1 A MAGNETI C SHI ELD STRUCTURE HAVI NG OPENI NGS AND A MAGNETI C MATERI AL FRAME
THEREFOR TECHNI CAL FIELD 5 This invention relates to a magnetic shield
structure having openings. and nore particularly to a magnetic shield
structure which shields nagnetic fieldlwhile allow ng passage of air and

| i ght therethrough. BACKGROUND OF THE | NVENTI ON 10 Urban el ectric stations
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duct duenééﬁéﬁgefacilities within office buildings. In case of indoor machines
with strong magnetic field, both active and passive shields are
simultaneously required. The reason for it is in that outdoor persons and
equipment must be protected from undesirable effects of the strong indoor
25 magnetic field, such as those of MRI, and at the same time, the indoor
machines themselves must be protected from environmental magnetic noise
so as to ensure their proper performance.
With a typical conventional method for active magnetic shield, a
space containing a magnetic flux generating source to be shielded is
30 tightly enclosed by plates of magnetic material with a high permeability
R (hereinaftef, magnetic material with a high permeability p is referred
to as simply "magnetic material") so as to confine the magnetic flux
therein. For instance, Patent Literature No.l, which concerns a railway
substation feeding DC power through feeding cables and return cables,
35 discloses a magnetic shielding method by installing certain parts of the
feeding cables and return cables side by side, so as to cancel the
magnetic fluxes due to currents in said certain parts of the feeding and
return cables -with each other, while enclosing a required portion of the
remaining parts of the cables by a duct made of magnetic material plates

40 so as to suppress the magnetic flux density outside the duct due to the
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degree of protection can be prov1ded by applying magnetlc material plates

only to selected floor areas,
No.2 and No.3 disclose techniques for improving the effectiveness of

such as OA room floor.

Patent Literatures

magnetic shield by using multiple layers of magnetic material plates or

by filling joints of magnetic material plates with fillers made of

specific magnetic material.

Patent Literature No.4 discloses a method of

preventing magnetic flux leakage from openings of magnetic shield room by

forming a closed magnetic path along the edge of such opening by using

electromagnetic steel sheets.
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40 Lai d-open Japanese Patent Publication No.2002-164686 3 DI SCLOSURE OF

| NVENTI ON TECHNI CAL PROBLEM TO BE SCOLVED BY THE | NVENTI ON Mbst conventi onal
magnetic shiel ding nmethods, either active or 5 passive, are based on a
structure in which perlpheral wal | s of Bhe space being shielded are covered
by magnetic material plates parallel thereto (to be sonetines called as
"tightly closed type" shielding), and air and |ight cannot pass through the
shi el ded peripheral walls. Despite the use of such tightly closed type
shielding, it has been difficult to achieve 10 the high |l evel protection
required on the walls surrounding MR, OA or other sinlar apparatuses, as
anticipated fromthe performarkl® BQSUREPOFWNTIQN material plate per se. For
instance, if the calizeHNitcal ProBUES T BErrsnng:bl BY aEermvaNTpbat es, as proposed
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of the fact that this literature is based on conventional shield theory
(paragraph 0009 and Figs.9 and 10), the effectiveness of the proposed
magnetic shield unit may be safely assumed to be of conventional level.
25 Besides, the structure of Patent Literature No.5 requires a combination
of filter frame and shield packing between adjacent magnetic shield HEPA
filters, which combination tends to make the shield unit complicated and
costly. _
On the other hand, the inventors have developed a novel method for
30 magnetic shielding and disclosed it in Patent Literature No.6. In the
novel method for magnetic shielding, a plurality of magnetic material
slats are aligned in a manner similar to that of stacking of slats in a
blind or louver, and a ratio of the product of the cross-sectional area
(Sm) of the magnetic material slat and the relative permeability (p;) of
35 the slat (Sm'p;) to the cross-sectional area (Sa) of the gap between
adjacent slats is selected to be larger than unity {(Sm'p;)/Sa>l}, whereby
an attenuation of magnetic flux density is produced between the opposite
surfaces of the aligned blind-like or louver-like slats. With these
blind-like or louver-like alignment of magnetic material slats (to be
40 referred to as "magnetic blind body" or "magnetic blind"™ or "blind",



blind-1ike or louver-like alignnment of magnetic material slats (to be 40
referred to as "magnetic blind body" or "magnetic blind" or "blind", 4
hereafter; nmay also be called to as "nmagnetic | ouver body"), one can obtain
a magnetic shield structure which has offenings for passage of air and |ight
and yet al so has substantially the sanme nmagnetic shield as that of the
"tightly cl osed type" shielding. Besi des, to obtain the sanme 5 shielding
effect as that of the "tightly closed type" shielding, one can expect that
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TECHNICAL SOLUTION OF THE INVENTION
25 At first, the inventors conducted experiments for confirming the

effectiveness of a row of magnetic blinds, which consisted of a plurality
of blinds coupled in a row (sometimes called as "lengthways coupled
blinds row 16", hereinafter), with respect to magnetic field in a certain
direction. Referring to Fig.1(A), eight magnetic material slats 1 (made

30 of grain-oriented electrical steel sheet and having a length direction
aligned with easily magnetizable direction of grains in the sheet), each
slat having a thickness 0.35mm, a width 25mm, and a length 300mm, were
overlapped one over another in the direction of thickness thereof with a
gap d=30mm between adjacent slats in the same direction, so as to form a

35 Dblind 2a. Two more blinds 2b and 2c were formed in the same way as the
first blind 2a. The three blinds 2a, 2b and 2c were coupled in a row by
serially coupling corresponding slats 1 of the blinds, so as to produce a
lengthways coupled blinds row 16 of sideways U-shape (with an inside
volume of 280ﬁnm280nnu280nn0, as shown in Fig.1(B). In the lengthways

40 coupled blinds row 16 of Fig.1(B), serially adjacent slats 1 of blinds 2



| engt hways coupl ed blinds row 16 of sideways U-shape (with an inside volune
of 28o0mMm”"280mM™280nm), as shown in Fig.l(B). In the | engthways 40 coupl ed
blinds row 16 of Fig.l(B), serially adjacent slats 1 of blinds 2 5 were
coupl ed by abutting ternminal edges ther 8of . Another |engthways coupled
blinds row 16 of U-shape (with an inside volunme of 280mx280mMmx280nmm) as
shown in Fig.l (C was produced in the sanme manner as that of the first such
blinds row 16 of Fig.l(B), except that serially 5 adjacent slats 1 were
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of Fig.15(A), so as to generate a magnetic field penetrating through the
central portion of the blind 2a of the blinds row 16 or the solid shield
plate 20a of the solid shield unit 21, in a direction as shown by the

25 arrow M. A magnetic sensor 9 (e.g., a Gauss meter) was placed inside the
specimen as shown in Fig.15(A). Based on the measured magnetic flux
density B in terms of pT, a shield coefficient S was calculated for each
of the specimens 16 and 21 by using the following ratio in equation (1).
Table 1 shows examples of the results of the experiments in terms of

30 values of shield coefficient S thus measured and calculated. In the
experiments, the current in the loop coil L was 0.1A.

Magnetic flux density B, without shielding
S = ' (1)
35 Magnetic flux density B after shielded

One can see from the experimental outcome of Table 1 that the
lengthways coupled blinds row 16 of Fig.1(B) made by of three blinds 2a,
2b, 2c showed shielding effect (to be called "shield performance",

40 hereinafter) comparable with the solid shield unit 21 of Fig.1(D) made of



| engt hways coupled blinds row 16 of Fig.l(B) nmade by of three blinds 2a,
2b, 2c showed shielding effect (to be called "shield performance", 40
herei nafter) conparable with the solid shield unit 21 of Fig.l (D) nade of 6
three solid shield plates 20a, 20b, 20c® and that the |engthways coupl ed
blinds row 16 of Fig.l(C) mamde by overlapping the portion 5 of
corresponding slats 1 of |engthways adjacent blinds 2 showed higher shield
performance than that of the solid shield unit 21 of Fig.1(D). The 5
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serially coupled into_a.lengthways coupled blinds row 16, 28 as shown in
Fig.3(A) ¢t ﬁ]@tﬁ%’rl, Lf‘afuhgtﬁ%(t}‘)bl inds 2 were made by the same material, and
each of the separately nmade four blinds 2 was sideways stacked with each
side blind 2 of the I engthways couplnggéi$ds row 16 of Fig.3(A), i.e.
ri ght side—bHnd2—Front—sideblnd2—|ett 2—and—back—stde
blind 2, [respectively. Fligegf8heldrgsiceee of si de bl i nd| 2Shigld Configient & |2b)
g}‘ tge I?ngt hvigyigthiv@RoasedPihdttew! sitted of [Fi g.,:i)é_f()g) aftpr sepagately nadg
ind 2 S-I=r0vm—a-s—2-a-)—|—|= . stacked—tiereto—n IQS(‘C), the—bHi n
core plane Fa of the P¥oeye d 2a and thd bl i’irL‘Qﬂ(C);ore plane B of the
second bl{i nd 2b Taghty closep opeshicldspatpe | el wilt h eagiyD) ot her, andghe sl atfs 1
of the two StacKed DIrTnds Za, 20 are orrented 1nm 30 different directions,

i.e. vertical in the blind 2a and horizontal in the
Next, the inventors noted improved magnetic shield performance is

cida hlind 2 and hacl, o
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15 obtainable by stacking the magnetic blinds 2 side by side, and carried
out further series of experiments to check how the shield performance of
the blinds 2 for uniformly oriented magnetic field varies in response to
the stacking. In the tests, four blinds 2 were made by using PC Permalloy,
and they were serially coupled into a lengthways coupled blinds row 16,

20 as shown in Fig.3(A). Further, four other blinds 2 were made by the same
material, and each of the separately made four blinds 2 was sideways
stacked with each side blind 2 of the lengthways coupled blinds row 16 of
Fig.3(A), i.e. right side blind 2, front side blind 2, left side blind 2
and back side blind 2, respectively. Fig.8(C) shows one of side blind 2

25 (shown as 2b) of the lengthways coupled blinds row 16 of Fig.3(A) after
separately made blind 2 (shown as 2a) in sideways stacked thereto. In
Fig.8(C), the blind core plane Fa of the first blind 2a and the blind
core plane Fb of the second blind 2b are disposed in parallel with each
other, and the slats 1 of the two stacked blinds 2a, 2b are oriented in

30 different directions, i.e. vertical in the blind 2a and horizontal in the
blind 2b as shown in Fib.8(C). The lengthways coupled blinds row 16,
either as shown in Fig.3(A) or after second blind 2 being stacked thereto



blind 2b as shown in Fib.8(C). The | engthways coupled blinds row 16, either
as shown in Fig.3(A) or after second blind 2 being stacked thereto 7 as
shown in Fig.8(C), was placed at the central portion of the loop coil L of -
Fig.15(A) while placing one blind 2 thefeof in parallel with the plane of
the coil L. A magnetic filed Mof flux density 100pT at the center of the
coil L was produced as shown in Fig.15(A) by applying a 5 suitable AC
current thereto as indicated by the arrow |l. The nagnetic sensor 9 vvas
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cent e | Lt

whi I{e&l" hgillnzsdogf Bl Ftl éﬁ% ?Iﬁéatd i(;e t&? N d P fqlonﬁdso on |‘%g1°d1 4 gﬁ rgg ral axis
C of theFig.#&(C]). | Fahlige2 pstiowg the §eﬁ‘é)1rﬁ QénWﬂh emmegtss(aesl)';aleqéat:m see
fromTable 2 that, as conpared a | engthways coupled row 16 with single

| ayered blind 2.

Table 2
ltem | Number of Stat Orientation Shield Coefficient S
No. layers Inner layer Outer layer
1 - Horizontal 11
2 - Vertical 11
3 1 Horizontal - 12
4 Vertical - 12
5 Horizontal Horizontal 22
6 Vertical Vertical 22
7 2 Vertical Horizontal 27
8 Horizontal Vertical 27

In Table 2, the column "inner layer" refers to that blind 2 which is
located closer to the sensor 9 than "outer layer". The word "vertical" in
Table 2 means that the orientation of longitudinal central axis C of the

15 slat 1 in the blind 2 is vertical (see Fig.8(A)), while "horizontal"
means that the orientation of longitudinal central axis C of the slat 1
in the blind 2 is horizontal (see Fig.8(B)). One can see from Table 2
that, as compared a lengthways coupled row 16 with single layered blind 2,
the similar row 16 double layered blinds 2 has a considerably improved

20 shield performance. Compare Item Nos.l-4 of Table 2 with Item Nos.5-8 of
Table 2. Further, with the double layered blinds 2, the shield
performance is considerably affected by the orientation of the slats 1 in
each blind 2 (Compare Item Nos.5,6 with Item Nos.7,8 of Table 2.).
Whereas, with the single layered blind 2, the shield performance is not

25 materially affected by the orientation of the slats 1 (See Item Nos.1l-4
of Table 2.).



the simlar row 16 double | ayered blinds 2 has a considerably inproved 20
shiel d performance. Conpare Item Nos.1-4 of Table 2 with Item Nos. 5-8 of
Table 2. Further, with the double | ayered blinds 2, the shield perfornmance
is considerably affected by the orienta%ion of the slats 1 in each blind 2
(Conpare ItemNos.5,6 with I[tem Nos.7,8 of Table 2.). Wereas, with the
single layered blind 2, the shield performance is not 25 materially affected
by the orientation of the slats 1 (See Item Nos.1-4 of Table 2.). 8 The

i nventors have repeated the experinments on the shield coefficient S of the
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slats 1 are oriented substantially in parallel to each othef on the blind
core plane F. The blind bodies 2 are coupled in a row by serially
coupling each slat 1 in each blind body 2 to a corresponding slat 1 of

25 adjacent blind body 2 through overlapping or abutting of slat terminal
portions, whereby the blind core planes F of the blind bodies 2 are so
coupled as to define a successive magnetic shield plane (see Fa+Fb+Fc in
Fig.1l), and spaces d between adjacent slats 1 in each blind body 2 form
openings in the magnetic shield structure. Preferably, as shown in

30 Fig.3(A), three or more (four in Fig.3(A)) magnetic blind bodies 2 are
coupled in a row so as to form a closed magnetic path.

From the other aspect of the invention, as shown in Fig.8, a magnetic
shield structure according to the invention comprises a plurality of the
magnetic blind bodies 2 being stacked side by side in such manner that

35 blind core planes F of sideways adjacent blind bodies 2 being parallel to
each other, and orientation of longitudinal central axis C of the slat 1
in each blind body 2 being selected so as to optimize attenuation of
magnetic field across the magnetic shield structure, and spaces between
adjacent slats 1 in each blind body 2 form the openings in the magnetic

40 shield structure. Preferably, orientation of longitudinal central axis C



coupled in a row so as to forma closed magnetic path. Fromthe other aspect
of the invention, as shown in Fig.8, a magnetic shield structure according
to the invention conprises a plurality of the magnetic blind bodies 2 being
stacked side by side in such manner that, 35 blind core planes F of sideways
adj acent blind bodies 2 being parallel to each other, and orientation of

| ongi tudinal central axis C of the slat 1 in each blind body 2 being
selected so as to optim ze attenuation of nagnetic field across the
magneti c shield structure, and spaces between adjacent slats 1 in each
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the slat itself and in a row 16 by aligning the slats 1 in a row, while
juxtaposing longitudinal terminal edges thereof and coupling facing

25 terminal portions of adjacent slats 1 through overlapping or edge-to-edge
abutting. Preferably, each magnetic material frame 6 is formed by
serially coupling three or more separately prepared slats 1 into a closed
row, so as to provide a closed magnetic path. More preferably, the slat 1
is made of laminated construction and is provided with at least one such

30 patterned terminal edge surface having protrusions and indents in the
longitudinal direction thereof, so that a plurality of such slats 1 can
be coupled in a row by serially coupling the adjacent slats through snug
engagement of the patterned terminal edges thereof. In a preferred form
of the slat 1, depth R of the indent on its terminal edge as taken from

35 tip of the protrusion is not smaller than one tenth of the width W of the
slat terminal edge (R=0.1W).

A plurality of the magnetic material frames 6, as shown in Figs.2, 4

or 6, may be overlapped one over another in the normal direction of each
frame 6 at a given inter-slat distance d, so as to form a magnetic shield

40 structure having openings as shown in Figs.1(B), 1(C) or 3(A). Referring



I's made of | am nated construction and is provided with at | east one such 30
patterned term nal edge surface having protrusions and indents in the

| ongi tudinal direction thereof, so that a plurality of such slats 1 can be
coupled in a row by serially coupllng tp& adj acent sl ats through snug

engagenent of the patterned term nal edges thereof. In a preferred form of
the slat 1, depth R of the indent on its termnal edge as taken from35 tip
of the protrusion is not smaller than one tenth of the width Wof the slat
term nal edge (R2_t0.1W. A plurality of the magnetic material frames 6, as
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20 air gap layer between stacked layers of magnetic blinds.

(6) Magnetic shield combined with air passage enables use of air-
conditioner with shielding and prevention of thermal decay of inside
the enclosed inner material.

(7) Magnetic shield combined with visibility provides for easier

25 maintenance and control of equipment and patient-friendly care.

(8) In response to change of magnetic noise source as time elapses, the
magnetic shielding can be easily and economically modified.

(9) Magnetic shield of conventional level can be provided with less
material, at a lighter weight and lower cost than before.

30
BEST MODE OF CARRYING OUT THE INVENTION
Fig.1(A) shows examples 2a, 2b and 2c of magnetic blind 2 to be used

in the shield structure of the invention. Each blind 2 is made by
overlapping a necessary number of slats 1 or an elongated narrow plate

35 made of magnetic material with a necessary inter-slat distance 4 by a
fixing framework or support member (not shown), while placing
longitudinal central axes C (See Fig.8a-8c) on a common blind core plane
F (Fa, Fb, Fc) substantially in parallel to each other. The central axis
C of the slat 1 may be a curve, so as to make the blind core plane F

40 curved. The inter-slat distance 4 of the blind 2 can be selected
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serial coupling row by 25 over| appi ng. or abuttlng t he
Cor nehal BHGRS GRES Jf Ee b6l Bred fopfaig & mametid ahiefh Stricture,

disposing the blinds row(s) 16 so as to face a magnetic field to be
shielded. With the magnetic shield structure thus built, the inter-slat
distance d in each blind 2a, 2b allow free passage of air and light
therethrough, and yet the serial coupling of slats 1 in a row by

25 overlapping or abutting of the terminal portions of the slats 1 being
coupled provides magnetic continuity between the blinds 2a, 2b thus
coupled. Whereby, leakage of magnetic flux at the coupling between
adjacent blinds 2a, 2b in such blinds row 16 can be suppressed low. Thus,
with the magnetic shield structure of the invention, the effective area

30 of magnetic‘field allowing passage of air and light can be expanded, for
instance simply by lengthways coupling of a number of blinds 2a, 2b. In
the illustrated examples, the inter-slat distances dl, d2 of the blinds
2a, 2b are the same, but they may vary from blind to blind under certain
conditions. For instance, the inter-slat distance d2 of the blind 2b may

35 be m (m being an integer not smaller than 2) times as large as the inter-
slat distance dl of the blind 2a, and the slat 1 of the blind 2b may be
coupled to every m™ slat of the blind 2a.

To £ind a most suitable method for coupling terminal portions of

corresponding slats 1 of adjacent blinds 2 in a straight row, the

40 inventors carried out experiments. For the experiments, specimens of



coupl ed provides magnetic continuity between the blinds 2a, 2b thus

coupl ed. \Wereby, |eakage of magnetic flux at the coupling between adjacent
blinds 2a, 2b in such blinds row 16 can be suppressed |low. Thus, with the
magnetic shield structure of the inventlodn, the effective area 30 of
magnetic field all ow ng passage of air and |ight can be expanded, for

I nstance sinply by | engthways coupling of a nunber of blinds 2a, 2b. In the
illustrated exanples, the inter-slat distances dl, d2 of the innds 2a, 2b
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of 20 CQBY@ﬁpQﬂd&}{wsﬁémn%pﬁ-lﬁﬁM| l'y crossi ng blinds 2, the inventors
carried out exper E(m,ants For_ suc per a.row

CRr 11,200 ARELATERLS, ol SUPONSSPSIMIELS: cRRRE S tal oty el
t hr og@h pbarespondingaslatyy 1ovemusippllygcrdssiogoskindg 2, the inventors
carried out experiments. For such experiments, specimens of
(e) a row of blinds 2 in which corresponding slats 1 of adjacent blinds
are coupled through planar contact by overlapping the crossing
portions thereof as shown in Fig.5(E),

25 (f) a row of blinds 2 in which corresponding slats 1 of adjacent blinds
are coupled through planar contact by overlapping the crossing
portions thereof while inserting a non-magnetic member 8b, e.g., an
acrylic resin plate as shown in Fig.5(F),

(g) a row of blinds 2 in which corresponding slats 1 of adjacent blinds

30 are coupled by abutting one slat's terminal edge to the other slat's
sidewall as shown in Fig.5(G), and

(h) a row of blinds 2 in which corresponding slats 1 of adjacent blinds
are coupled by abutting one slat's terminal edge to the other slat's
sidewall and overlaying a magnetic material bridging plate 8a across

35 the abutted edge-sidewall portions as shown in Fig.5(H)

were made, respectively, and the above-mentioned shield coefficient S of
each specimen was measured by placing each specimen at the central

portion of the loop coil L of Fig.15(A). As a result, it was found that,
as compared with the measured coefficient S value of the specimen of the

40 row of blinds 2 in Fig.5(E) which was the largest, the measure value of



portions thereof as shown in Fig.5(E), 25 (f) a row of blinds 2 in which
corresponding slats 1 of adjacent blinds are coupled through planar contact
by overl apping the crossing portions thereof while inserting a non-magnetic
menber 8b, e.g., an acrylic resin plate,as shown in Fig.5(F), (g) a row of
blinds 2 in which corresponding slats 1 of adjacent blinds 30 are coupl ed
by abutting one slat's termnal edge to the other slat's sidewall as shown
in Fig.5(G, and (h) a row of blinds 2 in which corresponding slats 1 of

adj acent blinds are coupled by abutting one slat's term nal edge to the
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edges, e-sid buttin of the correspondin slats_1 of adjacent
bl 'nds 2 38ESEHRERRITT OF gt A\ POFTIANGE e b SHRPEPPERBY IPSABI% A
per f or mramagneatiilcl mieersapredginy byaty Sal aytrasg the mbgthiedd tetminali edgdsr ofigi ng
plate 8a qagfpss the abutted term nal edges of slats 1. 20 Figs.2(A) through
2(D) show exanpl es of magnetic material frame 6 prepared by overl aé)pi ng or
abut 9 ng of Féﬂ@ﬂt(ﬁéﬂW“%(?‘Bé)rﬁir}"@’ngxﬂ‘rples of magnetic material frame

prepared by overlapping or abutting of longitudinal end portions of

regular or shortened slats 1 substantially on the same plane as that of
the slat itself, which frame 6 may be used to form a lengthways coupled
blinds row 16. In fact, a lengthways coupled blinds row 16 of Figs.1l(B)

25 and 1(C) may be produced by overlaying the magnetic material frames 6 of
Figs.2(A)-2(D) in the normal direction of the frame at a required inter-
frame distancé d.

The lengthways coupled blinds row 16 can be applied to almost any
arbitrary surface to be shielded in a space to be magnetically shielded.

30 It is noted here that the shield performance of the lengthways coupled
blinds row 16 can be greatly increased by arranging the blinds row 16 so
as to form a closed magnetic path which surrounds a space to be shielded.
Fig.3(A) illustrates an example of such lengthways coupled blinds row 16
which forms a-closed magnetic path.

35 The lengthways coupled blinds row 16 of Fig.3(A) which forms a closed
magnetic path may be built by overlay a plurality of annular magnetic
material frames 6 of Fig.4 one over another in the normal direction (i.e.
slat thickness direction) thereof at an inter-frame distance 4. Fig.4(a)
shows an example of the annular magnetic material frame 6 prepared by

40 lengthways coupling four magnetic slats 1 through overlapping of one-end



regul ar or shortened slats 1 substantially on the same plane as that of the
slat itself, which frane 6 may be used to form a | engt hways coupled blinds
row 16. In fact, a |engthways coupled blinds row 16 of Figs.|(B) 25 and | (C)
may be produced by overlaying the magnetéc material franes 6 of
Figs.2(A)-2(D) in the normal direction of the frane at a required inter-
frame di stance d. The | engt hways coupl ed blinds row 16 can be applied to

al nrost any arbitrary surface to be shielded in a space to be nagnetically
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magnetic shield structure having openlngs can y by
To check the shield performance of the lengthways coupled bllnds row

16 which form a closed magnetic path, a lengthways coupled blinds row 16
(with an inside volume of 280mmx280mmx280mm) as shown in Fig.3(A) was

25 formed by coupling the four blinds 2 through overlapping of terminal
portions thereof so as to form a planar closed magnetic path. Each blinds
2 were made by overlaying eight slats 1 (made of grain-oriented
electrical steel sheets), each being 0.35mm thick, 25mm wide and 300mm
long with an inter-slat distance d=30m. For comparison, the "tightly

30 closed type" magnetic shield unit 22 of cubic shape as shown in Fig.3(B)
(to be sometimes called "solid shield unit 22", hereinafter) was made by
using four solid shield plates 20 each being 0.35mm thick, 280mm wide and
280mm long. The weight of magnetic material used in the blinds row 16 of
Fig.3(A) was substantially the same as that in the solid shield unit 22

35 of Fig.3(B). The shield coefficient S of the blinds row 16 and the solid
shield unit 22 thus made was measured, by placing each of them at a time
in the proximity of the center of the loop coil L of Fig.15(A). In the
measurement, a unidirectional DC magnetic field M of 5-200pT was produced
at the central portion of the loop coil L, and the magnetic flux density

40 B after shielded was measured by placing a magnetic sensor 9 at the



20 overlapping the frames 6 in normal direction thereof at a suitable inter-
frame distance d, so as to facilitate | owcost production. To check the
shield perfornance of the | engthways coupled blinds row 16 which forma

cl osed magnetic path, a |engthways coup1 d blinds row 16 (with an inside
vol ume of 280mMx280mMmx280nm) as shown in Fig.3(A) was 25 formed by coupling
the four blinds 2 through overlapping of termnal portions thereof so as to
forma planar closed nmagnetic path. Each blinds 2 were nade by overlaying
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and Fig. ia@md'g”'%ow?‘tl%cﬁ%t Qﬁov&rhgegr%t}e%r Fig. Jms hons 'Eﬁ&&ﬁhh&r fdlgge&ienm ty
pOHO( = BOélﬁbe qQre bei ngws | el and the ordi nate shows the shi el
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unit 22 pfheElindée2 dorws sukbsannm@as Lvhagde vﬂfhehexq:ca:bummabpac&smbtlse of Table 3
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uni directional. DC nmagnetic fie | s concer ned engt hvvays
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be reduced by using the lengthways coupled blinds row 16 having the
annular plana: magnetic path for enclosing the space to be shielded, as

25 compared with the similar amount required by the use of the solid shield
unit 22. Hence, the invention enables building of a high-degree magnetic
shield structure economically and efficiently.

Table 3
Preshield magnetic flux density By 10uT 50uT 100aT
Shield coefficient S of lengthways coupled blind row having a 47 74 83

planar closed magnetic path (Fig.3A)
Shield coefficient S of tightly closed type magnetic shield unit
(Fig.3B)

23 25 26

Fig.8 shows another embodiment of the invention. A sideways stacked
blinds unit 3 (see Fig.8(C)) is formed by sideways stacking a plurality
30 of blinds 2a, 2b such as those of Figs.8(A) and 8(B) while disposing the
blind core planes Fa, Fb thereof substantially in parallel to each other.
The sideways stacked blinds unit 3 can be used as a magnetic shield



annul ar planar magnetic path is drastically reduced. The above-referred

hi gh shield perfornmance appears to be due to the enclosing of the space 20
to be shielded by said annul ar planar netic path having drastically
reduced magnetic flux | eakage. It is al%% noted that the amount of nagnetic
material to achieve a required degree of shield performance can be reduced
by using the | engthways coupled blinds row 16 having the annular planar
magnetic path for enclosing the space to be shielded, as 25 conpared wth
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20 in individual blinds 2a, 2b and the like can be determined beforehand by
experiments or computer calculation so as to optimize or maximize the
shield performance relative to specific magnetic field M to be shielded.

The illustrated sideways stacked blinds unit 3 per se may be applied
to an arbitrary shieldable plane in a space to be magnetically shielded.

25 If, however, a large shielding surface is required to shield a given
broad magnetic field M, the shielding surface of the sideways stacked
blinds unit 3.o0f Fig.8(C) can be expanded by coupling a number of such
units 3 in a manner similar to the method of forming the above-mentioned
lengthways ¢oupled blinds row 16. More specifically, a plurality of the

30 illustrated sideways stacked blinds units 3 each having a comparatively
small shielding surface may be coupled together through overlapping or
edge-to-edge abutting of terminal portions of corresponding slats in
adjacent sideways stacked blinds units 3 so as to produce an enlarged
version of the sideways stacked blinds unit 3 having a broad shielding

35 surface. Fig;9 shows an embodiment of combination of two sideways stacked
blinds units 3, namely stacked unit 3A including a blind 2Aa having
vertical slat orientation and another stacked unit 3B including a blind
2Ba having vertical slat orientation. The two sideways stacked blinds
units 3A and 3B of Fig.9 are coupled by serial magnetic coupling of the

40 vertically oriented slats of the blinds 2Aa and 2Ba thereof through



conbi nati on of perpendicular slat orientations for the two blinds 2a and

2b. If the required level of shield performance is | ow, another conbination
of slat orientations such as parallel slat orientations nay be used in

adj acent slats 2a and 2b. Preferably, bgst slat orientations 20 in

I ndi vidual blinds 2a, 2b and the |i ke can be determ ned beforehand by
experinments or conputer calculation so as to optim ze or maxim ze the

shield performance relative to specific magnetic field Mto be shiel ded. The
il lustrated sideways stacked blinds unit 3 per se may be applied to an
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not to be linearly coupled need not be the same between adjacent sideways
stacked blinds units 3.

25 Referring to Figs.3(A), 4(A)-4(C) and 11, it is possible to couple
serially three or more sideways stacked blinds units 3 by serial coupling
of corresponding slats of adjacent stacked units 3, so as to form a
closed magnetic path surrounding a space to be shielded. With such a
closed magnetic path, the magnetic shield performance of the magnetic

30 shield structure having openings can be further improved.

As a feature of the invention, the shield performance of each

magnetic shield structure using the sideways stacked blinds unit 3 can be
controlled by modifying the number of layers of blinds 2 in such stacked
unit 3, in addition to the above control by modification of the slat

35 orientation in the individual blinds 2a, 2b. The inventors conducted
experiments by making specimens of sideways stacked blinds unit 3 each
having magnetic blinds 2 (formed of PC Permalloy slats 1) in three layers,
i.e., an inner layer, a middle layer, and an outer layer; modifying the
slat orientations in the three layered blinds; and measuring the shield

40 coefficient S of the specimens by placing each specimen at the central



portions 5 thereof. The enbodi nents of Figs. 9 and 10 show that, for a 15

magnetic field Mwth a |arge surface area to be shielded, a nmagnetic

shield structure can be provided by using an enl arged version of sideways

stacked blinds unit 3 equipped with shi tfd per formance capabl e of neeting

the required need. It is noted that, in the enlarged version of the

si deways stacked blinds unit 3, the inter-slat distance d for those 20
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Fig. 15(AutiThearesul ts of the experiments are shown in Itens 15-18 of Table
4. By conparing ltens 15-18 of Table 4 wth Itens 5-8 of Table 2, one can
understand that the shield performance of the sideways stacked bl inds unit
3 can be inproved by increasi ng t he Sramlebér of |ayers of blind 2 therein,
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14 Vertical (air gap) Horizontal 43
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17 3 Horizontal Vertical Horizontzl 59

18 Vertical Horizontal Vertical 59

The inventors found by experiments that with three-layered sideways
stacked blinds unit 3, shield performance of that blinds unit 3 can be
improved by inserting, for instance, an air gap layer 4 between adjacent
blind layers 2. The inventors made specimens of sideways stacked blinds

20 unit 3 having an air gap layer 4 between two blind layers 2 (formed of PC
Permalloy slats 1) as shown in Fig.8(D), and the shield coefficient S of
the specimens was measured by placing each specimen at the central
portion of the loop-coil L of Fig.15(A). The results of the experiments
are show in Items 11-14 of Table 4. As can be seen from comparison of

25 Items 11-14 of Table 4 and Items 4-8 of Table 2, shield performance can

be improved by inserting an air gap layer 4 between of blind layers 2.



structure of the invention, synergistic effects of inprovenent by a

conbi nation of (i) increase in the nunber of blind layers and (ii) crossing
of blind orientations in adjacent blind %ayers are effectively 15 utili zed.
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for 15 and a slat sidewall to be abutted, gap G between slat terminal portions 5

(Fig,2(B)) to be overlapped (namely, the gap between two magnetic plates
which are overlapped, taken in the thickness direction of the plate
overlapped), the magnitude of the overlapped area ¢, the kind of magnetic
material, and the number of blind layers to be stacked in a sideways

20 stacked blinds unit 3. It is also possible to adjust the shield
performance by modifying the shape of terminal edges of slats 1 to be
abutted together. For instance, the terminal edge of slat 1 to be abutted
may be cut with an angle 45° relative to the longitudinal central axis C,
so as to facilitate abutting of the thus cut terminal edges.

25 [Experiment 1]

To check the relationship between the space in the abutted slat
terminal edges and shield performance obtained by using the abutted slat
terminal edges, six specimens of lengthways coupled blinds rows 16 as
shown in Fig.1(B) were made by serially coupling corresponding slats 1 of

30 three blinds 2 through terminal edge abutting, each blind 2 having eight
slats 1 (grain-oriented electrical steel sheet with a length direction
aligned with the rolling direction of steel), each slat 1 having a
thickness 0.35mm, a width 25mm, and a length 300mm, the eight slats 1
being overlaid one over another with an inter-slat gap d=30mm. Six

35 specimens had abutting spaces of different magnitudes in the range of 0-
5mm in the terminal edge, respectively. The shield coefficient S of each
specimen of the lengthways coupled blinds row 16 thus made was measured
by placing each specimen at the central portion of the loop coil L of
Fig.15(A), producing a unidirectional DC magnetic field M in the central

40 portion of the coil L, and measuring the magnetic flux density B by a
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the ar aanthhe same as that of Experiment 1. In each specimen of the lengthways

coupled blinds row 16, overlapping gaps G of different magnitudes were
formed in a range of 0-5mm, varying from specimen to specimen. The shield
coefficient S of each specimen of the lengthways coupled blinds row 16

25 thus made was measured by placing the specimen at the central portion of
the loop coil L of Fig.15(A), producing a unidirectional DC magnetic
field M of 100pT in the central portion of the coil L, and measuring the
magnetic flux density B by a magnetic sensor 9 disposed inside the
enclosed inner space of the blinds row 16. The experimental results are

30 shown in Table 5 and Fig.18.

Table 5
Overlapping Gap (mm) 0 (01| 02]| 05 1 2 3 4 5
Shield Coefficient S 85| 851 83| 80|79} 70| 47| 35| 33

Comparison of Table 5 and Table 3, even with an overlapping gap G of
5mm, a shield performance higher than that of the solid shield unit 22
can be obtained. Table 5 and Fig.18, however, indicate that the shield

performance deteriorates with the increase of the overlapping gap G, and



Fig.17, the abscissa shows the abutting space, and the ordinate shows the
shiel d coefficient S nmeasured. The experimental results teach that the

shi el d performance decreases with the increase of the abutting space, but

it was confirmed that with an abutting $bace of not greater than 3mm 10
significant shield coefficient can be achieved. Mre specifically, in
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that the shield er or mance ertorates with the increase of
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shield coefficient S measured. The circle ¢ indicates the result of
Experiment 2, and a cross x indicates the result of this Experiment. The
Experimental result of the figure teaches that when the ratio of the
overlapping gap G to the length E of each row of slats is 0.0025 or less,
good shield performance was achieved. Hence, when lengthways coupled
25 blinds row 16 is made by overlapping terminal portions of slats 1, the
ratio of the overlapping gap G to the length E of each row of slats
should preferébly be kept 0.0025 or less (G=0.0025xE).
[Experiment 4]
To check the relationship between the overlapped area & of overlapped
30 terminal portions 5 of slats 1 and shield performance obtained by using
the overlapped area, specimens of lengthways coupled blinds rows 16 as
shown in Fig.3(A) were made by four of the same blinds as those of
Experiment 2 while using that slats coupling by overlapping of terminal
portions of the slats through various areas & at each coupling, and the
35 shield coefficient S of each specimen was measured. The experimental
results are shown in Table 6 and Fig.20. In the graph of Fig.20, the
abscissa shows ratio between the square of slat terminal portion width
(W?*), the width W being 25mm, and the overlapped area & of the terminal
portions 5 (=& /W*, to be called as "overlap area ratio", hereinafter),
40 and the ordinate shows the shield coefficient S measured. Table 6 shows



were made by using blinds 2, each being prepared by overlaying eight slats
1 (grain-oriented electrical steel sheet), each slat 1 having a thickness
0.35m a width 25m, and a I ength 900m, the eight slats 1 10 being overlaid
one over another with an inter-slat gap24=30mm and the shield coefficient
S of each blinds rows 16 was neasured in the simlar manner to that of
Experinent 2. In Experinment 2, the length E of each row of slats (the

| engt h of each cl osed nagnetic path) was 1200mm (300x4), and the
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shiel d reinforced by a magnetic material bridging plate 8a covering one side

surface of the abutted portions, if that coupling is further supplemented
by a second bridging plate 8a applied to the opposite surface of the

20 abutted portions, then the number of overlapped surfaces can be increased
by sandwiching the abutted portion at the opposite surfaces thereof.
Further, in case of coupling two slats 1, if each slat 1 is a laminated
plate made by lamination of a number of thin magnetic material sheets 18
(see Fig.6 and 7), then the thin sheets 18 of one slat 1 may be

25 overlapped on the thin sheets 18 of the other slat 1 one over another, so
as to increase the number of overlapped surfaces.
[Experiment 5]

To check the change in shield performance due to increase of the

number of overlapped surfaces, with four slats 1 (la, 1lb, 1lc, 14 and so

30 on) each having three thin magnetic material sheets 18 (grain-oriented
electrical steel sheet with a thickness 0.35mm, a width 25mm, and a
length 300mm).laminated therein, three kinds of annular magnetic material
plates (annular frames) 6a, 6b, 6c were prepared by coupling four such
slats la, 1b, 1lc, 1d so as to form a magnetic closed path. Fig.6(A) is a



5 performance deteriorates when the overlap area ratio is smaller than
(0.1-0.2). Therefore, when | engthways coupled blinds row 16 is nade by
overlapping termnal portions of slats 1, it is preferable to keep the
overlap area ratio at 0.1 or larger (? &3 1W2), nore preferably 0.2 or

| arger (?=0.2W2) Table 6 Overlap Area Rati 000.10. 20.40.60.81.0 Shield
Coefficient S4.76.07.98.08.38.58.5 10 EMBODI MENT 2 The shi el d performance of
the magnetic shield structure of the invention can be controlled by
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l6c using the annular frames of Figs. 6(A) through 6(C).

20 The shield coefficient S of each specimen 1l6a, 16b and 16c thus made
were measured by placing the specimen at the central portion of the loop
coil L of Fig.15(A), producing a unidirectional DC magnetic field of 5-
200pT in the central portion of the coil L, and measuring the magnetic
flux density B by a magnetic sensor 9 disposed inside the enclosed inner

25 space of each specimen. The experimental results are shown in Table 7 and

Fig.21.
Table 7
Preshield magnetic flux density B, 10uT 50uT 100uT
a. Shield coefficient S, with Shield of Fig.6A 6.6 9.1 104
. Shield coefficient S, with Shield of Fig.6B 7.9 109 11.7
C Shield coefficient S, with Shield of Fig.6C 42 57 6.7
ref. Shield coefficient S of Tightly closed type shield unit 27 3.1 32

In Fig.21, the abscissa shows preshield (or before being shielded)
magnetic flux density pHye(=B,) and the ordinate shows the shield
coefficient S of the specimens l1l6a, 16b, 16c and the solid shield unit 22

30 after being placed by the loop-coil L. Based on the comparison of Tables
7 and 3, it was confirmed that the use of laminated magnetic plate as



frame 6c¢c, which has coupling nmade by abutting termnal portions. A first
speci nen 16a of a magnetic shield structure was nmade by overl ayi ng ei ght
annul ar frames 6a at an inter-frame di stance d=30nm as shown in Fig.3(A).
Second and third speci nens 16b, 16c of 2#e magnetic shield structure were 10
made in the simlar manner to the first specimen 16a except that the eight
annul ar frames 6a were replaced by eight annular franes 6b and 6c.
respectively Each of three speci nens had i nner volune of 280mMx280mMx280m
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To achieve high-grade magnetic shield performance with the magnetic
shield structure having openings, it is important to couple terminal
portions of the slat 1 by overlapping with planar contact and to suppress
flux leakage from the coupled portions through the planar contact. The

25 coupling of two slats 1 by snug engagement of uneven edge surfaces
thereof as shown in Fig.7(G) can produce a large number of overlapping
contact surfaces between adjacent slats 1 and more effectively minimizes
the magnetic flux leakage thereat, as compared with the simple overlap-
type coupling of Fig.2(B). If the number of thin magnetic material sheets

30 18 is constant, the smaller the numbers of sheets to be manipulated as a
group, the more number of overlapped surfaces are produced, and the
smaller the magnetic flux leakage becomes. The number and shape of the
protrusions and indents are not restricted to those illustrated. The
inventors have found out through experiments that preferable depth R of

35 the indent (the length of the protrusion from the edge portion of thin
sheet 18) from tip of the protrusion is not smaller than one tenth of the
slat terminal portion width W (R20.1W). If the indent depth R become
less than one tenth of the slat terminal portion width W, the gap formed
at the coupling portion cannot be neglected from the standpoint of

40 magnetic flux leakage, and such magnetic flux leakage would amount to a



7(A) and 7(B) show a slat 1 nmade by lamnating six thin magnetic materi al
sheets 18 in the thickness direction thereof. Adjacent three thin sheets 18
are longitudinally protruded or recessed as a group relative to the 10

remai ning thin sheets, so as to produce2®he indents and protrusions on one
or both |ongitudinal termnal edge surface. The slats 1 of Figs. 7(C) and
7(D) are nmade of eight thin nagnetic nmaterial sheets 18, of which adjacent
two sheets are mani pulated as a unit to produce the projections and
recesses strch;ture on_one _or both term nal edges thereof. In the slat 15 1
of Figs. STPE) 'SRA" FFEJ "%8ven thin sheets magnetic material 18 are

| am nat ed and each individual sheet is mani pul ated to produce uneven

term nal edge surface with protrusigpepavsle gcesses. Any one of the slats 1
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ax1s A passing the center O of a space Q to be shielded, each plate 6

having a diameter not exceeding the boundary of the space Q on the plane
P. This basic unit 7 corresponds to the lengthways coupled blinds row 16

25 of Fig.3(A). An example of the annular magnetic material plate 6, as
depicted in Fig.4, consists of magnetic slats 1 magnetically coupled with
each other by overlapping or abutting of terminal portions thereof so as
to form a closed magnetic path. A plurality of basic units 7 in different
axial directions A, such as three directions A,;, A,, A;, may be superposed

30 to form an enclosing surface of thé space Q, such as six walls including
four sidewalls and top wall and bottom wall.

A method for building the magnetic shield structure of Fig.12 will be
explained by referring to Fig.13. To begin with, a plurality of planes P
crossing a first axis A; at right angles with a certain pitch d;, the axis

35 A, passing the center O of a space Q to be magnetically shielded, are
considered. A set 7, of first annular magnetic material plates 6, are
placed on the planes P;, respectively. Each annular magnetic material
plate 6, has an outer diameter not exceeding the boundary of the apace Q
on the plane P;. Then, within the inside space of the set 7, of first

40 annular maghetic material plates 6;, a second axis A, passing the center O



In case of passive shield for a roomwherein the direction of magnetic
field Mto be shielded is varying and not definite, a magnetic shield
structure using the Iengthmays coupled blinds row 16 as shown in Fig.3(A
seens effective as a "basic unit". The &hield structure of Fig.3(A), 10
however, has a weakness in that the shield performance in the direction of
overlaying the annular magnetic material plates 6 is ineffective or small.
To deal with magnetic field of any direction, it is inportant to elinminate
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of the planes P, and P, with the axes A, and A,, respectively.
Preferably, as shown in Fig.13, within the vacant space in the second

25 set 7, of second annular magnetic material plates 6,, a third axis A;
passing the center O of the space Q while crossing both the first and
second axes A; and A, at right angles and a plurality of planes P; crossing
the axis A; at right angles are placed. A third set 7; of third annular
magnetic material plates 6; with outside diameters smaller than the inside

30 diameters of the second annular magnetic material plates 6, are placed on
the planes P;, respectively. With such arrangement, on six peripheral
surfaces of the space Q to be shielded, i.e., four sidewalls, ceiling and
floor are provided with two-layered blinds 2 with crossing slat
orientation, and the shield performance as listed in Items 7-8 of Table 2

35 can be provided on all the six side peripheral surfaces of the space Q to
be shielded. Further, if the gap layers 4 (Fig.8(D)) are provided between
the first set 7, of first annular magnetic material plates 6; and the
second set 7, of second annular magnetic material plates 6,, and also
between the second set 7, of second annular magnetic material plates 6,

40 and the third set 7; of third annular magnetic material plates 6;, then



space Qto be shielded a set 71 of first annular magnetic material plates 5
61 are placed, and in the space within the set 71 of first annul ar nagnetic
material plates 61, a second set 72 of second annul ar magnetic nateri al

pl ates 62 are placed. In the exanple of tlg 13, the first annul ar nagnetic
material plates 61 and second annular magnetic material plates 62 are nade
rectangular, 10 and the first axis Al and the second axis A2 cross at right
angles, so that on the ceiling and floor, two |ayers of innds 2 are
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heat radiation therethrough. Each set 7 of annular plates 6 may be
provided with ventilation draught 11, so that air passage from an air-

25 conditioner compressor 12 to the space Q may be formed despite the multi-
layered telescopic annular plates 6, so as to facilitate conventional
design of air-conditioning and other environmental control means. Further,
suitable heat insulations 10 may be disposed between adjacent annular
plates 6, for‘instance as air gap layer 4, so as to build a magnetically

30 shielded clean room of constant temperature type.

[Experiment 7]

The inventors have built a model magnetic shield structure having
openings of three-layered telescopic type, as shown in Fig.13, by using
sets 7 of annular magnetic material plates 6 (see Fig.4(A)) formed of

35 slats 1 of PC Permalloy, which slats 1 were serially coupled through
overlapping of terminal portions 5 thereof. The shield performance in
terms of shield coefficient S of this model magnetic shield structure was
measured by placing it at the central portion of the loop coil L of
Fig.15(Aa), disposing a magnetic sensor 9 inside the model magnetic shield

40 structure, and generating a required magnetic field M with required



applied to all the peripheral surfaces of the space Qin six directions.

Al t hough the structure shown in Figs.12 and 13 is of three-|ayered

tel escopic type, it is also possible to_consider a structure of nth order.

5 1n case of the nth order structure, affnth axis An passing the center 0 of
the space Q and a plurality of nth planes P" crossing the axis An with a
certain pitch d,,, for instance at right angle with uniformpitch, are

pl aced within the inside space of the (n-1)th set 7" _1 of annul ar nagnetic
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measured by placi ng it at the central portion of the loop coil L of

Fig. 15(A), di t 9 de th del hield 40
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10 structure having openings of three-layered telescopic type as shown in
Fig.13 revealed higher shield performance in both DC or AC magnetic field
as compared with that of the solid shield unit 22 using the same weight
of magnetic material as that of the shield structure of the invention.
Especially, with respect to DC magnetic field, the shield performance of

15 the shield structure of the invention showed 5-8 times as high
performance as that of the solid shield unit 22. As the magnetic flux
density increased, the difference in the shield performance between the
structure having openings and the solid shield unit 22 increased. It was
confirmed from the results of this Experiment that the shield structure

20 having openings according to the invention revealed high magnetic shield
at reasonable cost for magnetic field of high magnetic flux density, as
compared with conventional "tightly closed type" shield structure.

EMBODIMENT 4
25 The magnetic shield structure having openings according to the

invention is expected to serve for not only passive shield but also for

active shield. Further, the shield structure of the invention is expected



28 magnetic flux density by feeding a DC or AC current in the coil L.
Further, the solid shield unit 22 as shown in Fig.3(B) was nmade by using

the solid shield pl ates 20 made of PC Permall oy, and its shield performance
was neasured and conpared with that of 2%he shield structure 5 having

openi ngs of the invention. The same weight of the magnetic material as used
in the shield structure having openings of the invention was assigned for
buil ding the solid shield unit 22 The results of this Experinent are shown

in Table net | | i hield ef fi i. [tem
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cl osed t IR dPFERASEROT BRRFTISFENICRENIENS 108 FRANIFEE| 11 SRPREY st ruct ur e
havi ng o;eaningmea’ccolmengblmdsheayer(s) of the stacked structure may be

15 assigned for active shielding to suppress (shield) the influence from
indoor, while assigning outer blinds layer(s) for passive suppress
(shield) of the influence from outdoor, so as to ensure reliable
performance of both active and passive magnetic shielding. More
specifically, the shield structure of the invention is particularly

20 useful for indoor room having strong magnetic machines like MRI in a city
zone subject to powerful magnetic noises railways, power lines, electric
stations and the like
[Experiment 8]

To confirm that the shield structure of the invention acts

25 simultaneously for both passive shield and active shield, the inventors
built a three-layered telescopic magnetic shield structure having
openings as shown in Fig.1l3 by using slats made of grain-oriented
electrical steel sheets, placing the loop coil L in the central portion
of the structure as shown in Fig.15(B)., generating DC magnetic field M by

30 flowing a DC current in the coil L in the direction of the arrow I as
similar to that of MRI, and measuring the magnetic flux leakage outside
the structure by a magnetic sensor 9. By moving the sensor 9 to a number
of spots outside the structure, the flux density in three axial
directions at each spot was measured and the measured values were

35 synthesized, and a map showing distribution of magnetic field strength
outside the shield structure was prepared based on the synthesized values.
By comparing similar map when the shield structure was not used, the
active shield performance of the shield structure of the invention was
studied. In addition, the so0lid shield unit 22 was made by using grain-

40 oriented electrical steel so0lid shield plates in the same manner as that



I nvention is expected to serve for not only passive shield but also for

active shield. Further, the shield structure of the invention is expected 29

to fulfill simultaneously both the active and passive shield perfornance.

It is noted that roons having instrumen®® driven by strong magnetic field

such as MRl or NWMR (Nucl ear Magnetic Resonance) are required to suppress
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abutting of the solid shield plates as indicated in Figs.5(B) and 5(I),
while the shield structure having openings according to the invention
used overlapping through planar contact type coupling as shown in
25 Figs.5(A) and 5(E),

MRI rooms in medical organizations are expected to suppress the
outdoor leakage of magnetic flux to 0.5mT or below, preferably about
0.1mT, to avoid undesirable effects on outside persons carrying pace-
makers or other outside medical instruments. The experimental results

30 shown in Fig.22 indicate that the shield structure having openings
according to the invention has higher active shield performance than that
of "tightly closed type" shield structure using the same weight of
shielding material, and hence is suitable for magnetic shielding of MRI
rooms and the like.

35

EMBODIMENT 5
The shieid performance of the magnetic shield structure having

openings according to the invention may vary depending on the magnetic
materials used. For achieving good shield performance, it is preferable
40 to use soft magnetic materials with a high permeability p. Permeability



By conparing simlar map when the shield structure was not used, the active
shield performance of the shield structure of the invention was studied. In
addition, the solid shield unit 22 was nade by using grain 40 oriented
electrlcal steel solid shield plates in 3the sane manner as that 30 of
Experiment 7, and a simlar map nmagnetic showi ng distribution of nagnetic
field strength was prepared to conpare the active shield perfornance of the
solid shield unit 22 with that of the structure of the invention.
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The experinental results 30 shown in Fig.22 indicate that the shield
structure having openings according to the invention has higher active
shiel d performance than that of "tﬁwﬁ;@@_ésed type" shield structure

usi ngot he samhe wRigpBti®fshield elteudtgiraahia®ring openiflgd edreerdingsSuo ttalel e f or

”agneti(:iﬁbéﬁﬂf%hngk(g%fgéﬂiverfﬁ”ﬂ%egéﬁtfhgeuﬁdéégrable influence (disturbance

on monitor images of OA (office automation) machines) caused by AC/DC

magnetic filed due to electric currents in electrical wires, such as
power cables and current-carrying wires, so as to maintain orderly

25 magnetic envifonment around electrical wires. As heat generated in cable
duct for electrical wires must be dissipated, supplementary cooling
facilities become necessary if such duct is completely covered by
"tightly closed type" shield structure. If the cable duct is made open-
type by the magnetic shield structure having openings of the invention,

30 need for additional cooling facilities with magnetic shield can be
eliminated, and the duct can be kept simple and shield materials for
additional magnetic shield can be saved. Further, in case of installing
additional cable(s) for expansion of facilities, complicated process is
necessary to strengthen the duct with conventional "tightly closed-type"

35 duct. On the other hand, addition of cables can be handled very easily
with the open-type duct of the invention.

Fig.23(A) shows an example of such open-type magnetic shield cable

duct for electrical wires. Annular magnetic material frames (annular
frames) 6 are disposed so as to enclose electrical wires 24 on planes

40 crossing the direction of the wires 24 at about right angles while



35 EMBODI MENT 5 The shield performance of the magnetic shield structure
havi ng openings according to the invention may vary dependi ng on the
magnetic materials used. For achieving good shield performance, it is
preferable 40 to use soft magnetic matef¥als with a high perneability p.
Permeability 31 of soft magnetic materials, however, varies depending on
intensity of magnetic field, and magnetic field intensity that gives high
perneability depends on the kind of soft nmagnetic naterials. Hence, to
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structure. |finttte ealbddmdictofi Eigmd¢Appenwitey packy23 e smpoet | theshivdsd
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faciliti %Re éHﬁGEAE(%Qgﬁﬁk %rgféﬁgsahé the wire rack 23 can be dispensed with.

The annular frame 6 for the cable duct is not restricted to the

combination of elements slats lu and 1i, and if the shield of lower-side
of the duct alone is sufficient, the upper element slat 1i may be

25 dispensed with. Referring to Fig.23(B), the frame 6 for the open-type
cable duct may be formed by four or three elements slats 1i of I shape.

Although the embodiment of Fig.23 is intended to shield a source of

magnetic field within the cable duct, in areas close to large power
transmission lines and the like source of environmental magnetic field,

30 houses and rooms may be shielded by enclosing them with a plurality of
annular frames 6 in the same manner as that of this embodiment, so as to
construct clean environment from outdoor magnetic disturbances,

INDUSTRIAL APPLICABILITY
35 The magnetic shield structure having openings of the invention can be

used in a broad range of technical fields covering architecture,
construction and others. For instance, it is useful in installations
where strong magnetic field is used for MRI and the like medical
equipment, superconducting sensors, accelerators in semiconductor

40 factories and laboratories, strong magnetic field facilities for nuclear



necessary to strengthen the duct with conventional "tightly cl osed-type" 35
duct. On the other hand, addition of cables can be handl ed very easily wth
t he open-type duct of the invention. Fig.ZS(ﬁo shows an exanpl e of such
open-type magnetic shield cable duct fé# electrical wires. Annular magnetic
material frames (annular franes) 6 are disposed so as to encl ose electrical
wires 24 on planes 40 crossing the direction of the wires 24 at about right
angl es while 32 keeping a proper spacing therefrom so as to shield
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rack 23 Qtéﬂraaorﬂeatthgnyﬂfaﬁng ghSt -85 d1 g LA 1S PARF cRYT@4nded by the
annul ar franes 6. As long as the wres 24 are properly supported by the
annul ar frames 6 al one, 20 however, an open-type cable duct for electrical
wires can be forned by tIBRIERNDESORIPTEONEOF OrHE DRAWINGH the wire rack 23 can

be dispensedw,th. ar : o £ restricted
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be 25 di spenggdid ddrucRedeqrring to Fig.23(B), the frame 6 for the open-type
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Al t hough the FrodtrR el . 23 i%99 nrfgenaedetgmg]m eld A "EGUTCE of magneti c
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Fig.4 shows typical magnetic material frames forming closed magnetic

paths (annular magnetic material plates);
Fig.5 illustrates different methods for coupling slat terminal
25 portions which result in different shield performance;
Fig.6 illustrates three different methods of making a closed magnetic
path by coupling four slats;
Fig.7 is a schematic view showing examples of a laminated magnetic
material slat of the invention which has protrusions and indents at
30 terminal edge surface;
Fig.8 shdws schematic perspective views of embodiments of a sideways
stacked blinds unit of the invention;
Fig.9 is a perspective view of two sideways stacked blinds units
which are coupled in vertical direction;
35 Fig.10 is a perspective view of two sideways stacked blinds units
which are coupled in horizontal direction;
Fig.1l1l is a perspective view of an embodiment using two sets of the
lengthways coupled blinds row which forms a closed magnetic path;
Fig.12 is a perspective view of basic principles of telescopic type
40 magnetic shield structure using three sets of the lengthways coupled



construct clean environnent from outdoor magnetic disturbances, | NDUSTRI AL
APPLI CABI LI TY 35 The magnetic shield structure having openings of the
invention can be used in a broad range of technical fields covering
architecture, construction and others.3%or instance, it is useful in
installations where strong nmagnetic field is used for MR and the |ike
medi cal equi pnent, superconducting sensors, accelerators in sem conductor
40 factories and | aboratories, strong magnetic field facilities for nuclear
33 fusiop, electron beam (EB) deyices. e%a%%t_r oni ¢ microscopes, nuclear
magneti c Tesonance devi ces, TIUNK Power |ines and transformers in
power st at i of39- Yodtbustaghes ianfethess for byaddbng sbe|tedeperpict P ARERRELC | ke
conput er shoeId sanettRevess Foyrrn roons, and other simlar facilities. 5 The
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rail rpadsbielsl spoyctaygevef #19r3s of form railway stations, feeder covers,
nmagnetic shi ehgl. f50h s COEFRBMAEt 81Yrah NERiGHG N cheERWE lof | héiBridGhidea | i ke.

The shield_structur y..ne forned as functional parts of other 10 equi pnent
such as &°% ?Ig?‘“%%vogr ?R%eylgirfgmxfgeuf%ﬁ ng structures such as acoustic/nmagnetic

shield wal | Fiagddrs rmtaraph \ehowing (rhe - stiedd penformarncer pfila lengthways
heat - i nsybadidebiBetdbw- shiel ding wall, and the |ike. BRI EF DESCRI PTI ON OF

THE W NGS_15 Fig.1 sho chemat | c rspective views of two emhodirents
of al0 ) engt hEABSL T St EASHR (DU LT G T AL TR, PSR (i PEZTHRE S pr § or
art shi elsgass doncelirged Flqt2temniaat oiigent for voeplisgoamdghield pexémplasseof a
magnetic makegia iEraRaph HRGiARR! FARtEOndI8pUSEIdieb &Y RhGhituBE T es;
20 Fig.3 is a schenati c?ifersggctl ve view of an enbodj nent of 1he_ | engthways
coupl ed BPP P SUETAAPRIY IR eI Iy s BT HEGRet Pt PR HENIFAY Fifiths typi cal
magnet i ¢ prefamaacef rames formng cl osed magnetic paths (annular magnetic
mategial pl akes)ig Fkh Jrhbh %Bafﬁ%e%hglHﬁ&%ﬁsﬂstmeﬁ%ecgﬂmang sl at
termnal 25 portions which result 1n different shield performance;. Fig.6
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| am nat e i j,al slat of the invention which has protrusions and
i ndent s gP 38_?%%%%2?1%%@ surface; Fi gl 8 shows schenmatic perspective views
of enbodi nenF39 A0 &Sy @&ERRY showing the re

20 performance of a lengthways coupled blinds row made by overlapping slats

ationship between the shield

and overlap ratio (& /W°, & being overlapped area, W being slap width);:
Fig.21 is a graph showing the shield performance of a lengthways
coupled blinds row in which one of coupling the methods of Fig.6 is used:
Fig.22 shows maps illustrating the shield performance of the shield
25 structure of the invention and prior art shield structure; and
Fig.23 illustrates an example of magnetic shield cable duct having

openings.

EXPLANATION OF SYMBOLS

: magnetic material slat
: blind body
sideways stacked blinds unit

30

: air gap layer

: overlapping portion
35 : magnetic material frame

: set of magnetic material frames

: magnetic material bridging plate

O 0 9 &0 O & W N =

: magnetic sensor
10: heat insulation
40 11: ventilation draught



stacked blinds unit of the invention; Fig.9 is a perspective view of two

si deways stacked blinds units which are coupled in vertical direction; 35
Fig.10 is a perspective view of two sideways stacked blinds units which are
coupled in horizontal direction; Fig.113%s a perspective view of an

enbodi ment using two sets of the |engthways coupled blinds row which forns
a closed magnetic path; Fig.1l2 is a perspective view of basic principles of
tel escopic type 40 magnetic shield structure using three sets of the
Iengthmaxg,g%gpgﬁﬁﬁ_§ blinds row formng a closed magnetic path; Fig.13
illustratés a metho or building the tel escopic type magnetic shield

st ruct ur é3pfaim gassegeri g. 14 shows a practical enbodi ment of the tel escopic
type magnaet ival115 shield structure of Fig.12; Fig.15 is a schematic di agram
showi ng met hod. of ri shi el performance of shield structure;
Fig.16 igsg?%?ﬁgwm§ﬁ2§§%ge ﬁghéﬁfef performance of a |engthways coupled
bl i nd® rdf: megnetic material Hripiheetowi ng the rel ati onshi p between the

mig][li tUonQfmag%_éﬁi@n\hﬁeﬁ@ltbﬂﬁheskgéliffdeéﬁi%éhl@' pgflng?_s for couplti ng a{lﬁ shield
per f or mance; : is,aqr show.n re Lonshi. e n e

nagni tud«gEszz’gﬁg‘-’%ﬁ?n"%‘iﬁ& Igﬁﬁeﬁﬂﬁﬂﬁ gfﬁc%uﬁﬁl & &?’?isgﬁgl‘?o‘fn\g%gupl i ng and
shiel d p@Bforimentack 15 Fig.19 is a graph showing the relationship between
t he shiebd. pectpid@ngerdf a | engt hways coupl ed row nade by overl appi ng
slats and the ratio of the length E of each row nade by overl apped sl ats
over gap Gin the overlapped slats; Fig.20 is a graph show ng the

rel ati onship between the shield 20 performance of a | engthways coupl ed
bl i nds row nmade by overl apping slats and overlap ratio (a/\W2, a being
over |l apped area, Whbheing slap width); Fig.21 is a graph showing the shield
performance of a | engthways coupled blinds rowin which one of coupling the

nmet hods of Fig.6 is used; Fig.22 shows maps illustrating the shield
performance of the shield 25 structure of the invention and prior art
shield structure; and Fig.23 illustrates an exanple of magnetic shield cable

duct having openings. EXPLANATI ON OF SYMBOLS 30 1: nmgnetic material slat



2: blind body 3: sideways stacked blinds unit 4: air gap |ayer 5:

overl apping portion 35 6: nmagnetic material franme 7: set of magnetic
material frames 8: nagnetic material bridging plate 9: nagnetic sensor 10:
heat insulation 40 11: ventilation draught 35 12: air conditioner 13: air
passage 14: wall 16: |engthways coupled blinds row 5 18: nagnetic materi al

thin sheet 20: magnetic material plate (solid shield plate) 21, 22: tightly

cl osed type shield structure (solid shield unit) 23: wire rack 24:

el ectrical wire 36 CLAIMS 1. A magnet| ﬁﬂgeld structure havi ng openi ngs,

the structure conprising a plurality m | ar magnetic blind bodies, each
blind body 5 having an inmaginary blind core plane and a plurality of

][ragnet ic materi ﬂ-h rlnﬁghﬁﬂ:ic iiBga fraaetude nmﬁ@cbp&tlh@gj bﬁhgasdhﬁitaﬁse required
or magne| sniel diLn t| t In r ata

| ongi t udi EJmﬁgrnunﬂt ré’llugd}lllg er éﬂ%la"{%ggﬁ%;igl Fglcf1 cerit ?% a%gllééo

sl at s5 behﬁglngmanema@dnm@tlam iceire ypiagepand|al Elunadlé*a@f @@mtlérfnétﬂ%'lﬁll nd
corﬁ p: a{&&até—@e&ﬁ% gg;la'ba@l frefli &xcnbetmg 59L@Ida.dtéﬂbearé@y1ﬂan £6Y maghetieoupl i ng
each sl a eac
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bl'i nd corcentyfilapets gherénf .oEheidopgifusinat ece@d;r@blmbedofaghe osladhi being

successi w%lemnsﬁu&aﬁmals} ﬂh%@a@m $hasRh betaesn el 8ce cSJ’:@-tpiahQ e?ch
netic

ohi ot otPatrg BRABEBdE, ciumtof, B A Tow rereriel 1 AL sofh FhHe i des
three or em;h elindriedyctdla gdrigspordinghistat afeadincepbuplind baryt thfengm a
cl osed ’n%gafiéﬂbiﬁéiéi aBéting of slat terminal portions, whereby the blind core
planes of the blind bodies are so coupled as to define a successive
magnetic shield plane and spaces between adjacent slats in each blind

15 body form openings in the magnetic shield structure.

2. A magnetic shield structure as set forth in claim 1, wherein
said structure includes three or more magnetic blind bodies which are so

coupled as to form a closed magnetic path.

20
3. A magnetic shield structure as set forth in claims 1 or 2,
wherein each slat in each blind body is coupled to a corresponding slat
of adjacent blind body through overlapping of terminal portions with a
gap of not greater than 3mm therebetween.
25

4. A magnetic shield structure as set forth in claims 1 or 2,
wherein each slat in each blind body is coupled to a corresponding slat
of adjacent blind body through overlapping of terminal portions with a
gap G in the direction of overlapping, the gap G being not greater than
30 0.0025E (G=0.0025xE), E being the length of said row of magnetic blind
bodies.

5. A magnetic shield structure as set forth in claims 1 or 2,
wherein each slat in each blind body is coupled to a corresponding slat
35 of adjacent blind body through overlapping of terminal portions with an
overlapping area @& that is not smaller than one tenth of square W* of
width W of said slat terminal portions (=0.1W").

6. A magnetic shield structure as set forth in claims 1 or 2,
40 wherein each slat in each blind body is coupled to a corresponding slat



3. A magnetic shield structure as set forth in clains 1 or 2, wherein each
slat in each blind body is coupled to a corresponding slat of adjacent
bl i nd body through overl apping of termnal portions with a gap of not
greater than 3mm therebetween. 25 4. A‘ﬁhgnetlc shield structure as set
forth in clains 1 or 2, wherein each slat in each blind body is coupled to
a corresponding slat of adjacent blind body through overl appi ng of term nal
portions with a gap Gin the direction of overlapping, the gap G bei ng not

greater oo 0.0 Q025 65 A8 e R BB NS L EARA Blec Flfh £V O

nmagnetic ructare as in
cl ai ns 158?01219 OWeSFPaé&EhtlEﬂna?ml‘ ﬁhéﬁétPPtUIePhd body is coupled to a
correspondi ng slat 35 of adj acent blind body through overl appi ng of term nal

portions wth an r h sl e tenth of
square W2 ofI9 étrﬁaﬁfk?g élsg?“%&r%h %‘Léléegor t&n?(@#gﬁ%ﬁz?
magne¥ i cwbﬁlf%mde@ﬂl? géatiria aéc%@tllﬁ%rhoﬁifl iF cruplad o czrrwonﬁemgaﬁﬁa‘éach
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i nd bo abutting of slat termn es W a aci ng of no
great er f" %qﬂ’ﬁ’rﬂq&l‘ & eb[r\%g%JrPg plate 18 qRat aglcg 0ﬁllefaﬂysot 2R cgugise et forth
i n cl ai nporitign of thenhkatsi af eail:lhcgllﬂatblllm dadhed|sonds Hedpridgec thelabutted a
correspogginGeshfial Bhgexdj acent blind body through abutting of slat term nal
edge and a nmagnetic material bridging plate is overlaid on any or each

coup?%d portion of the slats of adjacent blind bodies so as to bridge the
abutted sl aB.teAmameticigbield Gt8uctAirengseteitcfattinelin Glafimstluog as set forth

in clai rrahéréa&l daia WHEE qnntﬁéuuilﬁa afod n1§ haall by daﬁﬂg%lhﬁ éT%dﬁrQNltlyaHf nhating

a pluralit thin magn |c mat er | and the b odles are
ool e i Tegs Uiy mATRRIEL P Bkt AT ERe PR B dTso ey Rigdin @ Ton
correspobdicnyppding eafh 1 agdimeach Hilinddbdityd yotdroougésmintitngsflet rat | ami nat i ng
of te taaﬂaamnﬁma b&RE Qﬁi&lghsgfféﬁa@é Iteemﬂeénﬁ&%s tRE t'iﬁhdmédn@m 9. A

magnetlc S structure as set forth_in clalns or 2, wherein each sl at
in the bPRHRFIAIITIRAS PaltrTriied eL99 Rl SHdge! %’i?rf aces 20 with protrusions

and indents in direction of the longitudinal central axis thereof, and each

stat in eachobl | Rnfdysd SnSoHPlsRludhd af YekCEANTIAGIBIAL Pl acent
bl i nd body through snug engagenent
wherein each slat in the blind body has patterned terminal edge surfaces

20 with protrusions and indents in direction of the longitudinal central
axis thereof, and each slat in each blind body is coupled to a
corresponding slat of adjacent blind body through snug engagement of the
patterned protrusions and indents at the terminal edges of said slats.

25 10. A magnetic shield structure as set forth in claim 9, wherein
depth R of the indent from tip of the protrusion is not smaller than 0.1
W (R20.1W), W being width of said slat terminal edge.

11. A magnetic shield structure having openings, the structure

30 comprising a plurality of similar magnetic blind bodies, each blind body
having an imaginary blind core plane and a plurality of magnetic material
slats being spaced from each other by a distance required for magnetic
shielding, each slat intersecting the blind core plane at a longitudinal
central axis thereof, the longitudinal central axes of the slats being

35 oriented substantially in parallel to each other on the blind core plane,
the blind bodies being stacked side by side in such manner that blind
core planes of sideways adjacent blind bodies being parallel to each
other, orientation of the slat central axes in each blind body being
selected so as to optimize attenuation of magnetic field across the

40 magnetic shield structure, and spaces between adjacent slats in each



patterned protrusions and indents at the term nal edges of said slats. 25
10. A magnetic shield structure as set forth in claim9, wherein depth R of
the indent fromtip of the protrusion is not smaller than 0.1 W(R? 0.1W,
Wbeing width of said slat term nal edg% 11. A magnetic shield structure
havi ng openi ngs, the structure 30 conprising a plurality of simlar nmagnetic
bl i nd bodies, each blind body having an imaginary blind core plane and a
plurality of magnetic material slats being spaced fromeach other by a

di stance e b%ﬁ? for o 1%%%C1n shie a%ngglc % ch sl %? tr\n&gr secting the blind
core pIane a a ftong |t central ~axrs t ereo ongi tudi nal centra
axes of the slats belng 35 oriented substantlally |n parallel to each other
on the blindigora xﬂ&gmeic é}ﬁewldt&rdcaa@ as duti parat afkexhim OB, Ryesdide in

such maNREL L1l ol 100, 6 Qg RS, oles! deuais, AU 2eailnb!iidabRglics bei ng

paral l el T0 eac er, orle(%atlon o axes I n eac
body bei 9ge %Iséé?@@dsésﬁ CEOBHERAR Péha%‘{ enuation of magnetic field across
the 40 magnetic shield structure, and spaces between adjacent slats in each

38 blind body.form enln e netic shield structu 12. magneti c
shield st ruc%iure a'gag‘f: ‘fo?’tlﬁfd r?qﬂlﬁ? ©17% § e%%?%‘ Bre or?§ %)f the slat
central akereim thietewaymorgdjlayanst oblbligdbenfiies are gtacked s@deebnreai@s to

cross eaghepdier. 13. A magnetic shield structure as set forth in clainms 11
or %0 wherein three or nore |ayers of blind bodies are stacked side by

side “therein. 10 14. A magnetic shield structure as set forth in clains 11
or 12, wherdin Anmagnetjephielerstirycpiney asesbthéonienns¢lddmaykl adj Hzent bl ind

bodi es. {BedAdin én ws@ Q2§81 8lsd pBév el Ub&wasn Sﬁfdetvgﬁ hdljAc&itabMokl, wherein
a pluralk§¥ of siml y stacked units of blind bodies are coupled in a row

by seri aP Tbupl i ng each slat of corresponding blind bodies in adjacent
stacked units through overl apping or abutting of slat term nal portions. 20

10 fsmmgnet ihg. Shi Rlghotle WHIBLE Ausird 85 Wbl Roflipl dfbinES Shirdin of east

three stacked units li_nd bodi es are coup in a closed row so as to
forma cP&%’é%lhr’FﬁgﬁfetsulElJﬁrlﬁ stagked YpGActh é’l%ﬂ‘i‘- dedies Aret (rwlRdvithg row
openi ngs byt Mmulmciwpm@eammammcarfesp@hdﬁ&j boin@modies impadizicent
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I ng on suc spac para nes crossing th Ist axis as
required for magnetic
20 16. A magnetic shield structure as set forth in claim 15, wherein at

least three stacked units of blind bodies are coupled in a closed row so
as to form a closed magnetic path.

17. A magnetic shield structure having openings, the structure

25 comprising a first set of annular magnetic material plates surrounding a
first axis passing center of a space being shielded and lying on such
spaced parallel planes crossing the fist axis as required for magnetic
shielding, respectively, periphery of each first set annular plates
defining that of cross section of the space; and a second set of annular

30 magnetic material plates surrounding a second axis passing the center of
the space and lying on such spaced parallel planes crossing the second
axis as required for magnetic shielding, respectively, periphery of each
second set annular plates being smaller than that of the first set
annular magnetic material plates, whereby the space being shielded is

35 surrounded by two sets of annular magnetic material plates and spaces
between adjacent annular magnetic material plates form openings in the

magnetic shield structure.

18. A magnetic shield structure as set forth in claim 17, wherein
40 said first axis and said second axis cross each other.



shi el ding, respectively, periphery of each first set annular plates

defining that of cross section of the space; and a second set of annular 30
magnetic naterial plates surrounding a second axis passing the center of

the space and |ying on such spaced paraffel planes crossing the second axis
as required for magnetic shielding, respectively, periphery of each second
set annul ar plates being smaller than that of the first set annular
magneti c material plates, whereby the space being shielded is 35 surrounded
by two sets of annul ar nagnetic material plates and spaces between adjacent
annul ar magnetic material plates formopenings in the nagnetic shield
structure. 189- AArmagmetie sbipHd Ftauetireuns Sexthr 4Rt 1R E1.aWReIEADR wher ei n
40 said fshmtmagﬁesmaaﬂlém gthetond fitithef (CdMPrihadtdiel gaBAayér vetwagetic

shield struy #ﬁgta}ﬁldsggic{ %E—:E:cr)]nd. segs %f a.%rg al re'eglcsn%tgrglgg 5 C shield

structurg’a% er conprisés an arr gap ween = sal ®%nd said
secon? sets of annular nmagnetic nateri al pI ates. 5 20. A magnetic shield
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perl her each nth set ann netic nmateria | at es” bei ng smal | er

t han ?haﬁyb‘?g CR- Y% Sg%ﬁedaﬁﬁ’iﬁ ﬁt'f"é’sﬁé‘ﬂ%r |np|a&ilésas Viacle fe
space bemagnedticeshliedding,s uresms:rtdedly byeniphers of eagmui“asetrogmeflar nat eri al
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i nsert edbpeat wedn chiadnuldr magheddcdndterial lplseés. of annul ar magneti c
matefial plates. 23. A magnetic shield structure as set forth in clains 17
or 20, whereln each said annul ar magnetic nmaterial plate is nade by a
plurality 252bf Adtpeeetic fhietd ﬁtrg‘l"é’c@ a2 r5¢4| F‘}rté’oﬁbl‘&?llnnzoanwﬁﬁ?ﬁﬂnar form
t hrough sav@®m™appisGndrsailduih+ NG akis eyres8adadpoothedns of adj acent slats. 24.
A magnetic shield structure as set forth in clains 1, 2, 11, 12, 15, 16, 17
or 20, wherein the magnetic material slat or plate is rrade by 30 using one
or nore mat ePfal 3 BrgngEieShiemstRacHirsups c‘i%sf%’f‘ihngncﬁlag#“’al . or 21,

20 wherein an air gap layer is inserted between said n™ and said (n-1)™ sets
of annular magnetic material plates.

23. A magnetic shield structure as set forth in claims 17 or 20,
wherein each said annular magnetic material plate is made by a plurality
25 of magnetic material slats serially coupled in an annular form through

overlapping or abutting of terminal portions of adjacent slats.

24. A magnetic shield structure as set forth in claims 1, 2, 11, 12,
15, 16, 17 or 20, wherein the magnetic material slat or plate is made by
30 using one or more materials selected from the group consisting of grain-
oriented electrical steel sheets, non-oriented electrical steel sheets,
Permalloy, soft magnetic steel sheets, amorphous alloy, and
nanocrystalline materials crystallized from liquid-quenched thin strips.

35 25. A magnetic shield structure as set forth in claim 24, wherein
the magnetic blind body includes magnetic material slats made of
different materials.

26. A magnetic material frame for magnetic shield structure having
40 inter-frame openings, said magnetic material frame consisting of a



oriented electrical steel sheets, non-oriented electrical steel sheets,
Permal | oy, soft magnetic steel sheets, anorphous alloy, and nanocrystalline
materials crystallized fromliquid-quenched thin strips. 35 25. A nagnetic
shield structure as set forth in claim4¥4, wherein the magnetic blind body
i ncl udes magnetic material slats nade of different materials. 26. A
magnetic material frame for magnetic shield structure having 40 inter-frane
openi ngs, said magnetic material frane consisting of a 40 pIuraIity of

ei ther planar ti | sl at.s or ate magnet i terial slats
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26, wherel n said frane

cl asi. three of either said
magnet | c CRETERLaPOR IR <y SHIRHEAR: BF Ao lHAEE MErAPRAnpP s aaee- CHethe ar e
coupl ed rhuttimgosed row so as to forma closed nmagnetic path. 15 28. A
magnetic material frame for magnetic shield structure as set forth in claim

26 or 27, wherein said faci ng¥term nal IiFBort i ons, of adc{Macent slats are
coupt®d t hroddh BVEAIPEHHF AGTETialnEraus FPRA129PEFLS Shieldvstructuggpadsetot
gr eat er fhath 3nncldier E@.etwsemnn 260i@ Frae naghedes atnteasitathfaeant didhennagneti c

shield STsEHc?tdiEﬁaﬁ%uaﬁﬁétl Ritdbib SRR A REnLba mt@te%w rfaactegléﬁglages

term nal portions adj acent sl ats are coupled t rou

h overl apping of the
ter m nal Bttt |a6ﬁs°°‘\¥?n1?‘i’1 §aprage r*h&e i é&t?%‘f‘ 6f° FI'E&%‘F ﬁg g gap G
bei ng not greater than 0.0025E (G-S0. 0025"E), E being the length of said

row f.’a MagnebyC g3ndinkPfh ?Q@éﬁ%lﬁ%nﬁ‘fﬂ?%%égl&% éida"stﬁgdl?% el QL JLgOnetic

shield structure as set erein faci ng
term nal BB ABnlaiM 26 Araginiwherains said fasiny JETRERTUEATHIARS| @ping with an
over | appaagacwneasaat?soafeh@bupsemmhrml beérlabpingpe tentbrminalgpértdod® of

width Wot,sal gﬁs %les{éj&f@ tﬂgﬁtﬂnﬂtnt?hél%bé}:&e W2). 31. A magnetic material

frame for nagn ructure as se in claim?26 or 27, wherein
said facing term naI portlons of 35 adjacent slats are coupled through
abutte ng of gbat atmdgiebid mad@etalWVEtdined for magnetic shield structure as set

forth in claim 26 or 27, wherein said facing terminal portions of
adjacent slats are coupled through overlapping of the terminal portions
with a gap G in the direction of overlapping, the gap G being not greater
than 0.0025E (G=0.0025xE), E being the length of said row of magnetic

25 blind bodies.

30. A magnetic material frame for magnetic shield structure as set
forth in claim 26 or 27, wherein said facing terminal portions of
adjacent slats are coupled through overlapping with an overlapping area «

30 that is not smaller than one tenth of square W of width W of said slat
terminal portions (' =0.1W?).

31. A magnetic material frame for magnetic shield structure as set
forth in claim 26 or 27, wherein said facing terminal portions of
35 adjacent slats are coupled through abutting of slat terminal edges with a

spacing of not greater than 3mm therebetween.

32. A magnetic material frame for magnetic shield structure as set
forth in claim 26 or 27, wherein said facing terminal portions of
40 adjacent slats are coupled through abutting of slat terminal edges, and a



spaci ng of not greater than 3mmtherebetween. 32. A magnetic material frame
for magnetic shield structure as set forth in claim26 or 27, wherein said
facing term nal portions of 40 adjacent slats are coupled through abutting
of slat term nal edges, and a 41 nagnetf% material bridging plate is
overlaid on each coupled portion so as to bridge the abutted slat term nal
edges. 33. A magnetic shield structure having openings, said structure 5
bei ng produced by overlaying a plurality of simlar magnetic material frane

as set f i ' ' n L gi j itself
o reqiepiepid fReiThl bidhohle pBad 00l G BaED Bl B A ol
forth ina8l e Mridge therdutted ¢leki terdgRbi999Sfmt eri al frames overl ayi ng each

other at a required inter- frane distance forma cable duct. 35. A nagnetic

shi el d struckyr eAaxﬁaagsr%Ttié Qi B4 e ShAldPe3R vi‘%{%eagédlggg?“ &iegagkGrdrat eri al

frames overlaying edch other at a reqwre% inter 157franme distance form a
passi ve XRAEDPragEGefePy fivergavingpacel et #f Snilar magnahiedakeniidt i c

Imat erial rehad a}‘sogetlrr;fgﬁat }i@l ﬁ_t&ﬂi d6 Sérf 20t ik &he ﬁ(lliﬁndlﬁdlﬁfecbe&m@fﬁﬂﬁe nyme ]
am natin raljty. thin etJ. terial sheets one over the other
and havi ﬁgsgjtpfgagtreéﬁ%&sdué {:?)ra'g?%ﬁenéi&g{:%}%rﬁ'nal 20 edge surface with
protrusions and indents in longitudinal direction thereof, so that a

plurality of shheashaneteansnield @tphiecideNad JRWEEYeh SAIéRilny3TOouRbHNG t he

adj acent slats through, snu ngagenent. _of the . patterned term nal. edges
therdpr . 3af pondt it Reratied FRARE e natung dfon fnof Y husfbtired ket s
st ruct ur &dramg ddstarfaer €om @ edkilienddest. wherein depth R of the indent on the
term nal edge thereof as taken fromtip of the protrusion is not snaller

han 0.1W (R?2 0.1 i idth of th I rm nal )
than 0 ( 35. OA r}gdne\t/:\ig esh?.glcgvI scti:truct(:)uret ag sseta%ozgt% I;I.I]n o] airend%e, wherein
said magnetic material frames overlaying each other at a required inter-

15 frame distance form a passive and/or active shielded space therein.

36. A laminated magnetic material slat for magnetic shield structure,
said slat being made by laminating a plurality of thin magnetic material
sheets one over the other and having at least one such patterned terminal

20 edge surface with protrusions and indents in longitudinal direction
thereof, so that a plurality of the slats can be coupled in a row by
serially coupling the adjacent slats through snug engagement of the
patterned terminal edges thereof.

25 37. A laminated magnetic material slat for magnetic shield structure
as set forth in claim 36, wherein depth R of the indent on the terminal
edge thereof as taken from tip of the protrusion is not smaller than 0.1W
(R20.1W), W being width of the slat terminal edge.



