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THEREFOR TECHNI CAL FIELD 5 This invention relates to a nagnetic shield
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structure which shields magnetic field while allow ng passage of air and

|'i ght therethrough. BACKGROUND OF THE | NVENTI ON 10 Urban el ectric stations
handling | arge DC currents, such as najor substations of railway system
are required to have active nagnetic shield for preventing enanation of

excessively strong n%ngg% 1t %; &bné c@ﬂﬁ/ﬁ' ?{g{ggﬁgpgﬁﬁqéso | arge DC currents

flow ng therein. ouses € to electric

rai lway tracks or feeddd®® 3 NAGSNGTH MASERIAy ERAME THERRFOB are required to have
passive magnetic shield for preventing outdoor magnetic noise fromentering
i ndoors, so as to maintain the |T El fqﬁ.f i houses cl ean. The out door or
environnmental magnetic noise is & cftEnt s of the rail way tracks or

f eedérs. | Thiscgwrnhti@ars]lates tous magodlive shislidngtsictong mognetopenfingd.d are’
install %ﬁaaﬁbfenga)&&%uﬁﬂ& Losd %Qﬁﬁeﬂ\ﬂgl sﬁi\@ﬂnﬂf&taﬁé %aeﬁesﬂlawé ng)

equi pnent in dical facilities wthin office buil s. In case of indoor
machi ne§2IGHT E%‘?J@nﬁh%ﬁ%{"?‘f}nﬁl RApagpdth aéEtWeléWH: hegthzoudt-el ds are

simul t aneously required. The reason for it is in that outdoor persons and
equi pnent nust be protect edBR&%EO%ﬂH%? &g@lm&}eﬁﬁ@s of the strong indoor 25
magnetic field, such as th me tinme, the indoor
machPnes t hOFe} PAectnist sREiopsendaing lorve PF PERREEAE al SURRgRRIRdORoi se  so
?s to ersaummttlbﬁs rofprﬁmll’aypﬁfsft@fnﬁﬁe&@erecyﬂirhdatd mveadct@e@wﬁgheanal met hod
or acti t | e ont netig nerating
sour ce. ELERl EHF it Sesriari PRyt SRR S Srire S TS e
with a ﬁmghrqwen’eamel te ylarge @%c@rws@lomagnﬂmrelmt@nt@ﬁ W:Ttehr harm,gh
per neabinbi;fes goeéterdeéfdsree@o é1@ce§1§ ARl vay WREAE! be FRiRES aduphl1$hAs O
con%ne t he “lr'il'ﬁg etl flux § For |nstance Paienh %‘L?g rature No. 1,
cSHEETHS PV\%’S‘F r@ﬁ'b’é:te t FH RV S RASTETDEATBGEC Shi °F eedi ng cabl es
and ret @rﬁvmnesqutaﬁoﬂlmgh@sesnalsmgngn|e¢1tsm1m dndgpnset ocisbyoi nstal | i ng

certai npRahiSn0tnd NBsidL SR Ak HBRSES caBh I eFlY Buf@resr Sirierihedkde. SO as
to cancel the magnetic fluxes due to currents in said certalin parts of the

f eedi ng m&ﬂ%etllce{‘%ﬁsﬁ' cR5Tues TRy TR TR O6t s TaldiaYe tE3EF0ST dgedereqult ed
porti onretedthgearssneaniong paciisesfudihg salohgsndypedicfdelande Dhstmgadti c
mat gfi aly

1n§$5¥sesfor instance MRI (Magnetic Resonance Imaging) equipment in
medical facilities 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
s (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 50 ag to suppress the magnetic flux density outside the duct due to the



40 so as to suppress the magnetic flux density outside the duct due to the 2
currents in said portion of the cables. In case of nedical facilities using
an MRl apparatus, undesirable effects of the NRI apparatus on the
surroundi ng environnent, such as nearbyz persons carrying heart pul se pace
makers and nearby nedical instrunents, nust be prevented. To this end, 5
magnetic shielding is provided to a room housing MRl apparatus (MRl room,
for instance by applying magnetic nmaterial plates to a portion or entire
span of the sidewalls, ceiling and floor so as to maintain the magnetic
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degree of protection can be provided by applying magnetic material plates
20 only to selected floor areas, such as OA room floor. Patent Literatures
No.2 and No.3 disclose techniques for improving the effectiveness of
magnetic shield by using multiple layers of magnetic material plates or
by £illing joints of magnetic material plates with fillers made of
specific magnetic material. Patent Literature No.4 discloses a method of
25 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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Lai d- open Japanese Patent Publication No.1996-288688 [Patent Literature
No. 61 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 Most
conventional magnetic shielding nethods3 either active or 5 passive, are
based on a structure in which peripheral walls of the 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
t hrough the shiel ded peripheral walls. Despite the use of such tightly
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protection required on the walgigcioduraUuod  i@eMlon OA or other simlar

apparatuses, as anticipated fromihe erTorrrance f the nmagnetic materi al
pl ate per se. For ,EE@E%}-&OBL. % SYEP BY, THE JINVENTION netic materi al

pl ates, as mmtosewebylﬁaﬂemagmtuermmém@ nmgthods, éaﬂrelrca@’edreoqrt he

pring pI ﬁas%flv ti gt hysdel Qﬁeéj sfti‘lﬁ)c@cuxéhir?'vﬂh&g ﬁMrEBﬁéHalléaﬁ%yoPp&i&' BgscL£xCept
t he cable passages t he inside of duct Hgy becone %%%é i n sunmer
and may E%Pd’é’e@’r@ﬁ?ﬁtqr&ncﬂﬁr@ﬁ%?é&a%ﬁt%m? i@gopiasesy Fﬁl tthﬁr%%f’se of
MRl r oonan the Ghometdmngs "chil bt Iay ttighetly toloedd siyipel' dshigldiny)t, hand @iiki avgl or

si dewal | on SHE B e Pat ent
Li teratur{%l}%m% %%g\éﬁ%d gne %@igﬁdhﬁ %hergf%ﬁi\b/enigl éLt ?év]ré type for
use in c‘l’%éhlcho%t loged dvpptEHglding. ihihas peer KAREHBWtet? SChiLGE t he

pr ogmsegtmgmgm l]@v&blpﬁ:lo;de@ﬂ;]hdnl iééquﬁh:@d Vdi£ \Whe Qialube?]&%ggndlh@gmtn oal ot e (r]I atu ; e
i s base n._conventi ona | e t he r a an I and 10),
the ef felt |e\¥eﬁjeﬂélgl ofa%q?ra§r5()es(bs%sd 5 rPat(tBS ta‘%’m ]%E'ie Omanc e&;&?el y
assuned maﬂrbél@)fma@@nwnpl@mpere%l FOZ-’SJ-%@I@@S if ﬁbesqfkb&@tm BernRgt afit

Li ter at Uupfmieid nraeaﬂiarlem@té:son‘as rt&bb@ébd @ ﬁadeherﬁtre&a’eu@moshl g@kd packi ng
bet ween d#{ace etl c. shi I natl tends to

reker e PSRN SRR beiadinte b Frtundy, pishn " sERIRAG ol
i nvelit or swhapendwsebuprpt thengable pashages, othe 30shdeyodt tlee sinceumynge@m

di scl osegyiyt nbp ﬁag&mﬁerthﬁ@ rna&Ué&suol&uﬂa@l&h%eteﬂ&latmt I&ﬁdtﬁé) caBBaNEt i
shi el di n%aﬁr@ﬁal urality of maghetic material  slats are al |g I N, a _manner

simlar t of %atS&c'R’? AGLoFod gRd OA,rgom.p"ELgntdy FiRnee ! dS%"‘?‘Jélth% of
the prodoctrhef céilang rars sidelilonsyt hainpsr c@ﬁf@nmbnah@ema@ﬂaﬂ gimmterial slat

and the E@ﬂtﬂ?{ﬁn@eg L %Xt‘{] h@é %ﬁré % 8! AlopblE B habifbtiBEshiela
Cross-sectli ona e gap
20 unit of ventllatlve type for use in clean rooms but this literature

fails to show how effective the proposed magnetic shield unit is. In view
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'n;)/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",



adj acent slats is selected to be larger than unity {(Snp")/Sa>1), whereby

an attenuation of magnetic flux density is produced between the opposite
surfaces of the aligned blind-like or louver-like slats. Wth these
blind-1ike or |ouver-like alignnent of qagnetlc material slats (to be 40
referred to as "magnetic blind body" or "magnetic blind" or "blind", 4
hereafter; may also be called to as "magnetic |ouver body"), one can obtain
a nagnetic shield structure which has openings for passage of air and |ight
and yet al so has substantially the sane nmagnetic shield as that of the
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magnetic shield while allowing passage of air and light.

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 sheef 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 blind 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 280ﬁmx280mmx280mm), 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



gap d=30mm between adj acent slats in the sane direction, so as to forma 35
blind 2a. Two nore blinds 2b and 2c were forned in the sanme 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

| engt hways coupl ed blinds row 16 of sideways U shape (mﬁth an inside volune
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shows exa‘ggl es of the results of the experinments in terns_of 30 val ues of

shiel d cE¥ERE ¥R 2BPirdstoReurld SntP G ALER%IER. 39 FhPYfe DY the arrow I

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 caldulated 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.lA.

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.l(D) made of



experinments, the current in the loop coil L was 0.1A Mgnetic flux density
B" without shielding S = (1) 35 Magnetic flux density B after shielded One
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Next, the inventors noted improved magnetic shield performance is
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 cother 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



25 (shown as 2b) of the | engthways 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.
pl ane 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 Iengt hvvays coupl ed blinds row 16 either
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8 Horizontal Vertical 27 |In Table 2, the colum "inner |ayer" refers to

that blind 2 which is located closer to the sensor 9 than "outer |ayer". The

word "vertical" in Table 2 neans th®8blehé orientation of |ongitudinal
while h%ﬁ( %;IF Wkt hot—tho et RO 0 O P neid o] Casticonth B &' C
of the s BB hel bl i nderi¥emor i Jont al Ouselaveri o. 80B)). One can seb from
Table 2 | ¢ - Horizontal 11

2 - Vertical 11

3 f 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.).
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20 R ST S, A5G s sRInLs BERRCE & UBAA AR08 GREr
body 2 fexig C (see Fig.1l{A)) thereof, and the longltudlnal centrallaxes C of the
slats 1 are oriented substantially in parallel to each other 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



openings in the magnetic shield structure. Preferably, as shown in 30
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substantlally the sanme plane as that of the slat 1I'tself and in a_row 16
by &Pi gr‘ﬂaﬁﬁe‘flﬁ’em%’feﬁlél 1SJtar‘Fsa1 r%Nla‘Wﬂait@d ’TW?E%@H?%%@H%FnE‘FO%Fm nal
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through t%%éh%‘%?i Qe% ?‘E.g.eﬂggéﬁﬁeﬁdggnstantially on the same plane as that of

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 therecf. 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 6verlapped 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



abutting. Preferably, each nmagnetic material frame 6 is fornmed by serially
coupling three or nore separately prepared slats 1 into a closed row, so as
to provide a closed magnetic path. Mre preferably, the slat 1 is nade of
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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 enclesed 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 QUT THE INVENTION
Fig.1l(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 d 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 d of the blind 2 can be selected
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16 may bé&T ting 9 F %Im&nﬁégf-??éﬁ“&n% kherertst ﬁFé"OrBylengthwaYs coupled

20 blinds rows 16 may be used to build a magnetic shield structure, by

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-siat
distance 4 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 di, 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 Zb 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 find a most suitable method for coupling terminal portiong of

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

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



di sposing the blinds row(s) 16 so as to face a nmagnetic field to be
shielded. Wth the nmagnetic shield structure thus built, the inter-slat
distance d in each blind 2a, 2b allow free passage of air and |ight

t her et hrough, and yet the serial coupli¥g of slats 1 in a row by 25

overl apping or abutting of the term nal portions of the slats 1 being
coupl ed provides magnetic continuity between the blinds 2a, 2b thus

coupl ed. \er eby, Ieakage of magnetic flux at the coupling between adjacent
blinds 23, 2b in such hlinds row 16 can be sup resse ow. Thus, wth the
magnet i c?ghr 8 - r%rd‘lS&P% HREHE BRD RN Y E”éY fsé’gf“%‘ \iPegh BF shgyfin
magnetic fieFugad(hdw ng passage of air and | i ght can be expanded, for
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edges thereof and over a magnetic bridging plate 8a
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respecti ‘izSEir)d 1arr1chg Bea phaye-nsasttronedus Mfeltdeaﬁﬁff‘fwleemtssaaaf re@aRd speci nen

was mnmeas I acr each,.s n the central. i n t he | oop
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Fig.5(B), to 97%in the specinmen o
9- 6 )corresponalng glats R of mutua{ly cgoséang blln s 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



to 83%in the specinen of Fig.5(D). To look into a nost suitable nethod for
coupling termnal portions of 20 corresponding slats 1 of nutually crossing
blinds 2, the inventors carried out experinments. For such experinents,

speci mens of (e) a row of blinds 2 in wh#ch corresponding slats 1 of

adj acent 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
whi ch corresponding slats 1 of adjacent blinds are coupled through planar
contact by overl apping the crossin portions thereof while insertin
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shield pghfpsnance is not required, satisfactory magnetic shield

per f ormance of 'cougl ed portion may be obtained by
20 Figs.2(A) through 2(D) show examples of magnetic material frame 6

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.1(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 d. Fig.4(Aa)
shows an example of the annular magnetic material frame 6 prepared by

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



15 abutting term nal edges, or edge-sidewall abutting, of the corresponding
slats 1 of adjacent blinds 2 as shown in Fig.2(A). In this case,
deterioration of shield performance will be suppressed by overlaying a
magnetic material bridging plate 8a acness the abutted term nal edges of
slats 1. 20 Figs.2(A) through 2(D) show exanples of magnetic material frane
6 prepared by overl apping or abutting of |ongitudinal end portions of

regul ar or shortened slats 1 substantially on the same plane as that of the
slat itself, which frame 6 nay be used to forma | engt hways coupl ed blinds
row 16. Hemminglt porticangtdfvayslatodpbedhel eprbsiktewvents tefmibagspdrtByn 26 0énd 1( C)
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the sl atpath. pehcS e fﬁ@(ﬁmgmiﬂtﬁ £id16éd nabn€rid Baheld)Cipairs) edrmeachs frane
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s| at20 overlapping the frames 6 1n normal direction thereof at a suitable inter-
frame distance d, so as to facilitate low-cost production.
To check the shield performance of the lengthways cbupled blinds 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) wasg 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(aA) 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 5-200uT 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



1 is not restricted to rectangle, but can be of any formsuitable for use
in conbination with others. For instance, referring to Fig.23(A), one or
nore U-shaped.slats |u can be used in conjunction with I-shaped slats |i, 15
so as to forma closed nmagnetic path(s}? The slat 1 can be of C shape or
L- shape or any other shape suitable for independent use or for use in
conbination with other slats 1 to forma frane 6 wwth a closed magnetic
path. Once a frane(s) 6 with a closed magnetic path(s) is(are) forned, a
magnetic shield struct hayvi S .can produced sinply by 20
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fleld M of 5-2 E pr oduce at the central portion oop coil L,
andl?he Sﬁ‘é@ﬁ%ﬂ Ifaltu%h‘%ié\%PJcV Pdapan Megrets; Bath dhia Lormad Lﬁeé‘ﬂsb‘SP pl aci ng a
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uni di r ecedaced mggpqﬁggnigqxcleakggg MIt is also noted that the amount of

magnetic material to achieve a required degree of shield performance can
be reduced by using the lengthways coupled blinds row 16 having the
annular planar 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 B 10uT 50uT 100nT
Shield coefficient S of lengthways coupled blind row having a 47 74 8.3
planar closed magnetic path (Fig.3A)
Shield coeﬁicrent S of tightly closed type magnetic shield unit 23 25 26
(Fig.3B) ' ' '

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



of 5-200pT is concerned, the | engthways coupled blinds row 16 having the 10
pl anar cl osed magnetic path was 2-3 tinmes nore effective than the solid
shield unit 22. Detailed theory for such high shield performance of blinds
row 16 is not known yet, however, it seens that the planar closed magnetic
path fornmed by | engthways coupling of ﬂégnetic material slats 1 of blinds 2
forms such annul ar shape which surrounds a space to be 15 shielded, that the
annul ar planar magnetic path thus fornmed tends to accumul ate the magnetic
flux of the space into said annular planar nmagnetic path per se, and that
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t hat be used in adjacent slats 2a and 2b. Preferably, best slat orientations
20 in individual blinds 2a, 2b and the like can be determined beforehand by -
experiments or computer calculation so as to coptimize 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.of 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 Coupled 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



the orientation of the Iongltudlnal central axes C of the slats 1 (slat
orientation) in the blind 2a is perpendicular to that of the blind 2b. In 10
the invention, the slat orientations in the two individual blinds 2a and 2b
to be sideways stacked are not restricted to be perpendicular to each

other, and the slat orientations in two or nore individual blinds 2 can be,
for instance, parallel to each other or cross wth each other at a suitable
angle. In the exanples of Itens 5-8 of Table 2, the shield 15 performance of
si deways stacked blinds unit 3 was inproved by selecting a conbination of
per pendi eVeBaprping thei termdnabportims Rethemeobl i FdsthRa. alfi . Lo bshows t he
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blinds units 3, but the inter-slat distance d for those slats which are
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



5 blind 2Bb having horizontal slat orientation. The slats of the blind 2Ab
are on the same planes as those of the corresponding slats of the blind

2Bb, respectively, and the two blinds 2Ab and 2Bb in the two stacked wunits
3A and 3B have nutually crossing blindlore planes FAb and FBb, and hence,
the slat orientations of the two blinds 2Ab and 2Bb cross with 10 each ot her
on a common horizontal plane. The two sideways stacked blinds wunits 3A and
3B of Fig.10 are coupled in a crossing manner by serial nagnetic coupling

of the harizontal riente i nds 2 nd 2Bb thereof in
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bl i nds unli can controlled by nodi fying the nunber of |ayers of blinds
2 i i sudtristziked unlt 3, in addition to the above control by nodification

of the slat 35 orientation in the individual blinds 2a, 2b. The inventors
conducted experinents by making spaﬁﬂﬁgng of sideways stacked blinds unit 3

each hayrgraghreti-erbHrds—2—(forred—of—PCPerraltoy “'ats —-r—three
| ayers, |[iterm.|, Nambdroh ?r_ | ayer, a PA@rgigger . and an ¢u elc}@%?ffcleg{?d!yi ng
40 coof | Forert oot he o eFer | CMAMENS ] HRTHER Lriels
portion bf’hile I oop coi IHQ”ZB‘Fta’Fl ). 15(@759@1 Th r@grt’ﬂof'{é’ off_the_exHerinent

12 Vertical (air gap) Vertical 37

13 2 Horizontal (air gap) Vertical 42

14 Vertical (air gap) Horizontal 43

15 Horizontal Horizontal Horizontal 45

16 ' Vertical Vertical Vertical 46

17 3 Horizontal Vertical Horizontal 58

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.



are shown in Itens 15-18 of Table 4. By conparing Itens 15-18 of Table 4
with Itenms 5-8 of Table 2, one can understand that the shield performance
of the sideways stacked blinds unit 3 can be inproved by increasing the 5
nunber of layers of blind 2 therein, ant that the shield performance

I ncreases when the slat orientations in different blind |layers cross each
other at right angles or at a certain angle. As conpared wth the case of
shielding units with single blind 2 Iayer (see Itens 1-4 of Table 2), the
shieldin ni.t wwth three ta ke rs of blinds havin rrutuall
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of Dbli ndwhféﬁe':ange Zdve}?apped, 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 cbtained by using the abutted slat
terminal edges, six specimens of lengthways coupled blinds rows 16 as
showvn 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



Such i nprovenment of the shield performance by the air gap |ayer 4 enables
betternment of the shield structure wi thout increasing the anmount of the
magnetic materials used, such as the nunmber of slats 1, in the structure.

In other words, to obtain the same | evel0 of shield perfornmance, the 5 anount
of magnetic material may be reduced to facilitate cost cut down. Therefore,
the purpose the invention, i.e., provision of a magnetic shield structure
havi ng openi ngs and a nagnetic material frames for building such structure,
whi ch shield structure renders high-grade magnetl c shield while allow ng
passage Brongaticasfnspr ghidispased,ipsidectine epglesdBODNMINFPICTIRE Shg el d
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| engt hwayst GRupt&d thhh NEiEm.rows 16 as shown in Fig.l(B) were nade by
seriall y[ oupl.i n%hcz?rrespondi ng slats 1 of 30 three blinds 2 through

t erm nal ’ﬁ%ep ing, each blind 2 having eight slats 1 (grain-oriented
el ect¥i cal sTedatheghedte mpldtignsleingbhtwhenethe wap @lingtke omerhapdee rol | i ng
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andalenth 30 th eelgql lats 1 bei ng overl ai d one over anot her with
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shield cg {{Jfé(‘i' rléresmé’ée g@cgerﬁﬁ%g'd&ﬁl EQ&&%@H&%‘Q@%@ @&H%fdfotak' nds row
16 thus I ng each specrnen A ral portion
of tHe | bb*pd§02|th;o§gh overlapplng of terminal portions, each of which blinds 2
was the 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.1l5(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 ¢ 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) 010110205 1 2 3 4 5
Shield Coefficient S 85| 85| 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.1l8, however, indicate that the shield
performance deteriorates with the increase of the overlapping gap G, and



Fig.15(A), producing a unidirectional DC magnetic field Min the central 40
portion of the coil L, and neasuring the magnetic flux density B by a 20
magnetic sensor 9 disposed inside the enclosed inner space of the

| engt hways coupl ed blinds row 16 of each specinen while driving the coil L
by a current in the direction of the aftow |, so as to calculate the shield
coefficient S based on the neasured value of the magnetic flux 5 density B.
The experinental results are shown in Fig.17. In the graph of Fig.17, the
absci ssa shovvs the abutting space and the ordinate shows the shield
coeffici sured. The exp gental resul St acht at th% hi el d
per f or na STRIGE Fﬁ% c B?éoﬁ?tetshg HP Sp&tEe ﬁuf ‘it was
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greater [EHxparOseme $Exper| ment 2] 15 To check the rel atlonshl p between the
gap Ginth ,
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shiel d uligks24hd the. overlapping gaps G (=G/E), and the ordinate shows the

20 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 Dblinds row 16 is made by overlapping terminal portions of sliats 1, the
ratio of the overlapping gap G to the length E of each row of slats
should preferably 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




can be obtained. Table 5 and Fig.18, however, indicate that the shield
performance deteriorates with the increase of the overlapping gap G and 21
the shield performance rapidly deteriorates when the gap G exceeds 3mm it
Therefore, with the overl apped term nal 2portions of slats 1 for the

| engt hways coupl ed blinds row 16, the overl apping gap G should preferably

be kept 3mmor less. 5 [Experinment 3] A plurality of |engthways coupled
blinds rows 16 as shown in Fig.3(A were nade by using blinds 2, each being
prepared by overlaying eight slats 1 (grain-oriented electrical steel
sheet), é&&eh witht the fapothyags qawpértdddnds Foi 16 baving cissed maaeetdd engt h
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The expenveepping esuinisala pert:sjmsv\nf iglaEsgl,19tal® @geﬂuﬂdble her kespllthe of
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or di nat e 18K8%% (EHe 20 shiel d coefficient S neasured. The circle 0 indicates

the result of Exper| ment 2, and a cross x I ndicates the result of this

Experinent. The Experinental result .qu fi gure teaches that when the
F\I"Iﬁ

rati o of he overlapping gap. Gto the h E of each . row of slats.is

0. 0025 or| |l ess, Oveglapdreatﬁaﬂdwd perforamrcemvas aéni ev@a@ H@tﬁ:e, QBen 1.0

| engt hwayp cou STOW I e[ DY, JOVET [ er gEnal r{ions
of gl atsy\mgﬁweﬁzm' wﬂ 7 gﬂl_enm %bn &8 r ow
of slats should preferably be kept 0 0025 or less (G O. 0025xE).

[ EXpepi ment 4] To check the relationship between the overl apped area a' of
overl apped 30 terminal portions 5 of slats 1 and shield perfornmance
obt ai ned by using the overl apped - Fmens of | engt hways coupl ed

bl i nds rows ]Iﬁea@lesﬂmarfbrmaﬁicg.&(kﬁewglemdamyldmnmofunehefsm bl i nds as
those of ;CuREIhERE b8 WHHzb1Hd B v S che CAUIBLL G BYefiepbappi ng Of

termnal portions o slats t rougc vari ous areas coupl i ng,
and t he surfaces of corresponding slats 1 To be used in a lengthways coupled

15 blinds row 16 or a sideways stacked blinds unit 3. For instance,
referring to Fig.2(C), in case of an edge-to-sidewall coupling of slats 1
reinforced by.a magnetic material bridging plate 8a covering cne 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, 1d 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, lc, 1d so as to form a magnetic closed path. Fig.6(A) is a



35 shield coefficient S of each speci nren was neasured. The experi nent al

results are shown in Table 6 and Fig.20. In the graph of Fig.20, the

absci ssa shows rati o between the square of slat termnal portion width

(M2), the width Wbeing 25mm and the Zverl apped area C6' of the term nal

portions 5 (=Cx/W2, to be called as "overlap area ratio", hereinafter), 40

and the ordinate shows the shield coefficient S neasured. Table 6 shows 22

that with the | engthways coupl ed blinds rows 16 having cl osed magnetic
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[ Experi jr’tr%eﬁ?n %éﬁgtllo ﬁ% ]%%%%emc Eg% Sg’i?% %ﬁ_eﬂ{ig% %rt?n%gcé}ao@ﬁggq 3,}5' ncr ease of

t he substantially the same as that in the above three specimens l6a, 16b and

l6c using the annular frames of Figs. 6(A) through 6(C).

20 The shield coefficient S of each specimen l6a, 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 I, 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, 7 s50uT 100uT
a. Shield coefficient S, with Shield of Fig.6A 66 9.1 104
b. Shield coefficient S, with Shield of Fig.6B 7.9 109 11.7
, Shield coefficient S, with Shield of Fig.6C 4.2 57 6.7
ref. |  Shield coefficient S of Tightly closed type shield unit 27 3.1 32

In Fig.21l, the abscissa shows preshield (or before being shielded)
magnetic flux density pH,{=B,) and the ordinate shows the shield
coefficient S of the specimens léa, 1l6b, lé6c 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



nunber of overl apped surfaces, with four slats 1 (la, Ib, Ic, Id and so 30
on) each having three thin magnetic material sheets 18 (grain-oriented

el ectrical steel sheet with a thickness 0.35mm a width 25nm and a |ength
300mm) . | ami nated therein, three kinds &% annul ar nagnetic material plates
(annul ar franmes) 6a, 6b, 6c were prepared by coupling four such slats |a,
b, Ic, Id so as to forma nagnetic closed path. Fig.6(A) is a 23 side view
of the annul ar frame 6a, which has only one overl apped surface at each

term nal | on of thﬁ sl.at _1 (nunmber of over| agped surface:If). Fi g. 6(B)
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of Fi C. Shield coefficient S; with Shield of Fig.6C 4.2
5 7 7 an annular frame 6 of Fig.4.

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



ref. Shield coefficient S of Tightly closed type shield unit 2.7 3.1 3.2 In
Fig. 21, the abscissa shows preshield (or before being shielded) nmagnetic
flux density poHo(=Bo) and the ordinate shows the shield coefficient S of
the speci nens 16a, 16b, 16c¢ and the sold4d shield unit 22 30 after being

pl aced by the | oop-coil L. Based on the conparison of Tables 7 and 3, it
was confirnmed that the use of |am nated magnetic plate as 24 slat 1

i nproves the shield perfornmance, and that the shield performance can be
further inpraoved by.increasing the nunber overl apping surfaces at the

t er ni nal SPHHEAGHRE BpoRtdes  [Experiment 61 5 Fig.7 illustrates an

enbodi nent of a | am nated nagnetic material slat 1 which has indents and

protrusions on at |east one term nmigs 7(A) and 7(B) show a sl at

1 made by lam nating six thin magn al sheets 18 in the thickness
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fr orrﬁ hew@@t@pifé@-lp@ﬂw dire bwildind afhe mAgedic cﬂhnebs&tstﬂh’el%h@wml ing of two

slats 1 byerSR4S QPHEBSETRALIAQY wiBE\RIEnEHAE £381d 3¢Cany (BRBEAQbnas shown in
Fig.7(G can &r%guce a Iaregﬁmgunber f overl aggl&( contact surfaces between

adj acent sl af afP"FofR M ePy MRORPTHS ETTNEE i ¥ hfix | eakage
t her eat , imeentéoparsdug Wihehbasie sniplog Biged(ap: inypkidoapbagig ofitFi7g. 2(B). | f

the nunb@&nﬂ tE qu a %Ey Gt &ﬁﬂl.ﬁlarsrkﬁ:g%teﬁlé%alériﬁ P%Qﬁatsa@t l%ltn%boﬁ el | er

the nunbers of sheets to be mani ated Tas a rou e nore

over?‘hpp@ﬁ“@t}ﬂ-ﬁéé’ésS‘é"?%aBF%ﬂﬂ&(YeHara&ﬁﬂltmémes P Separated by a certain PltCh

d, which planes P cross an axis A with a certain angle, respectively, the
axis 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.B(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.l2 will be
explained by referring to Fig.l13. 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



smal l er the magnetic flux | eakage becones. The nunber and shape of the
protrusions and indents are not restricted to those illustrated. The

i nventors have found out through experinments that preferable depth R of 35
the indent (the length of the protrusiof fromthe edge portion of thin

sheet 18) fromtip of the protrusion is not smaller than one tenth of the
slat termnal portion wwdth W(R? O1W. If the indent depth R becone |ess
than one tenth of the slat termnal portion width W the gap formed at the
coupling portion cannot_ be neglected fromthe standpoint of 40 magnetic fl ux
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A plurality o asic units rent axia I Tections such as three
di red?®i OﬁlggMiCAgl}ieAg, si;wtgge ﬁp@ﬁ)&gedthe shield performance of the space

Q in various directions can be controlled by selecting the orientations

of the first axis and second axis A, and A,, the crossing angles of the
planes P, and P, with the axes A; and 3;, 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



30 to forman enclosing surface of the space Q such as six walls including
four sidewalls and top wall and bottomwall. A nethod for building the
magneti c shield structure of Fig.12 will be explained by referring to
Fig.13. To begin with, a plurality of #lanes P crossing a first axis Al at
right angles with a certain pitch dl, the axis 35 Al passing the center 0 of
a space Qto be magnetically shielded, are considered. A set 71 of first
annul ar magnetic material plates 61 are pl aced on t he pl anes P1,
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whi | e ShQQirggnbét’é‘zr d@gméﬂ‘:leﬁrgdénaa.léf & Hdh SPRRRdos q{het k'&‘? 1“)@“?1&&9\%’&' |s. Wth*Ber eby,

a magnetlc ield structure havi ng openln S is ver
first agPeh ArTapIPTERE: SEEOFRARXRstnbelshigl e%éYOél&tieT&PVPon DEYBES A1 el vvl t h
each ot hefyldrhragmgietnatesiepdatead BUChatiedyW fdomhaistt wet | RY6eF adniidmds 2

al ong tgia@eeg I | NG o &l QQr atrag %’ﬁﬁlﬁﬁ%\é%% . If the crossing angle of the

pl anes d pl Anes and A2 are changed fromthe right
angle t o anlardsiser af y fanginstapere rpaws ifeat S BROTGIACHNGasTeNaddy be

cont r ol kgthdingd lorgdiaieDike himhM®ody WWhGACEfuigBS Qlnd et Fenel rﬁgﬁ% Fig. 12,

th hi el d f f. th t
cont 1ol FBUFRY SBICETRY I HErAar BRiSReFofs OF GRIPRET A1LPED W ARGFSBEMA axi s
Al and AgZpe tiag ke gzovidpdangl es of the planes P1 and P2 with the axes Al and

A2, respect Hg'b@ sﬁévﬁsf %aéiﬁb\bduﬁ'é‘ntSB?V@ échg'chﬁéloééédtﬁirrh Lhge@Cant space in

the second 25 set of second annul ar etic material _plates 62, a third
axi 40 A3S B‘éf'sfélFﬁghac"Hggc@‘?Pé?g% ot Fi%rd 35 p&@% %’\ﬁ]ﬁll%trﬁl%‘é‘éel H@VH& RPEHESF r st
and according to the invention is featured in that high-grade shield

performance is ensured while allowing passage of air and light as well as
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 te facilitate conventional
design of air-conditioning and other environmental control means. Further,
suitable heat insulaticns 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.l13, 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(A), disposing a magnetic sensor 9 inside the model magnetic shield

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



second axes Al and A2 at right angles and a plurality of planes P3 crossing
the axis A3 at right angles are placed. A third set 73 of third annul ar
magnetic material plates 63 with outside dianeters smaller than the inside
30 dianeters of the second annular nmagre®tic material plates 62 are placed on
t he planes P3, respectively. Wth such arrangenment, on six peripheral
surfaces of the space Qto be shielded, i.e., four sidewalls, ceiling and
floor are provided with two-layered blinds 2 with crossing sl at

orientation, and the shield perfornmance as listed in Itens 7-8 of Table 2 35
can be pPaFFiedéd Tyxafiensihe by feedidw paiG PebGlcusgerndasthg cehk Ispace Q to
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t el escopj | S e to consider a structure of nth order.
51n castegpo;rmﬁne élroglérﬂjs?’rgﬁ% lere an nth axis An passing the center 0 of
the space Q and a pI urality of nth planes P.. crossing the axis An with a
certain pitch dn, for instance at ri ghbl@ragl e with uniformpitch, are

pl aced wittmmrthe, rns goe of e (g Al fF—amnmut=ar—Tegmat i ¢
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annul ar fl at ek 6n of| t el escbpic t pe rmB,Bbe priovi ded?.0Fi g. 14 shé#s an
enbodi ment Hf| a gpace Q engposed by a shpel d 20 strug;yre hgvi ng ogpeni rigs of
Fig.13. re—shi el d Sffﬂﬁfﬂff_hﬂVFWQ oPeERT1GS ecor-ehng—+eo—the—tnventiagn i s
featured |irf that high-arad®®%hield perf8fnmancd is eRélred whi | e2d | ow ng

passage of air and light as well as heat radiation therethrough. Each set 7
of annul ar p%ége Sogsﬂﬂgyrégﬁlts of Table 8, it was confirmed that the shield
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



provided with ventilation draught 11, so that air passage froman air 25
condi ti oner conpressor 12 to the space Q may be forned despite the nulti-

| ayered tel escopic annular plates 6, so as to facilitate conventi onal
design of air-conditioning and ot her eB%ironnmental control neans. Further,
sui tabl e heat insulations 10 may be di sposed between adjacent annul ar
plates 6, for instance as air gap layer 4, so as to build a magnetically 30
shi el ded cl ean room of constant tenperature type. [Experinent 7] The

i nventors have built a nodel magnetic shield structure having openings of
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I nvent i eut fike iaaheeneei Hitn 8trdrye oot magnetbt elistlrintcys edwith tthe shi el d

t t ' ' t | [V i ' f Il di th
ol 10 SHEgRati ApPRrbibeibs P chiibhelbn. B8 ATBLENELS & BT T2 1 0%
Tabl e 8 SVHgwers @ FwRditp i tUilrdRi candl Cheffunbpemt stagked Dryexe fhgnetic Fl ux

Ti ght | y milineedahype iNeidnsepest ctyRRaRaébendli£® onDeRGideY: I@ﬂ%ﬂ@ic( O 11
13.0 62.3 4.8 2.DC_10 14.3 78.9 5.5 3 0 174.139.5 8,0 4 9.8 20.0 2.0
5 AC 10 SPyiECEnE 2.1‘2““6*’%‘6’7516?’63”2?) 05 DAt PR TR AT Soor Tabl e 8,
it Was cosfigravedor etivdeshdhlding td Gsupprest Uskidilal)i tge dpéhiergs Hifom
three-| aygh&e, tRkLES GRREGIMYPEuRSY: BIWMR 1ier(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 rocm 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 simultaneocusly for both passive shield and active shield, the inventors
built a three-layered telescopic magnetic shield structure having
openings as shown in Fig.13 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.l15(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 magmnetic £lux leakage outside
the structure by a magnetic sensor 9. By moving the sensor 9 to a number
of spots outgide 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 solid shield unit 22 was made by using grain-
40 oriented electrical steel solid sghield plates in the same manner as that



Fi g. 13 reveal ed higher shield performance in both DC or AC magnetic field
as conpared with that of the solid shield unit 22 using the sane wei ght of
magnetic material as that of the shield structure of the invention.
Especially, with respect to DC magnetic3®ield, the shield performance of 15
the shield structure of the invention showed 5-8 tinmes as high perfornmance
as that of the solid shield unit 22. As the magnetic flux density

i ncreased, the difference in the shield perfornmance between the structure
havi ng openings and the solid shield unit 22 increased. It was confirned
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shieldin pre shi ) th |nf ce fr whi | e_assi gni n
out er %Jrage? é}p‘?e‘f”(tj’) RS9 é ser\}S L}’dlr}lte (Seghl%eq a?ﬂ%ﬁtﬂ% STeRP| ‘Eféeﬂ:@egf ro?n
out door vgo B megmtdor Bluxelealzge wmhr fthe noupéed fpolpbidn aft thee magakiigssi ve
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i nvention IS parti cul ar%‘g Use u room havi ng strong r’ragnet i C
nmachifes NePREMRPT j thead engeid Ehpimegretis E%rl]eaqca%gﬁg@ itteneeded
rai | ways popoiets,| ines, n@tte@l:that the solid shield unit 22 had to use the

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 undegirable effects on cutside persons carrying pace-
makers or other ocutside medical instruments. The experimental results

30 shown in Fig.22 indicate that the shield structure having openings
according tb 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



stations and the like [Experiment 8] To confirmthat the shield structure of
the invention acts 25 sinmultaneously for both passive shield and active
shield, the inventors built a three-layered tel escopic nagnetic shield
structure having openings as shown in #lg.13 by using slats nade 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 Mby 30 flowing a DC current in the coil L in the direction
of the arrOMﬂ%:as I, r to that of MR, .and_neasurin the na netic flux
| eakage Gt &} ema?lﬁ%lgt']’ EELHE b °‘5evr%gn%%’?1c?ss%?¥?8 s e sensor
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wal | was e a t, 5 structure of

t he |nven ?géjn(i ﬁ?lge%dlgg %dg%lgg{ggdv%e%guv}\% erﬁrgfg&n tb& P‘i&&feakage at the
rectangul ar coupling of portions of the solid sh| eld plates 20 with the

solid shield unit 22 (see Fig. 22(B)ﬁnmommag there was not magnetic flux

| eakgg e wt hTBQ ema%%gpice%h gfdt sgruc ure eavTIaig openlngs according to the

invention is effective in preventing undesirable 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 tb 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



slats 1 in the structure of the invention (see Fig.22(C)). As to the 20
reasons for the difference in the nmagnetic flux |eakage fromthe coupled
portions, it is noted that the solid shield unit 22 had to use the abutting
of the solid shield plates as indicated BA Figs.5(B) and 5(1), while the
shield structure having openings according to the invention used
over | appi ng through planar contact type coupling as shown in 25 Figs.5(A
and 5(E), MRI roons in nedical organizations are expected to suppress the
out door | eakage of magnetic flux to 0.5nT or below, preferably about 0. 1n,
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hi gh- 1 evelbesahgidyeagtmgbpe obtai ned by using directional magnetic materi al

i d t |, .sh h t bl
0 ot i on 1 hatife B BB FERE QA THA)a1 1 SUEP oS 23 o RURE G P, "6che.

shi el ded. 24 ik splaiced jposhé Hpace osuryprundedby rithe? andullagy frapedi 6 f ehentonki agls of
slats 1 magdR Qirdli bi er@Nbrdpilreli &lpportd 8§ £ annular frames 6 alone,
20 however, an open-type cable duct for electrical wires can be formed by
the annular frames 6 alone and the wire rack 23 can be dispensed with.
The annulaf 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 enviromment 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



facilitate the shield performance by conbining such different kinds of

" slats 1 depending on the need of actual field to be shiel ded. EVMBODI MENT 6
20 The nmagnetic shield structure having openings according to the invention
is effective in preventing undesirable BAfluence (disturbance on nonitor

| mages of QA (office automation) nmachines) caused by AC/ DC magnetic filed
due to electric currents in electrical wres, such as power cables and
current-carrying wres, so as to maintain orderly 25 magnetic environment
around el ectrical wres, heat generated in cable duct for electrical
wires rrusftusﬂ)‘én'dleég?me‘aea“b GPP) SleEhtesy SLETITORYC WLEPFTANeEs BECEA® necessary
I f such aaghetizs cesplaptel NMBOvaewdedy triank givwey J::nlnaseahd‘ ycpeﬁsmhmetsj ln
SLTUCtUr oubf diag:6ab)! so&w&eagﬁlfmgep&%% énﬁgs Beld Ghe

struct ure havi ng openi ngs of | nvent 1 on, nee rﬂé‘aﬂ ditiona cool i ng
faciliti é<¥Gi $ITORESH ELPES SRdePAeCafiowEe EPGUS: n%‘ﬁ%d’thﬁﬁcﬁfnﬁéaﬂlfé‘?ﬂc%eﬁe kept
sinple aﬂesmgiedmrmmemlsﬁrﬁotureadﬂlttneommdremmgnneiambe hiselldic @Bmbmataved.
Furt her, hC | 1 on I
faci 11 1] amncE 5Dt L oc B FARAME TP 38, 5 bR K ey o
convent i GRALT® 5%@‘?-yb€¥d§@éfe¥§hpé‘lb355 daen. I@ﬂilvfa‘iés‘éﬁIf\’é?nShafﬁPdeﬁd‘éﬁWén of
I(; abl gg : Z ?‘@gﬁ@tﬂﬁ@ﬂieﬂ@ E@J:.‘ )bofh:cﬂ&h |<ﬂ1ﬁt§\ﬁ dth uhdérPpend tpsRer dl.lrzll.ﬁbls Sfanhhlﬁhé n\éent l ?n.
i g. owg, an.ex e of suc e e e ield c uct for
el ectrica 111]?[e §° S&ﬁﬁgﬁ LIRRHE: Ty (r)%t g‘?‘f“éﬁ ?%gEfoﬁiu?%t ?E a‘ﬁz’?f 6 are
di spdded e@[@lmlttosm lesdisplay tqaverl hwbrdd M ldinglsimestutds crugbsasng t he
directi thc%shh;‘?m&gﬁe&%c%ﬁ&d&mlﬂ ﬁ'&%xﬁé‘ﬁ'oﬁswﬂﬂ E&nﬁi?-abg&ﬁﬁhag a proper

spaci ng theref ronh so.as to shield nmagnetically the ace encl osed by the
annul ar q‘??elﬁﬁ‘r‘ﬁﬂtéf‘g’f‘?agﬂﬁgl SBFQH@QZ‘%?JAL)' {the ol &8 r ound t he
wres 24 with a magnetic shield structure simlar to that of Fig.3(A) and

13. More specifically, eachgRpEstRTbrfdIEof Rie PrEhBicé3 has a pair of

element slats lu and i, terial slat lu
simil8r to tHa9f} Ahews sohepaiys pepgPechivRIghess OF Al egRodinedks 5 amagnet i ¢
materi al 1ehgthwdys edfhlad diaaas mwgoetine paddntion faidmed exaypraghepriorcoupl i ng
of the ela%rgerﬁle I als. | I |y nd |i. Magnetic coupling between the elenent slats
lu and i %y overt: apping or abutting 10 thereof. Preferably,

sui tabl e courﬂlmﬂ@ iverbeghematic adev i shewing Founrexanples @fed magnstich coupl i ng

portions yakel e eL&REBESH 3hdedtdoRNEb |bb, uéHd ihhghieoa Pt iRt i ons of the
el enents sl ats Ii and |i. are made re%ﬁﬁ% e of thaéot_he COI,IIpJE ed portions

are R8pt in Sefrd Woft HEEMEH PELTRFS diment o

lengthways coupled blinds row which forms a closed magnetic path;

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 gchematic 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.1l is a perspective view of an embodiment using two sets of the
lengthways coupled blinds row which forms a closed magnetic path;
Fig.l2 is a perspective view of basic principles of telescopic type
40 magnetic shield structure using three sets of the lengthways coupled



An open-type magnetic shield duct as shown in Fig.23(A) can be built by 15
di sposing the annular franmes 6 in the length direction of the cable 24 to

be encl osed thereby. In the enbodi ment of Fig.23(A), a wire rack 23 to
support the wires 24 is placed in the %ace surrounded by the annul ar
frames 6. As long as the wires 24 are properly supported by the annul ar
frames 6 al one, 20 however, an open-type cable duct for electrical wres can
be formed by the annular franes 6 alone and the wire rack 23 can be

di spense(g wi(# h. Tg1e annul ar frane 6 for the cable duct is not restricted to
the conbPhEtF5oRCBECEMENE A §124%5 LBFPTARPIT and if the shield of |ower-side
of the duct Eiedds itlwrated envethodefeppeildingmen¢ tellascdpicnbypebead@ietic

di spensednybid stReft@rE 1 9rk Q. 74,9- 23(B), the frame 6 for the open-type cable
duct may be for rredﬁg%rsfzour or. three elenents slats Ii of | shape. Al though

the enbodi meAt9of? 3 praqticah gehodireny; of Fhg RIGPEePIsy tHRR)MSEPRtS el d,
Wt his tbbhiglabkerdibnlre o Fagel®s cl ose to | arge power transm ssion |ines and
the |ike sou f . i . etd ¢ . fi may be
shi el ded by Sedl Ssing Fhaaipras BN b & fewnol) PSR AE SOOI "0 e
manner a®eFfrFmapee ©of shieddosimieiireiso as to construct clean environnent
from out door FigUITEt s Ca GirSpHISRBRERS ithe | SN RleAMEo AN CHBIA hdngthvatse
magnetic shiel d structure having openings of the invention can be wused in a
br oad raﬁa'ép]be'fd P%‘ﬂ#l tH7 fields coveri ng architecture, construction and

ot het®. For Fhgtldnde,a igrapls showing the Feiati¢nsitibopetwephecthe magrgrtyderagneti c
field isghsgd ihospd¥e@NHh altNeerikg) NBEELEor EEHIRABNANG SHPEIC BBALK ARG ;
sensors, accelerators in se conducgor O factqries and | aboratories, strong
magnetic fi eFU91HEcitfid i968PY SROWIRG &8P 293 atiQRildR PWEER (11 BREMTIER)°L

devi ces, geb déttinoowerlppmprd stapdeminall partiomagiet icoupkisgnamt ehf{&IMR) devi ces,

t runk POWEL. drBfSe and transformers in power stations, roons requiring

passi ve and); or active magnetic shield |ike conputer roons and power source
roomsS and off@rl9%ifid raphEhryinedhe srefpeioniiet Petverr g bl ure of the
i nVﬁnt i opeﬁmd?mhﬁcel gdai Iﬁn@ﬁﬂﬁt}y&abb@ledﬁdv\h madé vy evmmﬂppinffslawldnggtm?ns,
such as s i er r s r roa vert, ri.b.

form ralr%vj\%y 02?@% gﬁé?&f ge ere\g%%vléorws f"g&‘lﬁé)é' ne &cﬁgﬂ?&e)%éag%rovg%n%%)nbdhrgt s of
under gr othel piendaprredngbatsand the |ike. The shield structure may be forned

as functionakigart $s0f gRhhielshdRiRfl¥heRNGLSshipShetvaBh adheCONAIIA hybri d
bui | 9@”9 RH RS S BB E S S BTG Sow BLEL T8l Ll S0 0L T on
wi t h28ouRGERBTBPET 7 @ Lengthways”coup Y PpIng
and overlap ratioc (@ /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 siat
: blind body
: gideways stacked blinds unit

30

: air gap layer

: overlapping portion
35 : magnetic material frame

: set of magnetic material frames

: magnetic material bridging plate

O 00~ N e W N

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



material, heat-insulating/ magnetic-shielding wall, and the Iike. BRI EF
DESCRI PTI ON OF THE DRAW NGS 15 Fig.1 shows schematic perspective views of
two enmbodi nents of a |engthways coupled blinds row of the invention and an
exanpl e of prior art shield structure;3Fig.2 is a schematic view show ng
four exanples of a magnetic material frane of the invention to be used in
shield structures; 20 Fig.3 is a schematic perspective view of an

enbodi ment of the | engthways coupl ed blinds row which fornms a cl osed
magneti c path 4 shows typical magnetic material frames formng cl osed
magnet i c pa?’r%cf"g(?ﬁﬂf’ﬁ?r magnetic material plates); Fig.5 illustrates

di ff er entl3nesaidsssayge coupling slat termnal 25 portions which result in
di fferent ,shigl,d performance; Fig.6 illustrates three different methods of
making a cl'osed magnetic path by coupling four slats; Fig.7 is a schematic
vi ew showsﬁgl%géﬁwiﬁsce‘ﬂplé’dl B%ﬁ‘%’étﬁ@” magnetic material slat of the

i nventi ongehhaheBds narketidlstRixs saset i ndents at 30 terminal edge surface;
Fig.8 sh SC t| Ve 0 ments of a sideways

st acked %I\e{s %g? m%f:g]fjha n"\i/teent F%%%/\%hl&éieggggé)per spective view of two

si deways 23t agkedighilydslensdt Sypanshieldssredupketsaladvaieldamidir ection; 35
Fig.10 igaa @ﬁl’égg@]{l ve view of two sideways stacked blinds units whi ch are
coupl ed | |zon | direction; Fig.1l1l is a perspective view of an

enbodi msr?t f“\"?ﬂaJL YITS of the |engthways coupled blinds row which forns
a cl osed magnetl c path; Fig.12 is a perspective view of basic principles of
tel escopic type 40 nagnetic shield structure using three sets of the

| engt hways coupled 34 blinds row formng a closed magnetic path; Fig.13
illustrates a nethod for building the tel escopic type magnetic shield
structure of Fig.12; Fig.14 shows a practical enbodinent of the tel escopic
type nmagnetic 5 shield structure of Fig.12; Fig.15 is a schematic diagram
showi ng a net hod of measuring shield performance of shield structure;
Fig.16 is a graph showi ng the shield performance of a | engthways coupl ed
bl i nds row,



10 Fig.17 is a graph show ng the rel ationship between the magni tude of

space in abutted slat term nal edges for coupling and shield performance;
Fig.18 is a graph showing the relati ggshi p between the nagnitude of gap G
in overl apped slat terminal portions for coupling and shield performance;

15 Fig.19 is a graph showi ng the rel ati onship between the shield

performance of a | engthways coupl ed row nade by overl apping slats and the
ratio of the length E of each row F&d¥ by overiapped slats over gap Gin
the overl apped slats; Fig.20 is a graph showing the rel ati onship between the
shiel d 20 petf ormasmeeriofsraelenrubuny hacnigpipetingk] REs stawwEde by over | appi ng

sl SE ﬁ) arﬂamﬂ:\igi'ﬂgazp pﬁ.&tah.ﬁy(& ﬁz\ﬁglaxam LG ﬂ\ilﬁcf hapRed egéheﬂlinx\/dggfr ng S![ ﬂ‘p

W e shie erforman engt hways
coupl ed b l’ﬂl sgnr%)lv% ?rhag?/'\h dso%\eéﬂ'%%“cou P B9 gyﬁ%t"ﬁ‘g?% of® 'fﬂrbaIG i s used;
Fig. 22 srﬁ}a}'ss Reipe SP??&\E}sﬁrPaﬁaﬁ‘g OflE hp é’llﬁtaﬁ%? PRt Boomagnpisicshi el d - 25
struct ur ehiddlditg ¢aghyedet dntegpebtird Ore bBYihd Shie pbthret atue tlofigtudingl Fi g. 23

i || ustr ateftral SXQRMRoO! 1R IRRL LS &her0a0ks o@uei{e 41%’& %91 gopeni ngs.
EXPLAI\lATlogl\Ln d EX% gallgom pa:g_?ﬂﬂe{d gacli{acrt?nraxl" a01|1 g%e %tllr%‘ cora bOdy 3

si deways stac : overl appi 'ortlon 35 6:
magnet i c 'ﬁl?ﬁtb&?‘r?daf"’dfl?%ﬁﬁmﬁ coypledqin ﬁBFQHé’cY i ierh%?-tliéwaﬂ'llflq &ads Slag itmagnet i c
mat eri al €9k ddindgbad¥ dicea correpmgAyi lat efswijadedt st bedysthredghon 40 11:
ventilation draught 35 12: air conditioner 13: air passage 14: wall 16:

| engt hwaye reQupl el 3l kNS #OMhina 1186 tHRGRE LK En NBY e;weéllabgwg sheet 20:
magnetic material plate (solid shield plate) 21, 2 tightly cl osed type

shiel d $oelicltirkel( SRL4eShie tiRi £§nths of square i o Siden v of said

slat terminal portions (020.2W"), 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 body

form openings in the magnetic shield structure.

2., A magnetic shield structure as set forth in claim 1, wherein
gsaid structure includes three or more magnetic blind bodies which are so
coupled as to form a closed magnetic path.

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

4. A magnetic shield structure as set forth in claims 1 or 2,
wherein each slat in each hlind body is coupled to a corresponding slat
of adjacent blind body through overlapping of terminal porticns 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 blind
bodies.

5.a magnetic shield structure as set forth in claims 1 or 2,
wherein said slat in the blind body is made by laminating a plurality of
thin magnetic material sheets, and the blind bodies are coupled in a row
by coupling each slat in each blind body to a corresponding slat of
adjacent blind body through alternate re-laminating of the thin magnetic
material sheets at terminal edges of said slats.



23: wire rack 24: electrical wire 36 CLAIMS 1. A magnetic shield structure
havi ng openings, the structure conprising a plurality of simlar magnetic
bl i nd bodi es, each blind body having3an imaginary blind core plane and a
plurality of magnetic material slats being spaced fromeach other by a
di stance required for magnetic shielding, each slat intersecting the blind
core plane at @A BiGFEGA e S?Bﬁtt“F%llasaﬁ?gs“Fﬂ’e?“bS}?mf He®Y 8ngi t udi nal central
axes of t¥hereipmagh sithén thy beindcwdys bs parierndd| tetininapeded [seffates each ot her on
t he bl i ndvitbmeotphsines and heichts no cheditsn detwgiegimaedhli entratow by serial ly
glo_up:ji Bgd&agfth&eaﬁ. bdn e&ﬁcé'l_apliinr@lcp@ﬁldt&dﬁ_i@%ﬁﬁﬁw-&ng slat of adj ?Cen_t
ind bo ’ 9;59;] r | I al_portions. w an overl appi ng
area a t ogJ;JLIE;S no %ﬁa‘%f?g@a?%éﬁglgﬁ mé)g‘%dgnﬁﬁg&gglfénggfg?aegewto?ft vt\%lladt h Wof said
slat ter ST FOPITOHEOTa RS, 2T LS FheErebT i Morhat S8id sHtEnes of the
bl i nd bodies are so coupled as to define a successive magnetic shield plane
and spaces befweecmaoadiacenslashatsturs aeaeh fdokitnnth by 6 ,f @efempeni ngs in

t he- magneddpen hiseitd SabMCEMCripZor the"BORALEG $Hn6! dnShEMChal 6 12s set forth

inclaim], i sai d structyre_includes three or nore magnetic blind
bodi es m?%éﬁi@.ﬁé?.sﬁ be(l:rf‘ﬂj‘fﬁd%é c%ssat'ié S %?Ié{‘”&ai%‘o%é’ﬁ' magnetic path. 3. A
magnetic shield structure as set forth in clains 1 or 2, wherein each sl at

in each plind |+S ~C nesAQRd f j bl i nd
body t hrough %ve%/naé&gicngHg%ﬁ?e%t%u%gﬁ%orti %ﬁsbgng%%lggst’ 65?118 %Pi no%r%r eater

t han 3m tbmpeirsngeenpldralAtyagaéts oo Shilal dastmamtetie asisktbckdesh ¢arhcl ai s
1 or 2, . e . i li body i Qu d_to a_correspondi ng
sl at ofba j&a;%eomy_ E??ﬁ@ Eaf)ndi faﬁjra'%%: b&\gg(ril (g.%pel r%aglfe Fllelgrﬁl r‘%urﬁ%%h’oong with a
gap G i nmatmeetdia eeteohabfslever bapps npacehef gap «Gdbebhigendiy gr éateandchan

0. 0025E (G .~0.0 ) ei ng,.the. .l ength pof id row of magnetic.blind
bodi 6. SUR hitter) O St P ihe AR el GrERYPRCE R o1 b
wher ei n sard wlaake ah & hioryiitndibedycdrs raddexby Hharendt i tige A gplgtucadinal of

thin magnetic ;materia heet s nd. the blind bodies are coupled. i row by
coupl i ng“eAeH s IPAF S| l‘:e%b% Sglaitﬁgb%%% Otréeﬁp%%r "‘gjé%SHgfﬁ %144t pSFaP]ae(aj]j acent
bl i nd body é¢dutougheal deritat @liedl antanatliang, ofhdded nt Beah neginetdfc thamat eri al

sheet s aglgggrgggigseggfﬁh(gkéi Eg giégf%y side to form a stacked-unit in

such manner that blind core planes of sideways adiacent blind bodies
being parallel to each other and orientation of the slat central
axes in each blind body being so selected as to cross each other,
and a plurality of said stacked-units are coupled in a row by
serially coupling each slats of correspending blind bedies in the
adjacent stacked-units through overlapping of slat terminal portions
with an overlapping area o that is not smaller than two tenths of
square W’ of width W of said slat terminal portions (w20.2W?),
whereby the blind core planes of the stacked-units are s¢ coupled as
to define a successive magnetic shield plane and spaces between
adjacent slats in each stacked-unit form openings in the magnetic

shield structure.

S. A magnetic shield structure as set forth in claim 8, wherein
three or more layers of blind bodies are stacked side by side in the

stacked-unit.



37 [/p.A magnetic shield structure as set forth in clains 1 or 2, wherein
“each slat in the blind body has patterned termni nal edge surfaces wth
protrusions and indents in direction df8 the |ongitudinal central axis
t hereof, and each slat in each blind body is coupled to a corresponding

slat of adj, aﬁelﬂégrﬂ:lﬂlesH@QYdtJUrQl‘égﬂréné'Q s‘%%gé%{‘@rht Qflalmea PAtdLn ned,
protrusions and I ndents at the term nal edges of said slats. ~, A nmagnetic

shi el d stlfcgaPelaieisdf PBPYiHigch berusen 63 idpiarei and dejirlert oflire bpAdent
fromtipof thhesPratdushop is not smaller than 0.1 W(R ? 0.1W, Whbeing
wi dth of said slat term nal edge. 8. A magnetic shield structure having
openi ngs, the structure conprising a plurality pairs of simlar nmagnetic
bl i nd bodilespf magriet il iShd;lebrdchttha;\timg an dermdbntn yirbldladmcdr evirane and a

pl urali t)ﬁe%f (r]lFe]E |t%cgg&er f’lcs %I agfdggl o 1ggac§da({oru%qle ach otcfl%rsfaﬁe olind

di st ance reqU|re or nmagnetic shie each™s Enter sec i Ng

core pIan@wasoaa$dngﬁbmdlﬂa¢l®£minabnaxuspahbreof, the |l ongitudinal centra
axes of the slats being oriented substantially in parallel to each other on
the blind core plane, wherein each pair of the blind bodies being stacked
si de by side t% RowgrerisshbReédtomtere mvimyedenirgmneahe shaictiki nd core pl anes
of si dewaysmpdsmgentidst isatl cbah@ar migied: favetialellatsy adedmeidkes and

ori entati g gf a,zlt;epagélaa cgmycﬁl a saas@soeaxg %%Eheﬁ' anedlytepgdxn Reing so sel ected

as to CI‘OSSac%g Qj{l planes crossnp (’ﬁ}h axJ.s Sred 1reda§or 91_ unjts are coupled
inarowh APy o &a s’lats of CORFELhoNdI MG B nd bodies in

the adja hﬁmk‘igac%é@cﬁ?ﬂef% PHIRNGHH °B ek A15F gt GPYERRPR%EF i nal porti ons

Wi th an oviefindppitkry ofr evpss sediden jof thetspaqen|dnéra sevard s¢lo of @nriar of square W2
of wi dth \hegletsangtesiaat plaegsneurabunpoigtd easnd aXx(s 2AAR)Ing tiwhemedyot he blind core
pl anes of &Q%p&éeaﬁlﬁeﬁnh@ioﬁ Sudd Bpaed GOHRIApAses ELQJsQﬁfgi the fkcsdaccessi ve
magneti c SILeLd BiARs AnARAGE ShRBLIRE ol AEEN! pilifiedy loB £AEN

st acked- unit. for maé‘g‘gl n the ng %han 1S structyre. 9. A magnetic
shield strifERdret 8t P’f%?ef e & vﬁne el e RFEe’or nore |ayers of

bl i nd bodu@sular@a@wawweéﬁélevl%ew@érﬁbh Wﬁévacﬁ%?ek%ahﬂtﬁ%ﬁd ing 10. A
magnet i ¢ sdurshddedtiyutdouseds af @etlak grapteticnetlegiah Bateshardespacen air gap | ayer
i s provi degiReh WasResd S@NEMSnanet1adi8aeni phitbndoRDepeRsngsi ih thee st acked- unit.

magnetic shield structure.

3. A magnetic shield structure as set forth in claim 12, wherein
said first axis and said second axls cross each other.

1. A magmetic shield structure as set forth in claim 12, wherein
said magnetic shield structure further comprises an air gap layer between
said first and said second sets of annular magnetic material plates.

5. A magnetic shield structure as set forth in claim 12, wherein
said magnetic shield structure further comprises up to n™ (n being a
natural number larger than 2} set of annular magnetic material plates
surromnding an n™ axis passing the center of the space being shielded and
lying on such spaced parallel planes crossing the n" axis as required for



11. A magnetic shield structure as set forth in claim8, wherein at |east
three stacked-units of blind bodies are coupled in a closed row so as to
forma closed magnetic path. I. A magn®&ic shield structure having openi ngs,
the structure conprising a first set of annular nmagnetic naterial plates

sur oundi g bh S| sfep@e@avagy CEI S lor 42509610k SN €l ded and 1 ying

on such s es Crossi axl,s as required for
magneti c "I%ﬂ“ ef‘%ﬁ%tgen?le iﬁ? Wﬁmﬁﬁfl%ﬁ%ﬂ}ﬂof’f et f‘?efts? ‘éﬂ’t‘ annul ar
plates dePPRfitiymeteataloplatehsEeselst Hsnsrire PRingspPdetled dngsugramséehd set of
annul ar rEgnetiscofratelang hagpeticesatstial uiathisng a second axi s passing the
center of the space and |ying on such spaced parallel planes crossing the
second axis as required for magnetic shielding, respectively, periphery of

each second§ Aaﬂégﬂlaf’{ l]ggggtp&j gasle{:%rorw%n ctlgg,} i8f h&%ﬁ%wst set

annul ar gnet c materr al p ates, | t he space being s ed is

sur r ounde 2t 2t & spd Hid dRnth anﬁ?aij‘f?éflet?CWB‘ﬁ al plates and spaces

bet ween adj acent annul ar magnetic material plates formopenings in the
magnetic shield structure. 1% A nagnetic shield structure as set forth in
claim 12, whengi & maga¢tde fshisld stxictuands sat doscbndiens 35 orofes each ot her.
14.. A nagnefdis asmlelgé.psltagr&cwriﬁse%seassétwé@f Eaid® ed@kdMalih-1)M@e@i N said

rragnetl C shi §|hgla§tn{ H%tt!ﬂé Safdd 1hﬁ:(at onprises an air gap |layer between said
n

first and said seco sets o annular magnetic material plates. 15. A
magnetic shield structure as set forth in claim12, wherein said magnetic
shiel d stygictupgqhai@hicoaPSt SREUHR L9 dHth f(aBtHeixﬂgzl%lm@awr@f mynber
larger than 2) set of annular magnetic material plates surrounding an n
axi s passthfgetRect@hter dof NEREA S FREBChET i tsHitel deteshd s PYPAAGRBR such
spaced pajaldaglcpl 38 GLessi AbdNa1Ns1 8 Seagal eQutd 8 S0 n38 JmENeti C
shi el ding, respectively, periphery of each nth set annular nagnetic
material 1% égrﬁ‘é‘iﬂhg—’v@ﬁﬂﬁpé%n% teRBENDF ROFLipRs QetaHdsarar Slatdgnet i c
mat eri al plates, whereby the space being shielded is surrounded by n sets
of annul g netgn i I i g SLEU S set
forth i naf g?xmﬂ%ﬁg%erszﬁllﬁ%s%lgkﬁtﬁlﬁ a% séAé ggbd ffogtgx%g cgjiialoiss“3 Zac

ot her. | }thmwﬁmghét wdlesmlel thstrametiec Bstedtalf @Mh cpln I:dlaauenss Iadyr b6,

wher ei n n gap, I rd a t" sets
of annul g‘% mzctI Re ?I T %rr%}t%erlhgf:épjfsaejt %%1?@’&3‘%% %lt |c s hiel 8%%?5%&%:0)5 as set
forth in gﬁaﬂnﬁsriéntﬁd.kﬁpctrlcal steel sheets, non -oriented electrical

steel sheets, Permalloy, soft magnetic steel sheets, amorphous alloy,
and nanocrystalline materials crystallized from liquid-guenched thin

strips.

20. A magnetic shield structure as set forth in claim 19, wherein
the magnetic blind body includes magnetic material slats made of
different materials.

2], A magnetic material frame for magnetic shield structure having
inter-frame openings, said magnetic material frame consisting of a

plurality of either planar magnetic material slats or laminated magnetic

material slats each having thin magnetic material sheets laminated one
over the other, wherein sald planar magnetic material slats or laminated

magnetic material slats are coupled substantially on the same plane as
that of the slat itself and in a row by aligning the slats in a row while
juxtaposing longitudinal terminal edges thereof and coupling facing



wherein each said annul ar magnetic material plate is made by a plurality of

magnetic material slats serially coupled in an annular formthrough

overl apping of term nal portions of adjacent slats. 19. A magnetic shield

structure as set forth in any one of clidins 1 through 18, wherein the
magnetic naterial slat or plate is nade by wusing one or nore materials

sel ected heem {d1€ BH@YPNE US| 3HihREnOf 51 A2k A7 08 f?%tv%q_l%f?fﬂ |2l shegl;

sheets, non-oriented electri caI steel sheets, Permalloy, soft nagnetic steel

sheets, aRBFpHUS aithoyn Owatd arRABEry2taal] thétrrmmqtalsgabl%twalm zed from

i qui d- queeﬁlaﬁéﬂ disQuast 'iPS V%Qduﬁmans!%m sﬁfyte'cg RO 85, Set forth

in clalmIQB wherein the magnetic blind body includes nagnetic nateri al

slats madd%sf-2Wiftferent materials. 21. A magnetic material frame for

magnetic shield structure having int er frame openi ngs sai d magnetic

mat eri al a onslstin Iur r, an netic material

slats or gh‘in%a aqux rtfggnegt laﬁatfg?ﬁn%l %tagn%g % R ?ﬂi'l%t gR8t Pt

mat eri al §hee}h sid aﬁ:lamat &Y, oﬂeremnesaidleframbeincmterselam Sah sk pih&l@arofragneti c

mat eri al Ls.or nated mag netic mat sl at re cocyp

subst ant i afL nsﬁlﬁe rﬁ?aagr?g a§ MHE e f ?l%s Sk ﬁaf“f%ﬁ (?neﬁl% row by

al i gni ng tnIaEesiaa]I S.Sllalﬂea wmmﬁamleecommﬁcapmsangldmmglrbudsaaés tter opal a edges

t her eof ang éjpl i ng faC| n term nal portions of adjacent slats through

over | appi 19°3F° tERHAF PP t| ons with an overlapping area a that is not

smal ler than two tenths of square W2 of w dth W of sald slat term nal

porti ons (270, 2V8) pachescAnBINE! Ll 2" hithe {20 L1 81 FRANEL 16 1 e d

structure as S€ erern sa| arre I nc at | east
three of &P¥tReln skaid 4| SFI&?' rﬂi’@ﬁ%‘t“l gaidpfacing tegtigpl POFtiCRRiHat ed magnetic
mat eri al shdjagentwhiats @reccapled ebirdugh vetliappihar ofvtie tasminel frortioas cl osed

magneti c paith aZip & ARIBRLHter LS Binf thbFd@Bude@l Magnetic shield structure
as set forth in claim?2l or 22, wherein said facing term nal portions of

adj acent slats are coupled thr ough overl apping of the term nal portions

wWth a aap o of 1 tAQJaﬁ,%tt‘? mE. 0,13 %&@%[—%Q?A ‘éﬁc‘?@%ﬁé éfc%ge”% <G Materi al

frame for netic s ructure as se or 22, wherein
sai d faci n§°‘E rif R FHras %?ns“"t?i‘-’emaﬁellﬂcfé’ﬁ’tngs'feéf“%naér@”&:‘é’ﬂfﬁI°€d t hr ough
over | appi ngdiskertthelate ane wabplpdrthiqygk 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
blind bedies.

2b. A magnetic shield structure having openings, said structure
being produced by overlaying a plurality of similar magnetic material
frame as set forth in claim 2 or 22 in the normal direction of the frame
itself at a required inter-frame distance.

26. A magnetic shield structure having openings as set forth in
claim 25, wherein said magnetic material frames are overlaid one
over the other at a required inter-frame distance so as to form a

cable duct.

27. A maghetic shield structure having openings as set forth in
claim 25, wherein said magnetic material frames are overlaid one
over the other at a required inter-frame distance so as to form a

passive and/or active magnetically shielded space therein.



with a gap Gin 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

blind bodies. 25. A magnetic shield stdlucture having openings, said

struct ure bej ng produced by overlaying a plurality of simlar magnetic

mat eri Al poll AT ARl mbOELILY T:Chal I 2022y [hegopmal, digecti on of
thefrarre |tse t arequired inter-franme distance A" magnetic shield
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mat eri al v 0 o] u ame
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magnet i ¢ smagerhedgdmeate ofstisetpatdrrhed ntaimdinmi 2ddgrs Zerenher ei n each said

| am nated magnetic material slat has at Ieast one such patterned term nal
edge surface_w th protrusion ndent ongi t.udi n di rection
Chereot . 25 Piohdtity PAEF FYTb T ICRE S i CRRE pR® CoARImodl P AEoM by
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taken fraqm tth@ sDit tthenphol rasdeon is not smaller than 0.1W (R?0.1W, W being
width of the slat term nal edge.





