'b) “It (n'ﬂ'b)_bi_#
S - T - A (30)
(n'n’D')z
T d , ' .nrb enwby 1 .
E, = T{(nwb} [ﬁﬂ Il( a) ch a) jmsb:]bln (31)
ir d v
(n‘lTb)
= d nnb nnb - 3 :
Fn X (nﬂb) [? I =3 K ( ) Jusb bln _ (32)
M1y a :
. 8Juwsb éi sin BT sin BTG
_ b2 2 24
= (33)

i, ((mrb) [lhr jusb I, (mrb) K (n'rrb)_]] }



MEDTIAN PLANE FIELD

- . 1 npx .
Hy(x,z) 2ﬂ10+ = Zn Cn Il(~a—) sin
Averaging this over z gives
g N, - _ : 2 1 nmx
<<Hy(XZ/AV 2ﬂl0+ X Zn n Cn Il( d )
which, upon expanding in x gives
' AN 1 1,nmx 2
<ﬁy(X1/AV = -oemigt gk, Gl 3 23 )t
At x = 0. one has
A <Hy(0)>Av - (= 2my) oI cy
H ' . C T
- 2ﬂ10 2ﬂ10 d
In addition
o 2
1
B {H (0D o omE, 0t o
H . : 3
- 2m 81, d
POWER DISSIPATED IN BANDS
P = Real E:[)E * 1 'bdédsz
P = 2 i i;*jlf cosZ¢ sin BIZ gin BIZ
ygsvzn %m,rl m _ d a -
+ E%9~- Q%E sin%¢ cos Egé cos Q%E } d¢dz
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(34)

(35)

(36)

(37)

(38)

(392
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2 .
Tl + (BF2) j4i i; (ergs/sec - one band) (40)

NUMERICAL RESULTS

In order to apply to the doubler dipole put

a

c

f =

Hy

2.0" - .375" = 4.1275 em

1.1325" = 2.8766 em b
1.0" = 2.54 cm

.375" = .9525 cm d

w/21 = 1 Hz s = .100x2. 54 x 1072 = 5.O8x10-6(emu)

50x1076

= 45 k@ .

.This gives

Thus

wsb

sin

= -T008263-27.0620

= .0001317 - a/b = .6969 mb/d = 5.1051

I¢ - L5556 1;(5.1051) = 24.554 K] (5.1051) =
- .004018.

83x.0001317x.5556x.6969x.6969 1
~4r3x.001317%24.554%.004018x(5.1051)°~1-5.1051x5.1051

0

.00028437 = - 10.51x107° it

negligible for n = 3, 5, 7 etc. because of
)
Kl(5.105l n)

6

47rx5.1051x.004018x4.1275x10.51x10" jio= 11.18 Jio‘

negligipble for n = 3, 5, 7, etc.
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HH/H
P/d
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HO/Qﬂ = 45000/2m 7162 abA/cm

-

= -¢,/(enija) = - .70x1076
= - wCl/(8i0d3)= - 1.73X10—6 j/in/in.
, 2., L% .
= b[l + (vb/d)"] 1, 14 /8s = .0040 W/in.
0") = .95 W/magnet
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