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Abstract The field measurement was performed on the median

In order to estimate a field disturbance of a guidinéjlan@ =0).

field of a synchrotron due to an eddy current, magnetic
fields in a bending magnet have been measured. The mag-
net was excited by a sinusoidal current with a repetition of
30 Hz. Two search coils were used in the measurements.
One is a reference coil and the other is a measurement coil.
An imaginary part of an eddy field was derived from phase
difference between two coil signals. The results were com-
pared with a simple two-dimensional model.

1 INTRODUCTION

The JHF(Japan Hadron Facility) plan is being pro-

gressed. The JHF accelerator complex comprises the 200 ¥ Qe
MeV linac, the 3 GeV synchrotron and the 50 GeV syn-
chrotron. %&X

The 3 GeV booster synchrotron is a rapid-cycling syn- __1_%6mm5
chrotron with a repetition of 25 Hz. In such a rapid-cycling : @ :
synchrotron, it is expected that an eddy field disturbs a T .
guiding field. There are some eddy current sources: metal / i (%20 =(0.0)
wall of a vacuum chamber installed in a pulsed magnet and rlnrig /
magnet components(e.g. magnet core, a end plate made of removabl e plz-t?'—

stainless steel and coil conductor).
Since a ceramic chamber is usually used in a rapid-
cycling synchrotron, the eddy current induced in magnet

components mainly contributes to the field disturbance. In this m rement. tw rch coils wer d: one
Therefore, it is important to estimate an effect of the S measurement, two search colls Were used. oneis a

eddy field due to magnet components. It has been knov&ﬁferenCe .Co'l ant_j the other is a measurement coil. The ref-
ence coil was fixed at the center of the magnet, since the

) er.
that the eddy field became larger as closer to the magnee dy current effect was expected to be negligible at this po-

1].1t impli h ntribution of the end pl L. .
tehdegicg d]y :‘iel dpis?s;atthaetra}a(iget ﬂ?;ri Oma%ntetecirg gni}ecgoﬁl_tlon. On the other hand, the measurement coil was moved
n the median plan. Since the magnet is excited by a sinu-

ductor material. Taking into account this consideration, wa" . . .
constructed a simple two-dimensional model. 30':3 C:trrtf]gtrvg]i;hrgzgerez%zoq ;f ?:\(/)e;'Zb magnetic flux

This paper describes the results of the field measuremen y P ef)18 9 Y.
and our simple model.

Figure 2: Cross section of the test magnet

Byey = Boe™" (1)
2 FIELD MEASUREMENT The flux density at measuring poimBf,..s) is given by,
2.1 Measurement Beas = (b1 + bpe™)e™t = B! «t+0) )

whereb; is the amplitude of a main field arid exp(id) is
A test magnet for the JHF 50 GeV ring was used for thi the amplitude of the eddy field. and B, are given by,

eddy-field measurement. Fig. 1 shows the test magnet. The by sin 0
test magnet was excited with a repetition of 30Hz by an ac 6 = tan™ ' (-—————) (3)
. : . b1 + b2 cos §
power supply using IGBT [2]. Fig 2 shows cross sections d
of the magnet: the left is cut by x-y plane and the right cut an
by y-z plane. The coordinate system defined here is used
through this paper. B, = (b12 + b2 + 2b1by cos 5)%
* Email: ianak@tanashi.kek.jp ~ by + by cosd, 4)
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respectively. Here, we assumed that the eddy field is suffi- It is assumed that all material parameters are constant
ciently small compared with the main field, i/8. > bo both in time and space. EIiminatid@ and; from the fun-

In terms of egs (3) and (4), an imaginary part of the eddgiamental equations, one can obtain the following equation.
field is obtained as follows: .

V2H — Uua—H =0 7)
bysiné = By tan 6. (5) ot '

In order to measure a contribution of the end plate defi- In & vacuum, assuming that= 0,

nitely, we made a part of the end plate removable, as shown

in figure 2. Vi =0. ®)
Signals of two search coils were sent to a fft servo ana- ere, the magnetic field is superposition of the exter-

lyzer, and phase differendeand B; was measured. nal field H.,. and the eddy field:.

2.2 Experimental Results H=H.,. +v. 9)

>

In addition, setting’? = He™?, we obtain the following
equation:

00l | T . T =

V20 — iwopu(H eny +0) = 0. (10)
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Figure 3: Longitudinal dependence of the eddy field.

—b
The longitudinal dependence of the imaginary part of the
eddy field is shown in figure 3. Here, open-circles denote Figure 4: two-dimensional problem
the results in the normal case and solid-circles denote the
results in the case that the removable plate is changed by dn order to solve the above equation, we make a problem
Bakelite plate. The eddy field is normalized by a compot© be restricted to two-dimensional case, where the eddy
nent of the main fieldB,) at the magnet center. current is bounded in a conducting plane, which is rectan-
The results show that the contribution of the end plate igular plane with size oa x 2b, and the external field is
rather large. It is consistent with the former results[1]. ~ Perpendicular to the plane, as shown figure 4.
The contribution of the removable plate to the eddy field The solution is obtained by giving a boundary condition
can be estimated by subtracting the latter results from thBato = 0 along the circumference. The result is as fol-
former. It will be compared with a simple two-dimensionallows:

model.
16—
3 TWO-DIMENSIONAL MODEL v = kamﬁ (11)
m,n=1
3.1 Formulation (—1)™+ cos 2m=1 g cos 2=y

{(31im)? + (24 r)2 + k2m — 1)(2n — 1)
The fundamental equations describing eddy currents are

as follows: wherek = iwop and we assumed thaf, = constant.
The eddy current can be obtained py= rotv , therefore
. oB Jj» andj, is given by,
rothk = ——
ot
rotH = j (6) j 16
- ., A2 =fk— 12
j = O-Ea Heat 7T2 mzn;1 ( )
whereH andE are the magnetic and electric field strength, (—1)mtn2idy cos 20—y sin 2Ly
respectlvglyB is the magnetic f!ux density fa.rjds the cur- ' {(2’3;%)2 + (2%177)2 +kY2m—1)(2n —1)
rent densityy ando are magnetic permeability and electric
conductivity, respectively. and
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16 < e
J _ 16 i SE— ; ‘ '
B =k 2 (13) = aaf-
m,n=1 = o b ;
(—1)m+n Q'rga_lwsin 2"2:17m coS Q'r;glwy % oaf
{(3tm)2 + (B2 + k2m —1)(2n — 1) SR S
02 ‘ ‘ ‘ ; ‘

A fraction of the eddy current of the conductipg plane d HDA G2 O 0 mE 08
contributes the eddy field at the field poift, by dHcqay,
as shown in figure 5. Figure 6: Longitudinal distribution of the eddy field
. I ds 7
dHeddy = ds n (14)

- 1= 19 X T=
dr | f? |

We must also take into account magnetic chatrgen-
duced on the surface of the magnet cores approximately
given by

By Gd /By © 0,013

— 0707 Egroms fvavmain

T~ po(Heddy) 1 5 (15)
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where(H.qqy) 1 is the component of the eddy field perpen-
dicular tlo the core surfgce._ Henc_e, the contribution of the Figure 7: Transverse distribution of the eddy field
magnetic charge & , dH,, is obtained as

o Tda'dy’ T 4 CONCLUSION

" TP Tl te
The field disturbance due to the eddy current induced in
magnet core condycting plate a magnet end plate was measured. The results are com-
_fﬁ? : ﬁ@. Current pared with a simple analytical model. The model can ex-
plain the shape of distribution, while the values are less
I}m than the experimental results. Such a discrepancy may be
7 caused by an assumption of a constant external filg,
B dﬁeddy sinceH..; is not constant actually on the end plate.
Another possibility is that the contribution of the mag-
‘P netic charge induced by the eddy field is not sufficiently
Figure 5: Model of the field calculation estimated. This problem is now being considered.
An eddy field due to a vacuum chamber in a pulsed mag-
Consequently, the magnetic fieldRtis given by, net can be also calculated using our model. Therefore the
eddy field due to the vacuum chamber will be measured
soon.
H= / dH,, + / dHeqay. (17)
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The figure 6 and 7 show longitudinal and transverse dis-

3.2 Comparison with Measurements

tribution of the eddy field, respectively. Open circles and 6 REFERENCES
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Unfortunately, the values of the experimental results are
larger than the calculation by a factor of 1.7.
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