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assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  
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Magnet Lamination Eddy Currents Reexamined 

The first analysis of this problem (Tech. Note no. 8, 2/12/86) cons- 
isted of the solution to the l-dimensional magnetic diffusion equation with 
constant parameters and with the triangular time waveform expanded in a 
Fourier series; the analytic series solution was evaluated numerically. 
Subsequently an analytical solution in which the linear time dependence 
appears explicitly, rather than as an expansion, was obtained and was 
presented at the Booster review in June. Since this was not published, a 
summary of it is included *as an appendix. The important findiygs ar$ that a 
steady-state condition is attained with a time constant 7 = d 

zP 
/(47r p), and 

that the mean field lags the surface field by an amount St = d ~/(12p). 
It was pointed out by John Galayda (of NSLS) that the currents at the 

edges of the laminations may introduce harmonics in the magnet gap; his con- 
clusion was that the effects are unimportant for the NSLS. 

A 2-dimensional analysis using the approach given in the appendix was 
first completed. The magnetic diffusion equation for the field in the 
lamination is 

dZHy/aX2 + #32Hy/az2 = (p/P)aHy/at (MKS units) (1) 

The coordinate system has z in the beam direction, y is vertical, and x 
transverse. For a lamination of thickess d and pole width w, the solution 
to (1) is given by eqn (2). It assumes H = at for the ramp up and Fi = -at 
for the down ramp, where H is the spatial average field. 

H = pa/4p[x2+z2-(d2+w2)/12]+at 
-~a/(2?r2)[w2:~(-l)n/(n2)exp(-t/rn)+d2C(-l)m/(m2)exp(-t/~m)] (2) 

where rn = (p/p)(w/2n~)2 and 7m = (p/p)(d/2n7r)2, n and m > 0. It is assumed 
that both 7n and 7m are much less than half the period, i.e. 7 << T/2. 

The pole face width in the Booster is about 250 mm and the lamination 
thickness is about 1 mm, so 7n is about 62500 times 7m. In the earlier work 
it was assumed that a 7m 
= 25 second. 

of about 0.4 msec was desired, which would mean rn 
Since this is much greater than T/2, this solution is in- 

appropriate. 
The appropriate solution follows the methodology of TN no.8, i.e., 

expand the waveform in a Fourier series. The solution is given by equation 

(3). 
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where k, = (l+i)/S 
of the nth harmoni?: 

k, = (-l+i)/6, and 5, = J[2p/(nwp)] is the skin depth 



Equation (3) shows that the crossing current is confined to a region at 
the edge of the laminaticln thickness of about a skin depth of the funda- 
mental, n = 1, i.e., about 1.5 mm in a typical material at proton cycle fre- 

quency, or 3 mm at the heavy ion cycle frequency (2 Hz). This current sheet 
on the sides of the poles is very close to the exciting coils and hence will 
not perturb the field in the gap except for a small decrease in the funda- 
mental. 



APPENDIX 

For eMy aJrrenkixlthel~tians, 
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At a tbz t < 7-h 

to a nqligible value, 

, but aiso laxyeenmghthatthetransienthas4qped 



“t’l M22 M27 X36 I443 i.x!rl =.gw#2 Alqyii5 

d, nils 41.1 42.7 42.7 38.5 35.0 30.4 42.8 32.4 

'rJe, Wb 1.4 1.6 1.9 2.1 2.1 2.7 2.5 1.1 

wh, v/iii 5.2 6.0 7.6 7.9 8.5 19. (4.1) (l-6) 


