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COMMENTS ON RHIC BEAM ABORT SWEEPER MAGNET

W-Q Feng

Assumptions:

(1)  Driving current: semisine T=40uS I, = 18 kA (Fig. 3)

(2)  Magnet core material: 4% silicon steel ~ Lam. thickness, d = 0.002" - 0.008"

(3) No of turns, N,: 4

(4)  Shape as shown in Fig. 1.

L, = 76 cm
2 = 7.6 cm
L, = 8.1 cm
w = 8.9 cm

Results:

1. Magnetic Flux Density

Analytic calculation:

p - 04 m NIxI0~
b + LJu,

(DGenerally lg > > 1 [, because of ., is in the range 200-6000]

(1)



= 1.0672 (T)
Computer Simulation: (Fig. 2)

B (static) = 0.979352(T)

B, (transient) = 1.036275(T) (Fig. 4)

The magnetic flux density, B, obtained by computer simulation is less than B from
equation (1) because of fringing flux, which is a function of gap dimension, the shape of the
pole faces and the shape, size and location of the winding and the shape and size of the
window. Fringe flux is a larger percentage of the total for large gaps.

lNote B,.., (transient) is larger than B (static). This is because of the eddy current
magnetic shielding effect of the copper plates which decreases the fringing flux.

2. Inductance

;- 04m N2 wzx 10° F (Hm) )
I, +1/p)

where F is a fringin% (f;lux factor given by:

F=1+—31n(l—) (3)*

c -4

where A_ is the cross sectional area.
Substituting the given values, we have

L = 46.9 uH/m (F = 2.12)

*Colonel Wm. T. McLyman, Transformer and Inductor Design Handbook, 1988.



The computer simulation gives:

L (statics) = 44.2396 uH/m

L (Transient) = 41 ~ 65 pH/m (including calculation error) (Fig. 5)

Actually, when the core air gap length, 1, is large compared to the ratio 1, /u, because of
high relative permeability u,, variations in u, (200 - 6000) do not substantially affect the total |
effective magnetic path length or the inductance. A final determination of the air gap size
requires consideration of the effect of fringing flux, which is a function of gap size, the shape
of the pole faces and the shape, dimension and location of the winding and window. Its net
effect is to decrease the total reluctance of the magnetic path and therefore inérease the
inductance by a factor F, as in Equation (2), (3).

Eddy currents, which lag the driving current and have different values and directions
at different time, cause the inductances to vary during the pulse period compared to the
static inductance.

3. Power Loss

Calculations show that the main part of the magnetic energy loss, which include two
parts due to eddy currents and hysteresis, is eddy current loss.

The magnitude of eddy currents depends on the freqﬁency and flux density imposed
by the application and on the specific resistivity and thickness of the core material and
conductive material in the magnetic field.

So in our situation, the eddy current loss in the copper plates are the most important
part (~ 150 J/m for 0.1" thick copper plates). The loss in the coils is about 80 - 90 J/m (4

turns), and in the core the loss is less than 1 J/m (0.008" steel Lam.). Calculations show



that the maximum stored energy amounts to more than 6700 J/m (I, = 18 kA).

The eddy-current loss is reduced as the lamination thickness is reduced, this is also
true of the copper plates.
4, Quality of the Magnetic Field in the Air-Gap

Although the eddy current loss in the two copper plates is Iarge, the quality of the
magnetic flux density in air-gap is much improved due to the eddy current fields of the

copper plates, which increases the center flux density B, , make the homogeneity of B, better

ye

and decreases the harmonics of By. The calculation results are shown in Table 1.

Table 1
Byc (T) AB AH (R =0.04m)
(R=0.035m)
ye
Statics 0.993953 (x = 0.01715,y = 0) | > 10% ~ 4%
Transient | 1.036275 (x = 0.05715,y = 0) < 1% (0.1% - 1%) 02 ~2%

where B, is the maximum value alongy = 0 (x ='0.01715 - 0.09715), the center point in

the coordinate system is located at x = 0.05715,y = 0 and

AB _ B(x.y) - Byc’ AH < B, (sex'tupole)
B, B, B, (dtpolg)
(R is the radius of a circle with center at x = 0.05715,y = 0.) (Fig. 2)

More calculations are needed to quantitatively verify that the thinner copper plate

4



will improve the quality of the field.

5. Yoltage Between Core Laminations

Generally
—’
> >
v=§Ed = - a8 3
s dt
Because

.—3)
@.—(Z‘< dp _ SdB_

s dt dt dt
and
dBm o _ _‘_11
dt dt

for semi-sine waveform

dB, _ .dB
Caom ™ (e

And there are different

dB
(;,t—),:,,

at different points (x, y) in the core.

C))

6))

(6)

(7



We obtain:

vV = %‘f = 0.01V (0.008"), 0.005V (0.004"), 0.0025V (0.002")

max

6. Forces on Conductors

The quantitative relation for the force on a current element in a magnetic field is:

dF = IBdI sing
In our situation

F = | s?x—ﬁds
where F is the Force/unit length
and J is the current density.
Because the excitation is not direct current, eddy currents in each conductor lead to the
forces on them. The forces on coils depend on both the excitation current and eddy
currents, but the excitation current is primary cause. The maximum magnitude of the forces
on coils occur when the value of the excitation current comes uﬁ to the maximum, as shown
in Figs. 10 through 17.

The forces on two copper plates and on the steel-core depend on eddy currents, but
the force on the core is very small (less than 1 N/m).

It is important to tréat carefully the two copper plates because of their special

location, thinness and the large forces on them, see Figs. 2 and 6 through 9.
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