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Performance of Active Compensation for a Multi-shell Shield with an Inner Passive Shell
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Active compensation is studied for a multi-shell shield
with an inner passive shell. We made a miniature shield
consisting of four concentric magnetic shells, which has
the same structure as our previously developed
shielding system for a demonstration of MEG
alpha-rhythm measurement. FINEMET rather than
Permalloy was chosen as the material for the inner
passive shell. We measured the amplitude and phase of
the incoming magnetic field to the shielded area. It was
found that the inner passive shell can help to suppress
the phase difference between the observed field and the
external field. A model for explaining this phenomenon
is presented. We tried a simple feed-forward active
compensation system for the shield, which consists of
three canceling ring coils and a single monitoring
flux-gate magnetometer. The axial shielding factor at 10
Hz, 10 uT was 300, and with active compensation a
value of 12,000 was achieved.
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Fig. 1 A multi-shell shield, in which the innermost shell is
a passive shell.
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Fig. 2 Method of observing the behavior of a magnetic field
inside the magnetic shield and its vicinity.
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Fig. 3 Evaluation of an active compensation system for a
feed-forward scheme.
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Table 1 Structure of our large-scale vertical
open-structure cylindrical shield? (Unit: mm).

Shell Material / Structure D, L. |L. /D,
1 Permalloy /Helical 670 (1,800 2.7
2/1 720 3.1
2/2 METGLAS2705M / 730 |4 900 |20
213 Helical 740 |7 3.0
2/4 750 2.9
3 |METGLAS27056M/ Axial| 822 |2,430| 3.0
4 |METGLAS2705M / Axial| 974 [2,750| 2.8

Table 2 Structure of a miniature model (Unit: mm).

Shell | Material / Structure D, L. |L/D;| n
1 FINEMET /Helical 132 | 356 | 2.7 3
2/1 157 3.0 3
2/2 METGLAS2705M / 159 471 3.0 3
2/3 Helical 161 29 |3
2/4 163 2.9 3
3 METGIXQS&‘ZI"%M " | 182|546 | 3.0 |6
4 METGIﬁiSj"OE’M /1208 |582| 28 | 6
Table 3 Combinations of the shells.
Type Shells

A O+0+0+0

B D+0+0+@

C [ 0+0+0

D@R@:Shell OO : Shells with magnetic shaking
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Fig. 4 Profiles of the ASF on the central axis of Shell 1. The
external magnetic fields are 2, 10, and 50 Hz at 10 uT.

5 —m 7

Phase [deg]

.1 1 1 1
-5 0 5 10 15

Distance from the center [em]

Fig. 5 Profiles of the phase on the central axis of Shell 1.
The external magnetic fields are 2, 10, and 50 Hz at
10 uT.
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Fig. 6 ASF and the phase shift at the center of Shell 1.

Fig. 7 Diagram of the phase-lead phenomenon for the
magnetic field in the magnetic cylinder.
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Fig. 8 Profiles of the ASF on the central axes of
multi-shell shields. The external magnetic field is 10 Hz
at 10 uT.
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Fig. 9 Profiles of the phase on the central axes of
multi-shell shields. The external magnetic field is 10 Hz
at 10 pT.
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Fig. 10 Profiles of the ASF at the centers of multi-shell
shields. The external magnetic fields are 0.1, 1, and 10
uT at 10 Hz.
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Fig. 11 Profiles of the Amplitude for an external magnetic
field and the compensating magnetic field on the axis of a
multi-shell (A-type) shield.
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Fig. 12 Profiles of the phase for an external magnetic field

and the compensating magnetic field on the axis of the a
multi-shell (A-type) shield.
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Fig. 13 Profiles of the ASF for the external magnetic field
on the axis of the multi-shell (A-type) shield with and
without the compensating field.
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