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Abstract

We developed an AC electromagnet and a control system. The magnet produces a rotating magnetic field to wobble
charged particles in a beam and spread them over a target. The frequency of the magnetic field can be varied between
DC and 30 Hz. Two pairs of coils are oriented vertically and horizontally. The magnetic yoke surrounds an aluminum
beam pipe. A magnetomotive force of 1888 A-Turn is estimated to achieve a product of the magnetic flux density and the
effective length of 2.345 mT-m around the center. A power of over 700 W is required to drive the necessary current of
16 A in the coils which have a inductance of 14 mH. We used 3-Dimensional simulation to evaluate the magnetic field
and particle trajectory around the magnet. The simulation and measurements suggest that the magnet system can be used

for beam spreading.
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Table 1: Basic Specifications of the Wobbling Magnet

AC frequency 0-30Hz
Total length along the beam line <240 mm
BL product 2.345 mT-m
Bp 0.800 T-m
Yoke Gap 159 mm

Thickness 30 mm
Beam pipe  Outer diameter ¢100 mm

Thickness 5 mm

Material Aluminum
Cooling Air
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Figure 1: Attenuation of magnetic flux density by eddy cur-

rents along the beam pipe as a function of AC frequency.

A magnetic field at AC 30 Hz is reduced to about 65% in

an aluminum pipe (see sky blue lines). (red: aluminum,

purple: copper, green: iron, blue: SUS304)
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Figure 2: 3-Dimensional view of the simulation model of
the wobbling magnet including the beam pipe with alu-
minum.
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Figure 3: The maximum magnetic field flux as a function of
the magnetomotive force at 30 Hz. (Red : real part, green :
imaginary part, blue : maximum absolue value.)
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Figure 4: Magnetic field distribution along the beam axis.
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Figure 5: Products of maximum magnetic flux density and
field length as a function of distance from the beam center.
Target value and 10% above are shown in solid lines. A
peak current over 14 A is necessary to obtain the required
magnetic field.
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Table 2: Electromagnetic Characteristics of the Wobbling
Magnet at 30 Hz

Maximum magnetomotive force 1888 A-Trun
Coil turn 118 Turn

Coil inductance 1.4 mH /2 coils
Maximum peak current 16 A
Maximum peak voltage 42.6 V /2 coils
Electrical resistance at 75°C 0.34 Q2 /2 coils
Effective field length on beam axis ~ 355.4 mm

BL product 2.82mT-m

Figure 6: The manufactured wobbling magnet.
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Figure 7: Calculated beam profiles at the target. Figure a)
shows 2-Dimensional distribution without the magnet and
b) shows one with the magnetic field. Figure c) and b) show
horizontal beam spread without and with magnetic field,
respectively.
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Table 3: Basic Specifications of the Bipolar Power Supply

Model

Maximum voltage

Matsusada Precision POP45-16
445 (rms 32) V

Maximum current +16 (rms 11.3) A

Maximum output power 720 W

Frequency band DC - 20 kHz

Size W483mm x H177mm x D610 mm
Weight 23 kg
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Figure 8: Conceptual diagram of the AC magnet system.
The PLC unit controls the devices and monitors parame-
ters.

WODDLITIE MdEMNEL oY =Len

Figure 9: Typical output on a touch screen panel.
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Figure 10: Measured distributions of magnetic flux densi-
ties along the beam direction. The values are RMS of the
amplitude of magnetic field.
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