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A new estimation of the axial shielding factors for multishell
cylindrical shields
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Kasuga-Shi, Fukuoka 816-8580, Japan

A new, more accurate formula describing double and multiple-shell axial magnetic shielding is
obtained as a result of numerical verification of existing estimations. A standard ARSxfSvare
package was used. Parameters of the numerical model are as follows. Two concentric, closed
cylinders of equal thickness and constant permeability are considered. The thickness-to-diameter
ratio of the outer cylinder ityD,=1/100, its length-to-diameter ratio varieslas’D,=3, 4, and 5,

the ratio of the cylinders’ outer diameters varieslagD,=0.5, 0.6, 0.7, 0.8, and 0.9, a range of

the ratio of the cylinders’ lengths is,/L,=0.1-0.9, and a range of the relative permeability.is
=10°-1CP. A significant disagreement between the existing estimations and between each of them
and the numerical model is found. One of the examined algorithms is modified to improve its
precision. A remarkable improvement in the accuracy of the new algorithm compared to both
existing methods is achieved. On a basis of the new algorithm, a new formula describing multishell
axial magnetic shielding is suggested. Z000 American Institute of Physics.
[S0021-897€00)82008-3

I. INTRODUCTION whereS, is the axial shielding factofefined as the ratio of

_ _ o _ the uniform external field to the field at the shield’s cepter
Although conventional magnetic shielding is an old SCi- el js the demagnetizing factor of a general ellipSafithe

ence, it is still difficult to express it mathematically and, as ag;me aspect ratio as that of the corresponding cylindrical
result, it is not well developed analytically. The scientist or g 4i5 Sy, is the transverse shielding fact@;, = ut/D; ,

. . 1 | I 1
engineer faces a lack of reliable knowledge even when & ¢ relative permeability, is the thickness, ant; andD;
relatively simple double-shell axial cylindrical assembly is 5rq the |ength and outer diameter of the corresponding shells,

designed. Existing algorithnis' for calculating the axial respectively(index 1 stands for the inner shell and index 2
shielding efficiency are based on two different approacheg;snqs for the outer shellThe axial shielding factorSy;,
leading to contradictory results. The first apprdaéhwas for a single shell is given by Mag®as follows:

originally developed by Magér,and the second one was
developed by Summnest al! Reference 1 criticizes Mag- Sai~ (1+4Nf'S))/[1+0.5(L;/D;)]. 2
er's algorithm as taking into account only ratios of the  gummneret al® describes double-shell axial cylindrical
shields’ diameters while calculating the axial shielding fac-gia1ds in a different way:

tors and neglecting the ratio of their lengths. On the other

hand, the second approach neglects the ratio of the shields’ Sa~21+Sa1+Sa2+ Sa1Saa(1-L1/Ly). €)

diameters. It is quite obvious that both the ratio of thereference 1 also suggests an alternative treatment of single-
shields’ lengths and the ratio of their diameters should affecihe|| axial shields, with results closely agreeing with E2).
the shielding. Therefore, it was interesting to verify both

existing estimations carefully with the aid of a standard nu-

merical software package. Finally, the numerical verification

helped us to obtain a new, more accurate estimation of axial In order to verify the above theory, we used a standard

shielding with closed double and multiple-shell shields. ANSYS® 5.4 software package employing the finite-element
method. Individual 2D axisymmetric models were built for
10 single-shell shields with aib/D ratio from 1 to 10 {/D

Ill. NUMERICAL VERIFICATION

Il. THEORY

Magef* describes double-shell axial cylindrical shields
(Fig. 1) as follows:

5]
Sp~1+4NS"(Sp;+Srp) +4NS'S Sy,
Dl+ Dz_t Dl 2
X - : () ~
2L,;+0.5D;+D,—1t) D,—t

dElectronic mail: sasada@ence.kyushu-u.ac.jp FIG. 1. Double-shell closed cylindrical magnetic shield.
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FIG. 2. The axial shielding factors for single-shell closed cylindrical shields: numerical résuiits lineg and analytical results predicted (a) by Eq.(2)
(dotted line$ and the theory in Ref. ldashed lines in (b) by Eq.(4) wheref =1 (dotted line$, and in(c) by Eq.(4) wheref =1+ (L/D)/100 (dotted lines.

=1/100). 27 double-shell shield models were built with closer[see Fig. Z)]. In Fig. 2c), the axial shielding factors
t/D,=1/100,L,/D,=3, 4,and 5D,/D,=0.5,0.6,0.7,0.8, are estimated by using E() wheref =1+ (L/D)/100. This
and 0.9, and a range of tthg /L, ratio 0.1-0.9. The follow- simple expression fof is obtained intuitively as a result of
ing permeability values were selected for the calculationsefforts to match more closely the numerical and analytical
w=10°, 10% 10, and 16, which correspond to the follow- results shown in Fig. (®).
ing values of the normalized permeabilifyt/D=10", 1, Since numerical calculations provide us with a reason-
10°, and 10. Other parameters of the numerical model wereable description of single-shell shieldsee Fig. 2, we ex-
as follows, analysis type: linear static, element type: PLANEpect the same in the case of double-shell shields.
53 (quadrangle shape, eight-noglemesh size: the finest, Our next task is to calculate the axial shielding factors
No. 1, standard smart sizing mesh adjusted manually to haver double-shell shields by using Eq4) and(3) and then to
more than two layers of elements filling cross sections of theeompare the results with the corresponding numerical re-
cylinders. The aspect ratio of the elements was maintainedults. The results of Eql) yield an enormous difference
smaller than approximately 1:2. A layer of air surroundingwith respect to the results obtained numericéfige Fig. 3.
the model was about fourfold wider than the length of theFrom these observations and from careful consideration of
outer cylinder. Finally, the numerical results are interpolatedMager’s work? we came to the conclusion thal, in the
and represented as logarithmic-scale contour pi&igs.
2-4).

First, we analyze single-shell shields. Figu(e)Zshows
the axial shielding factors predicted by Mab@dotted lines,
by Summneet al (dashed lines and by the numerical cal-
culations(solid lineg. To explain the difference between the
numerical and analytical results in Figia® we must notice
that both Mageétand Summneet al! assume a uniform dis-
tribution of the residual field within the shields. It allows
Mager, for example, to estimate the residual field at the
shields’ center as the intrinsic field within the correspondin
ellipsoid? It seems more reasonable, however, to replace i
Eq. (2) the demagnetizing factor calculated for ellipsdid,
N with that for a rodf N/°¢:

Sai~ (1+4AN[*'sy))/f, (4)

where N°® can be approximated as follovis:N[°

~—0.048A/L/D+0.329/(L/D)—0.053/(L/D)?, f is a cor-

rection factor to take account of the shield’s caps. Since the

nonuniformity of the intrinsic field is taken into account

while calculating the demagnetizing factor for rods, one can Length-to-diameter ratio, L/D

expect that Eq(4) is more accurate than E). Figure 2b)

shows a close agreement between the numerical results aﬁ[? 3. The axial shielding factors for double-shell closed cylindrical
. 9 . . shields: numerical resultsolid lineg and analytical resultédotted lineg

the analytical expression E¢) with f=1. If the effect of

; h - predicted by Eq(1). An enormous difference is observed for all the numeri-
the caps is taken into accourft<{1), the agreement is even cal models(a representative example is shgwn

/D~

5 «Q
Normalized Permeability, uf
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FIG. 4. The axial shielding factors for double-shell closed cylindrical shields: numerical résalitslineg and analytical result&otted line$ predicted in
(a), (d) by Eq.(2), in (b), (e) by Eq.(3), and in(c), (f) by Egs.(4) and(5). Equation(5) well approximates the numerical results for all the numerical models
we testeda representative example is shgwn

third term of the right-hand side of E€l) is a typographical Figures 4c) and 4f) show a representative example.

error and should be changed kb . Our following results In general, for multishell shields with well separated
prove the above conclusion. After replacifg with Ny, shells, the axial shielding factor can be approximated by
calculations were repeated and the results are presented in n-1
Figs. 4a) and 4d). The results in Figs. (4) and 4d) lend S, ~ H S,.S,. f S

- AT L AIPA(I+1) rod |.,./D;
support to the validity of the replacement of one of the two i=1 4N/ Lit1/Djyg

i+1

N, factors in Eq(1) with N, . Although Eq.(1) still predicts 5
shielding factors that are greater than those obtained numeri- X Di+Djsy—t [1( D; ) } 6)
cally [see Figs. &) and 4d)], the behavior of the analytical 4Li+0.5D;+Dj;1—1) D t)
curves(dotted lineg is quite close now to that of the numeri-

cal data(solid lineg. By contrast, Figs. @) and 4e) dem-

onstrate a difference in behavior between the numerical anf; coNCLUSIONS

analytical results when E@3) is used.

The similarity in the behavior of the analytical and nu- A new, more accurate estimation of the axial shielding
merical results observed in Figsia#and 4d) led us to the factors for double and multiple-shell closed cylindrical
belief that Eq.(1) should be modified to make it more pre- shields is proposed as a result of numerical verification of
cise. Trying to obtain a better matching between analyticaexisting algorithms.
and numerical results, we have found intuitively that the re-
sults of the following expression are in a good agreement
with the numerical results for all of the numerical models of 11 5 symmner, 3. N. Pendiebury, and K. F. Smith, J. Phys. D: Appl. Phys.
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