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MAGNETI C FI ELD GENERATI NG DEV] CE USED FOR MR BACK GROUND £ X THE INVEN%ﬁCN*

Fteld '4f the Inyention The’pg%sent I nvention concerns an | Bmﬁﬁéh&w
magnetic field generating deviceg u 6&% ry ex I in a ng
i.megi ng apparatus (hereinafter fefng @%lﬁs Qﬁﬂf ned

particular use and it relates to a magnetic field generatlng deV|ce
for ‘MRI, in which a pair of magnetic poles constituted by | am nating and

imtegrating a pl MARKNETY COfF THUD GENERATENG |IEAMES D Sheetdrer e opposed to
~each other with a gap deflned t herebet ween, for reducing the eddy current
“and

BACK GROUND OF THE INVENTION
Field of the Invention

The present invention concerns an improvement for a
magnetic field generating device used, for example, in a
magnetic resonance imaging apparatus (hereinafter
referred to as MRI) for medical, in particular. use and it
relates to a magnetic field generating device used for
MRI, in which a pair of magnetic poles constituted by
laminating and integrating a plurality of non-oriented
silicon steel sheets aré opposed to each other with a gap
defined therebetween, for reducing the eddy current and
the phenomenon of residual magﬁetism in .the magnetic poles
caused by,gra&ient magnetic field coils, %;thout deterio-

rating the uniformity of the magnetic field in the gap. .

Description of the Prior Art

MRI is an apparatus adapted to partially or wholly
locating a person to be diagnosed in a gap of a magnetic
field generating device that generates an intense magnetic
field, for obtaining a tomographic image of an object and
capable of showing as far as the property of the tissue -

thereof.
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t he phenomenon of residual magnetismin the magnetic poles een Replaced
gradient magnetic field coils, without deterio-"rating the u tﬂ i

the magnetic field in the gap: Description of the Prior Art -
apparatus adapted to partially or wholly locating a person to be di agnosed
in a.gap of a magnetic field generating device that generates an intense

magnetic field, for obtaining a tonographic i nage of an object and capabl e

of showing as fartfs hAgnRtaRERt%1A g rhitiske dhar®dfused for the
MRI described above, it is necessary that the gap has such
a space as capable of partially or wholly locating the
person to be diagnosed and it is also required to form a
stable intense magnetic field usually of 0.02 to 2.0 T and
at an accuracy of less than 1 x 10™4 in an image pick-up
view field in the gap, in order to obtain a clear tomo-
graphic image.

A known magnetic field generating device used for MRI
has a constitution as shown in Fig. 12(a), (b) in which a pair
of components 1, 1 made of permanent magnets are opposed
to each other as a magnetic field generating source, with
one end of each of them
being secured with a magnetic pole 2
and the other ends of them are connected by means of yokes
3, to generate a static magnetic field in a gap 4 defined
between the magnetic poles 2 and 2.

An annular protrusion 5 is disposed at the periphery
of each of the magnetic poles 2, 2 in order to improve the
uniformity of the magnetic field distribution in the gap 4,
and it is usually made of a plate-shaped bulk (one piece
product) prepared by scraping from magnetic material such
as electromagnetic soft iron or pure iron (refer to Japanese
Patent Laid Open Sho 80-88407).

GLadierrt magnetic field coils 8 disposed in the vieci-

'
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: : : : This Sh et
In the magnetic field generating device used for the MR des ” 7 Ph%dj

It Is necessary that the gap has such a space as capabl e of
whol |y locating the person to be diagnosed and it is al so re
a stable intense magnetic field usually of 0.02 to 2.0 T'and at an accuracy
of less than 1 x 10-4 in an inmage pick-up view field in the gap, in order
to obtain a clear tonp- graphic inmage. A known magnetic field generating
devi-ce used for MRl has a constitution as shown in Fig. 12(a), (b) in which
a pair ofiidehphesah|of HagemdengbieraPehes ndgnét Bsaaglxpﬁe@ealse
three sets of coil éroups corresponding to three directions
X, Y and Z for obtaining positional information in the gap
4, but they are described simply in the drawing.
When a pulse current is applied to the gradient
magnetic field coils 8, a gradient magnetic field changing
with time in a trapezoidal wa%eform can be generated in a
desired direction.
Wheq the pulse current is caused to flow in the
gradient magnetic field coils 6, since the magnetic poles
2 are composed of tpe plate-shaped bulk as described
above, magnetic field changes abruptly upon<g;sing and ..
falling of the current to induce an eddy current in the
magnetic poles 2, 2. |
) Since the eddy current forms a magnetic field in the
direction opposite to the magnetic field formed with the
gradient magnetic field coils 6, it takes a long time for
the gradient magnetic field to reach a predetermined
intensity.
As a means for overcoming the foregoing problem, there
has been proposed a magnetic field generating device using,
as the magnetic pole, a plate~-shaped lamination comprising soft
magnetic thin films such as permalloy steel sheets or amorphous

steel sheets which are laminated with the plane cf lamination

being in perpendicular to the plane of the magnetic pole, and



to each other as a magnetic field generating source, with one < eplaced
of them being secured with a nagnetic pole 2 and the other end EM
connected by nmeans of yokes 3, to generate a static nagnetic fi :

4 defined between the magnetic poles 2 and 2. An annular protrusion 5 is

di sposed at the periphery of each of the magnetic poles 2, 2 in order to
I nprove the uniformty of the nagnetic field distribution in the gap 4, and

i1 is usuakky HREGnGkd RlaliatehaRREPUlK LaNa face sqxapu@gt pggpared by
scraping frommagnetic material such as el ectroriagnetic soft-1ron or pure
iron (refelam@ind@pagesiérections are different by about 90° from each

other (Japanese Patent Laid Open Sho 61-203605), or a

mégﬁétic field generating device using a magnetic powder

of high specific resistivity (Japanese Patent Laid Open

Sho 63-25907).

However, the constitution described above intended

for the reduction of the eddy current still involves a

problem that the magnetic poles are magnetized by the

magnetic field formed with the gradient magnetic field

coils (GC), and the uniformity of the magnetic field in

the gap is distorted by the residual magnetism to the

magnetic hysteresis phenomenon (residual magnetism pheno-

menon) even after the interruption of the GC pulses due.

SUMMARY OF THE INVENTION

In view of the present situations described above for
the magnetic pole in the magnetic field generating device
used for MRI, it is an object of the present invention to
provide a magnetic pole capable of reducing the formation
of_an éddy current thereby increasing a gradient magnetic ,
field to a Predetermined intensity in ;wshort period of
time without deteriorating the uniformity of the magnetic
field in a gap.

Another object of the present invention is to provide



Pat ent Lai d Qpen 856460-88407). dadierrt magnetic field cofhissn&sd)
in the yidi nity of each of the magnetic poles 2, 2 usual m%ﬂoeﬁ' eplaced

three sets of coil groups corresponding to three directidns

obt ai ning positional information in the gap 4. but they are

sinply in the drawi ng. Wen a pulse current is applied to the gradient
magnetic field coils 6, a gradient magnetic field changing with tine in a

t-r apezoi dal waveform can be generated in a.
a magnetic pole capable of reducing the phenomenon of

residual magnetism thereby obtaining a clear image at a
high sensitivity.

A further object of the present invention is to
provide a magnetic pole that can easily be fabricated and
manufactured, has high mechanical strength and excellent
workability for assembling.

The present inventors have made various studies for
attaining the foregoing objects in the magnetic field
generating device used for MRI and, as a result, have
found that the eddy current and the residual magnetism
caused by the gradient magnetic field coils can be reduced
without reducing the magnetic field intensity and the
uniformity of the magnetic field by constituting a pair of
magnetic poles opposed to each other with a gap defined
therebetween into a required shape, by laminating and inte-
grating a plurality of non-orientéd silicon steel sheets:. ..

That is, the foregoing object can be attained in
accordance with the present invention by a magnetic field
generating device used for MRI, comprising a pair of
magnetic pole piece. opposed to each other with a gap'
defined therebetween and generating a magnetic field in
the gap, wherein

magnetic ples formed by laminating and integrating

a plurality of non-oriented silicon steel sheets are
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desired direction. Wien the pulse Current is caused.to fIOMﬂ1@1 graQ|ent
magnetic field coils 6, since the Hﬁﬁ@@%ﬁﬁwggl S 2 are co ed Eggpgtu
pl ate-shaped bul k as descri bed abov chang

rising and falling of the current t !Hﬂ&mﬂuw y current in the magnetic
poles 2, 2. Since the eddy current f c field in the direction
opp05|te to the magnetic field fornmed with the gradient nagnetic field
coils 6, itisabkesda |long tine for the gradient nmagnetic field to reach a

predetermned intensity.
The direction of laminating the non-oriented silicon

\.

steel sheets adopted ;n the present invention can be the
opposing direction of the magnetic poles, the direction in
perpendicular to the.opposing direction of the magnetic
poles or the combination thereof.

In a preferred embodiment of the magnetic field gene-
rating device used for MRI according to the present inven-
tion, the magnetic pole comprises a plurality of block-

shaped magnetlc pole members or bar shaped magnetic pole

M e e rm

members to be described later.
S iIn particular, in a case of using the block-shaped
magnetic pole members, the entire mechanical strength of
the magnetic poles can be improved and handling for the
magnetic pole can be facilitated by arranging a plurality
of block-shaped magnetic pole members on a plate-shaped
magnetic material base, to form a magnet;c pole.
Further;ﬂgh a case of using the bar-shaped magnetic
pole members, assembling work can be facilitated by dis-
posing a plurality of bar-shaped magnetic pole members so
as to be suspended at the inside of a support frame and,
further, since a required mechanical strength can be ob-
tained without using the plate-shaped magnetic material

base as described above, it can provide a particularly

effective constitution for the reduction of the residual



As a means for overconing ghefetq{agg&h lge@bl em there has lgeq:n . oposed aiin |
magnetic field generating s the magnetic polq Raitis i
pernal | oy steel sheets or sheets which are Ian1nated mnth
the plane of |am nation belng |n perpendlcular to the plane of the magnetic
pol e, and are arranged and integrated in tw |ayers such that the
| am nat i ngagneedtsimns are different by about 90 from each ot her (Japanese
Patent Laid Open Sho 61-203605), or a
Further, it has been found in accordance with the
present invention that uniformity of the magnetic
field can further be improved in the constitution in which
the magnetic pole is formed by laminating the non-oriented
silicon steel sheets, by disposing an annular protrusion
comprising a magnetic material ring having at least one
slit disposed in a diametrical direction at one or more
positions on the side of the magnetic pole opposing to
the gap.
The magnetic field generating device used for MRI as
an object of the present invention is not restricted only
to the embodiments to be described later but can be applied
to any of constitutions so long as a pair of magnetic poles
are opposed to each other with a gap defined therebetween,
for generating a magnetic field in the gap.
That is, the magnet component as the magnetic field
generating source is not restricted only to the permanent
magnet but an electromagnet or the like may also be adopted.
Further, the magnetic pole may not necessarily be disposed
directly to the magnetic component. Further, the shape,
size or the like of the yoke for generating the magnetic
paths in the gap by magnetically connecting the magnetic

components with the pair of the magnetic poles may also be

selected properly depending on various properties such as
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resistivity (Japanese P Sho 63-25907). Fbmevqf, t h@E:  LALED
constitution described abk or the reduction of t
stil1 involves a problem etic poles are magneti zed by the

magnetic field forned with the gradi ent magnetic field coils (GC), and the
uniformty of the magnetic field in the gap is distorted by the residual

the, ' t ' h heno-
Tonon) | evitr o S LR e RRERel: SR RERED O FIE

| NVENTI ONpagnetic field uniformity or the like.

BRIEF DESCRIPTION OF THE DRAWING

Figs. la and 1b show a top plan view and a transversal cross

sectional view illustrating one embodiment of a magnetic
pole in a magnetic field generating device used for MRI
according to the present invention, which illustrates a
particular case of disposing block-shaped magnetic pole
members comprising non- ariented sSilicon steel sheets
laminated.-in (the opposing direction of the magnetic poles.
Fig. 2 is a perspective view illustrating an embodi-
ment of a block-shaped magnetic pole member constituting

the magnetic pole shown in Fig. 1.

Figs..3a and 3b show..a.top plan view and~a transversal cross

sectional view illustrating another embodiment of a magnetic
pole in a magnetic field generating device used for MRI
according to the present invention, which illustrates a
particular case of disposing block-shaped magnetic pole
member comprising non-oriented silicon steel: sheets -
stacked in perpendicular to the opposing direction of the
magnetic poles.

Fig. 4 is as perspective view for the block-shaped
magnetic pole member constituting the magnetic pole shown

in Fig. 8.



In view of the present situati ofsis Slescas bed rahpue for the nagnds Seizpol-e s prEN

the magnetic field generating dei I, it is an[objedﬁﬂﬁiﬁhﬁb
present invention to provide a nﬁﬂﬂ”mﬂawg,%sabl e of redhm—rrg—ﬁre‘-—————-——-'
y

formati on of an eddy current there | a gradient magnetic field
to a predetermined intensity in a short period of tine without
deteriorating the uniformty of the magnetic field in a gap. Another object
of the present invention is to provide

Fig. 5 is a perspective view illustrating an embodi-
ment of other block-shaped magnetic pole member than the
block-shaped magnetic pole member shown in Fig. 2 and Fig. 4.

Fig. 6 is a perspective view of a strip of rectangular
plate comprising non-oriented silicon steel sheets consti-
tuting the magnetic pole.

Figs. 7a and 7b show a top plan view and a transversal cross
sectional view illustrating a further embodiment of a magnetic
pole in a magnetic field generating device used for MRI according
to the present invention, which illustrates a perticular case of
disposing bar-shaped magnetic part pole members comprising non-
oriented steel silicon sheets laminated in perpendicular to the
opposing direction of the magnetic poles.

Fig. 8 is a perspective view of the bar—shaped
magnetic pole member constituting the magnetic.pole shown
in Fig. 7.

Figs. 9 and 10 are explanatory views for the details
of a portion of the magnetic pole shown in Fig. 7.

Fig. 11 is an explanatory view for the details of a

_ portion illustrating another application embodiment of the
magnetic pole shown in Fig. 7.

Figs. 12a and 12b show a longitudinal cross sectional view ~

and a transversal cross sectional view of an existent magnetic

field generating device used for MRI.



a magnetic pol e capable of reducing the phenomenon of re5|d aﬁ* '”,etrén1' o
t hereby obtaining a cleaﬁms ehanaR 4gkd sensitivity., A fu et Dimm—ﬁ
the present invention is t gnetlc pol e t hat can eaS|Iy be
fabricated and nanufactur chanical strength and excel | ent

wor kabi lity for assenbllng I nventors have made various studies
for attalnlng t he foregoing objects |n the magnetic field generating device
used for and, as a result, have found that the eddy current and the

resi dual ﬂ%@%@???ﬁPHaGEeEHﬁyPﬁﬁgﬂ&&ﬁﬁ EMBOPIYHNTS field coils can be

r educed ,
Description w1ll now be made to preferred embodiments

of the magnetic field generating device used for MRI
according to the present invention, in which a pair of
permanent magnets are used as a magnetic field generating
source. |

As the permanent magnet for the magnet component used
in the magnetic circuit, ferrite magnet, alnico magnet and
rare earth cobalt magnet can be used. In particular, the
size of the magnet component can be reduced remarkably by
using an R-Fe-B series permanent magnet that exhibits an

i . eXtremely high energy product of greater than ?0 MGOe, in
which R represents light rare earth elements mainly com-
posed of Nd or Pr abundant in view of resource and B and
Fe are incorporated as the main ingredient.

The feature of the present invention resides in form-
ing a magnetic pble by laminating and integrating a plurality
of thin silicon steel sheets. The silicon steel sheets
used herein are non-oriented silicon steel sheets with
no directionality in the direction of the axis of easy
magnetization (JIS C 2552, etc.}, which has a particularly
great effect of reducing the residual magnetism.

The thickness of the silicon steel sheet constituting
the magnetic pole may be optional. However, an excessive

thickness is not preferred in view of the reduction of the

- 10 -



magnetic field by constituti gnetic pol es oppagsed t@.each. .,
other with a gap defined fhe:{lggwwa{u Lﬁf _
and inte- grating a plurality ed silicon steel sheets:...
That is, the foregoing object can be attained in accordance with the

present invention by a magnetic field generating device used for M

conprisin air _of magnetic”pol e pi eca, opposed to each other with a gap
de??ned ﬁ%@%%g%¥ﬁéﬁﬁtaﬁgggeﬁ€rgﬁ?ﬁgo ﬁggngﬁ €irpdiid ity e thap LiMeer ei n

magneti c %ﬂgstﬁféﬂggsgyigagkg%ggggyaggsgn%ﬁgaa&i% . It is preferably
selected from commercially available materials (for example,
having thickness of 0.5 mm, 0.35 mm etc.) in view of easy
availability.

The foregoing effect can be obtained by using the
non-oriented silicon steel sheets but, if the sicicon
steel sheets are laminated only in one direction for the
entire plate-shaped lamination that constitutes the magnetic
pole as shown in the prior art (Japanese Patent Laid Open
Sho 61-203605), the operation for laminating and integration
becomes extremely complicate.

In view of the above, the present inventor proposes a
constitution of providing excellent workability for laminating
and assembling, in which a plurality of block-shaped magnetic
pole members are once formed each by laminating a plurality
of rectangular non-oriented. silicon steel sheets eacg
of a predetermined size in the opposing direction of the
magnetic poles or in the direction perpendicular to the
opposing direction of the magnetic poles, and such a plu-
rality of block-shaped magnetic pole members are secured
directly to magnet components, or secured by way of a
plate-shaped magnetic material base to the magnet compo-
nents.

In particular, in a case where the laminating direction

- 11 -
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a plurality of non-orient edi‘h%IShtet:ﬁﬂ‘ eets are di §posiedi iFha-ns 523N
direction of lamnating the j | icon steel shedts ad%ﬁfb@:i&

the present invention can be irection of the-magnettc potes,
the-direction in perpendicul ar to the opp03|ng direction of the magnetic
pol es or the conmbination thereof. In a preferred enbodi nent of the magnetic
fleld gene- rating device used for MRl according to the present inven-

of the non-oriented silicon steel sheets is in the
opposing direction of the magnetic poles, they can be
laminated and integrated with an extremely good workability.

The block-shaped magnetic pole members are disposed
at least by two and the number of division blocks is
determined depending on the shape and the size, required
properties, assembling workability or the like of the
magnetic pole. For practical use, silicon steel sheets
are aminated and integrated in a predetermined direction,
and about 40_to 200 blocks of such block—shaped magnetic
pole members each cuf inéo a square shape with a size for
each side of about 50 mm to 200 mm are preferably used to
form the magnetic pole. i

Further, an;;psulative_Lgygr is formed to the surface
for each of the silicon steel sheets, so that they are
electrically insulated from each other upon lamination and,
further, each of the blocks can also be insulated electri-
cally by integrating individual blocks using an @ysu}a;ive“
tape or insulative resin, to attain an effect of preventing
the occurrence of the eddy current.

Further, by adjusting the thickness for each of the
block-shaped magnetic poie members constituting the magne-
tic pole, can further be improved by disposing a substan-

tially convex projection or a protrusion of a trapezoidal

cross section can be disposed to the central portion of

- 12 =~



tion,

t he magnetic pole co

Iurallty of bl ock- sh p@HSﬂBgﬂéTfCﬂﬁL;N

es a
pol e nenbers or bar-shaped 1 ers to be desdi bediEates:ioln |
particular, in a case of us ped magneti ¢ poFE=TeRpers—tHe—="
entire mechanical strength of

handl i ng for the magnetic pole can be faC|

pol es can be inproved and

Itated by arranging a plurality

of bl ock- shaped nagnetlc pol e nmenbers on a plate-shape.d magnetic materi al

base;

plurality gaf Q:ad'lcsqﬁi@% BINGidvn Q‘LCH eeﬂ%éss d&scribed later.

The block-shaped magnetic pole members may be disposed

directly to the surface of the permanent magnet component
opposing to the gap, but the entire mechanical strength of
the magnetic poles can be improved, the handling is made
easy and the assembling operation for the magnetic circuit
can be facilitated by disposing them on a plate-shaped
magnetic material base described later.

By optimizing the ratio between the thickness for the
magnetic material base and the thickness for the block-
shaped magnetic pole member,.the effects for making the
magnetic field intensity uniform and preventing the eddy
current and the residual magnetism that are required for
the magnetic pole piece can be fully attained and, further,
the mechanical strength of the magnetic pole comprising a
plurality of block-shaped magnetic pole members can be
compensated. Accordingly, the thickness of the magnetic
material base should be selected properly so as to attain
a required strength. |

The material for the magnetic material base is pre-
Terably pure iron, low carbon steel (soft steel) or the
like.

In addition to the constitution using the block-shaped

magnetic pole members as described above, another consti-

- 13 -
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as to be suspended at the inside of a support frame and, f U trhes SHEENCESEEEN

requi red mechani cal st rengiihsteamiabBeenReplacedi ned wi t hout usi q t he RE‘&'?i-i]i:\._‘._-'.‘Ezu
pl at e- shaped magnetic mat eri Hscri bed above, it rovide d
particularly effective con he reduction of the residual 7
magnetism Further, it has been tound in accordance with the present
I nvention that uniformty of the nmagnetic

tution is also provided as shown below, in order to most

effectively utilize fhe-méximum lateral size of commercially
available silicon steel sheet coils. At first a plurality
of bar-shaped magnetic pole members are prepared by laminating
a plurality of elongate rectangular non-oriented silicon
steel sheets by a required number along the thickness of
the sheet, and such a plurality of the bar-shaped magnetic
pole members are integrated so as to be suspended while
laminating in one direction on the inside of a ring-shaped
support frame such that the laminating direction of them
agrees with the direction perpendicular to the opposing
direction of the magnetic pole pieces. The thickness of
the bar-shaped magnetic pole member along the Iaminating
direction is preferably from 30 mm to 100 mm in view of
the mechanical strength, laminating workability or handling
property. |

In the present invention, the annular protrusion
comprising the magnetic material ring disposed to the
magnetic pole piece on the side opposing to the gap can
be made of pure iron, low carbon steel (soft iron) or the
like, and the protrusion may be disposed to the circumfe-
rential edge of the magnetic material base or the ring-
shaped support frame, or directly disposed to the upper
surface of the block-shaped magnetic pole members or the

bar-shaped magnetic pole members or the like.

- 14 -



field can further be i npFh t ¢ Tetitution in mhicﬁrﬁﬁé§§§§hg{¢cj,_ij
pole is formed by |am nati \ ented silicon sted' shedtsg/ by i
di sposi ng an annul ar pr ot ng a magnetic mat erfFarTrAg-Having -
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at least one slit disposed in a dianetrical direction at one or nore
positions on the side of the magnetic pole opposing to the gap. The
magnetic field generating device used for MRl as an object of the present
Fnvention is ndin rasy réoft ehe onbystdthbeorsbadi destsibedbabdescriikedsl at er

but can be applied to any of constitutions so long as a pair of nagnetic
pol es ar e degyassil ¢ oteadhvddéethei dhnal gappdeftraedohhbyelie¢spesing
one or more of slits with an aim of reducing the effect
of the eddy current. It is also desirable to apply electric
insulation between the magnetic material base or the ring-
shaped support frame and the annular protrusion or befween
the magnetic material base or the ring-shaped support
frame and the block-shaped magnetic pole member or the
bar-shaped magnetic pole member.

Figs. 1(a), (b) show a top plan view and a transversal
cross sectional view illustrating one embodiment of a
magnetic pole in a magnetic field generating device used
for MRI according to the present invention.

A magnetic pole 10 comprises a magnetic material base
11 consisting of a disk-shaped soft iron, a magnetic
material ring 12 made of soft iron of a rectangular cross
sectional shape disposed circumferentially along the peri-~
phery of the magnetic material base 11 and a plurality of
block-shaped magnetic pole members 13 laid on the upper
surface of the magnetic material base 11. The block-shaped
magnetic pole members 13 are usually secured by means of
synthetic resin adhesives to the magnetic material base 11.

The magnetic material ring 12 made of soft iron of a
rectangular cross sectional shape disposed circumferentially

along the periphery of the magnetic material base 11 serves

- 15 -
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for generating a magnetic ThieSheletia: BddeR@apsd That is, the wﬁ@é;@ﬁﬁpnen&tw

as the magnetic field generaljg not restricted
permanent magnet but an el ejumm#{ﬁﬁggrhe li ke may al so ib .
Further, the nagnetic pole may not necessarily be disposed directly to the
magneti c conponent. Further, the shape, size or the like of the yoke for
generating the magnetic paths in the gap by magnetically connecting the
magnet i ¢ cQripdfentle wiehshhieofarheomagne tirgpetliec 1oloss tiney sdideo dfe
sel ected Egémgﬁégrdggggg$ggrggcga£&gggrpggggrg%%irsggﬁt?ins. to
concentrate magnetic fluxes to a required gap and improve
the uniformity. The ring is secured to the magnetic
material base 11 by means of bolts while interposing. a
insulative material betwgen the ring and the base. Further,
the magnetic material ring 12 is divided circumferentially
(divided into eight portions in the illustrated embodiment)
to dispose diametrical slits 16, thereby reducing the
effect of the eddy current.

The block-shaped mégnetic pole member 13 is consti-
tuted as shown in Fig. 2.

That is, the block-shaped magnetic pole member 13 is
formed by merely_lamihating a plurality:of non-oriented
silicon steel sheets along the direction of their thick-
ness, integrating them by impregnation of an_insulative
resin or the like to form a block-shaped magnetic pole

"ﬁember 13 of a predetermined thickness.

On the contrary, if oriented (anisotropic} silicon
steel sheets are used for the silicon steel sheets, the
coercive force in the rolling direction is extremely
small, whereas the coercive force is increased in the
direction perpendicular thereto (there is a difference of

the coercive force. by about one digit relative to that in

the rolling direction). Accordingly, a difference is

- 18 -



-8- the size of the gap required, magnetic field intensity, Hﬁﬂﬁ%ggﬁTﬁfﬁi%ﬁEN
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uniformty or the like. BR &l RPMcdd- THE DRAW NG Fi arftf 1
show a top plan view and a ss sectional viewillustrating
one. enbodi nent of a magneti : netic field generating device
used for MRl according to the present invention, which illustrates a

particul ar case of disposing bl ock-shaped nagnetic pole menbers conprising
hon- orientgdsehl Hegendtiag saheaks rbamingt &d det dift QARRSItY id ection of

t he magneti c pol es.

residual magnetism and the effect of reducing the residual
magnetism becomes insufficient as a whole as compared with
the constitution of using the non-oriented silicon steel.
sheets. Further, in view of the effect on the uniformity
of the magnetic field, it is necessary to make the rolling
directions different 90° between each of the silicon steel
sheets, which results in a drawback of complicating the
laminating and integrating operation.

Such a plurality of block-shaped magnetic pcle members
13 are arranged so as to form a substantially disk-shaped
configuration as shown in Fig. 1. At the central portion
of the surface of the magnetic pole 10 opposing to the gap,
block-shaped magnetic pole members 13 of different thickness
are used in order to form a convex projection 14 of a
required diameter, and the uniformity of the magnetic field
can be improved by the 'convex projectiomw

Further, a core 15 made of soft iron is disposed at
the central portion of the magnetic material base 11 and
this constitutes a substrate for mounting gradient magnetic
field coils.

Figs. 3{(a), (b) show a top plan view and a transversal
cross sectional view illustrating another embodiment of
the magnetic pole in the magnetic field generating device

used for MRI according to the present invention.

- 17 -



) ) This Sheet Has Been Replaced
Fig. 2 is a perspective viewillustrating an enbodi- ment of

magneti c pol e nenber constituting the magnetic pol e shown injﬂ@“\

3a and 3b show a top plan view anda. transversal cross secti VI ew
illTustrating another enbodinent of a magnetic pole in a magnetic field
generating device used for MR according to the present invention, which
illustrates a particular case of disposing block-shaped magnetic pole

menber conpri si ng non-QrienLed $i|icon,stee| sheets. stacked

per pendi cul ar 4 M2EREbRHoRPHY &Y r EREPEASEP Fh@aﬁﬁﬁﬁéFi@aSSFgg; EFS? 4 is as

ers i i k-
P pECtlgf géggﬁgggnéhgfbgogksﬁbgggged soft iron, a magnetic

material ring 22 made of soft iron of a rectangular cross
section disposed circumferentially along the periphery of
the magnetic material base 21 and a plurality of block-
shaped magnetic pole members 23 laid on the upper surface

of the magnetic material base 21. The block-shaped magnetic
pole members 23 are usually secured by means of synthetic
resin adhesives to the magnetic material base 21.

The magnetic material ring 22 made of soft iron of a
rectangular cross sectional shape disposed circumferential
along the periphery of the magnetic material base 21 serves
to make the height of the magnetic pole 20 on the side of
the outer circumference higher than other portiomns, to
concentrate magnetic fluxes to a required gap and improve
the uniformity. The ring is secured to the magnetic
material base 21 by means of bolts while interposing a
insulative material between the ring 22 and the base 21
and, further, the magnetic material ring 22 is divided
circumferentially (divided into four portions in this
embodiment) to dispose diametrical slits 26, thereby
reducing the effect of the eddy current.

The block-shaped magnetic pole member 23 is consti-
tuted as shown in Fig. 4.

That is, the block-shaped magnetic pole member 23
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nmagnetic pol e menber COﬂStItM}SISQ&tﬁIQ@e gc pol e shown mﬂ:'”@ HEET HA

bl ock- shaped magnetic pole ne

qqqqq

Fig. Sis a perspective view n enbodi - nent @f OthﬁEPFAL“D
bl ock- shaped ma R0

menber shown in Fig. 2 and Fi
rectangul ar plate conpri5|ng non orlented silicon steel

of

tuting the nagnetic pole. Figs. 7a and 7b show a top plan view and a
transver sowad OS% Fig. 4 is prepared by forming small blocks 23a,

23b by laminating and'integrating a plurality of non-
oriented silicon steel sheets along the direction of
their thickness and, thereafter, laminating the small blocks
23a, 23b into a predetermined thickness such that the
laminating directions are different by 90° from each other
in order to improve the uniformity of the magnetic field.
Further, it is preferred to select the thickmess for
each of the small blocks and constitute them in two or
more layers depending on the workability for laminating and
various properties demanded.
Such a plurality of block-shaped magnetic pole members
23 are arranged so as to form a substantially disk-like
configuration as shown in Fig. 3. At the central portion
of the surface éf the magnetic pole 20 opposing to the
gap, block-shaped magnetic pole members 23 of different
thickness are used in order to form a convex projection
24 of a required diameter, so that the uniformity of the
magnetic field can be improved by the convex projection. ..
Further, a core 25 made of soft iron is disposed at
the central portion of the magnetic material base 21 and
this constitutes a substrate for mounting the gradiént
magnetic field coll.
Fig. 5 is a perspective view illustrating a further

embodiment of the block-shaped magnetic pole member

- 19 -~
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sectional view illustratingTis $hesttHheBeeeREBMIETENt Of @ nagneﬂiﬁﬁQQhQEHWWEEEEN'

1
magnetic field generating de | according to tlhe prgsepiced J\
i nvention, which illustrates ' as !
g

e of di sposi ngibat=—shaped-——=
magnmetic part pole menbers conpri Si -~oriented steel silicon sheets
| am nated i n perpendicular to the opposing direction of the magnetic poles.
Fig. 8 is a perspective view of the bar-shaped nmagnetic pol e nenber

const i t ut FAgSthéutrdggettihe polsedHewpale Hing.actomiace ovigrdd 10 are
explanator% views for the details of a portion of the magnetic pole shown
in Fig. 7'DRjgresents igyeatdctnatory view for the details of a

The illustrated block-shaped magnetic pole member 43
comprises small blocks 43a, 43b, each having non-oriented
steel silicon steel sheets laminated in different directions
between the blocks and integrated to each other into a
predetermined thickness.

That is, the small block 43a comprises a plurality of
non-oriented silicon steel sheets laminated and integ-
rated along the direction perpendicular to the opposing
direction of the magnetic pole, whereas the small block
43b comprises a plurality of non-oriented silicon steel
sheets Jlaminated and integrated along the opposing direction
of the magnetic pole.

The block-shaped magnetic pole member 43 can also be
disposed in the same manner as the block-shaped magnetic
pole member 13, 23 of the magnetic pole shown in Fig. 1
and Fig. 8.

The block-shaped magnetic pole member 13, 23 or 43 is
desirably employed selectively, in view of the shape and
the size of the magnetic pole, thg shape and the size of
the block-shaped magnetic pole member, required effects
for reducing the eddy current and the residual magnetism
and, further, the workability for stacking or the like.

The foregoing descriptions have been made to a case
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portion illustrating anothé‘?hIS Hcake redgodi nent  of tha eg;g pab&rEV i
shown in Fig. 7. Figs. 12a a Iongl t udi nal Es seq:tnpq_,naj:g/l ew .1
and a transversal cross sect an exi stent nag e

generating device used for TICN OF THE PREFERRED EMBODI MENTS
Description will now be nade to preferred embodi ments of the magnetic field
generating device used for MR according to the present invention, in which
a pair of of constituting the magnetic pole by using a plurality of
block-shaped magnetic pole members.
In a case of laminating and integrating the non-
criented silicon steel sheets along the direction
identical with the opposing direction of the magnetic
poles, if the surface area for each of the non-oriented
silicon steel sheets is too large, the aimed effect of
reducing the eddy current is deteriorated. Accordingly,
the constitution of adopting a block shape of a required
size can be said particularly effective.
In a constitution of laminating and integrating non-
oriented silicon steel sheets each comprising a strip
of - rectangular plate 50 as shown in Fig. 6 along the
direction perpendicular to the opposing direction of the
magnetic pole, since the thickness (T) is as thin as less
than 1 mm, it is possible to attain the aimed effect of
reducing the eddy current, as well as the reducing the
residual magnetism.
Construction of a magnetic pole with a diameter of
about 1000 mm by using such thin sheets would result in a
problem in view of the lamination and integrating operation,
but use of a ring-shaped support frame, an appropriate jig or
the like as described later for the embodiment shown in Fig. 7
enables to apply them even to mass production.

Figs. 7(a), (b) show a top plan view and a transversal
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per manent nagnets are usethissSheeaHamyaepRecki €1 d generating iIO'Uﬁ@é??‘fié_!ffﬁ'éSEEN h
per manent magnet for the used in the magngtic cREBL{HEED
ferrite nmagnet, al nico nmag arth cobalt nagnet "Tam be USed. In

particular, the size of the nagne nent can be reduced renmarkably by
using an R-Fe-B series permanent magnet that exhibits an extrenely high
energy product of greater than 30 M3e, in which Rrepresents light rare
earth el espoks BechliynaAMvieesad 1efs vt tam PrarrduHladimb ol Miev Qff resource
and B and Fe are incorporated as the main ingredient. The feature of the
present. theembtgnetiespdde iim ftvemmagnetic field generating device

used for MRI according to the present invention.

This is a constitution for most effectively utilizing
the maximum lateral width of commercially available non-
Sriented silicéon steel sheets.

That is, the maximum lateral width of a commercially
available non—briented siliccn.steel plate is 122¢ mm
and, if the outer diameter of the magnetic pole is greater
than this, no magnetic pole of a required outer diametrical
size can be obtained by mefely.laminating such non-oriented
silicon steel sheets along the direction perpendicular to
the opposing direction of the magnetic poles. Further,
the number of the non-orgented silicon -steel sheets
exceeds 3000 and the operation for ;aminating and. integrating
them also becomes extremely troublesome. ' '

A magnetic pole piece 30 shown in Fig. 7 has a feature
of effectively utilizing a bar-shaped magnetic pole member
33 having an entire length which is equal with the maximum
lateral size of a commercially available non—ériented
silicon steel sheet coil as shown in Fig. 8.

The bar-shaped magnetic pole member 33 comprises a
plurality of elongate rectangular nonjériented silicon
steel sheets lamihated along the direction of the steel sheet

and integrated into a bar-shape of a predetermined width
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ing a magnetic pole by |gm galingsa
silicon steel sheets. The

silicon steel sheets with ﬁ@ HHﬁ
easy magnetization (JIS C ! ! ich has a particularly great

effect of reducing the residual magnetism The thickness of the silicon
steel sheet constituting the nmagnetic pole nmay be optional. However, an

excessi ve (if)i gkNeRans Jotidhef vl ddhad gLl the reduction of the

Further, a chamfered portion 38 is formed to each of

Re

longitudinal ends of the bar-shaped magnetic pole member

33 for facilitating the disposition to a ring-shaped support
frame 34 to be described later. Further, an insulative
material 37 comprising, for example, an insulative adhe-
sive tape made of a thin polyurethane tape or the like is
appended at a predetermined position at least on one side

of the bér—shaped magnetic pole member 33 for facilitating
the integration of the magnetic pole piece by means of an
insulative synthetic resin to be described later.

By using the insulative material 37 for the bar-
shaped material, insulation can be made complete at least
between the bars as compared with the case of merely
laminating the .silicon steel sheets and it can.be said
effective for the reduction of .the eddy current.

A plurality of the thus constituted bar-shaped magnetic
pole members 33 are arranged and mounted in one direction,
with the laminating direcdtion being in perpendicular tov;he
opposing direction of the magnetic pole by means of a
ring-shaped support frame 34 having an L-shaped cross
sectional shape as shown in Fig. 9.

The plurality of the bar-shaped magnetic pole members
33 are arranged and mounted to the ring-shaped support

frame 34 and, in order to much faci;itate this, the central
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This She t Has THIS.E.
-1- 1 _ 1 1- eddy current and, in Dédo¢ i cabllltyl
thickness is desirably | ess th,’an % ferably seI lect ed
comercially avail able nateri-al s ( haV|ng t hi ckness of 0.5 nmm
0.35 mmetc.) in view of easy availability. The foregoing effect can be

obtai ned by using the non-oriented silicon steel sheets but, if the sicicon
steel sheets are Ianinated only in one direction for the entire

D ror ar Yo 08 1RE iRk SARALY UkBRokResRRARZ S RSB SB[ 1 the
| am nati ngh @ndy | PLEOLRELPEr sﬁapelln this invention, so that the

mounting can be completed by merely arranging the bar-

"ll

TP

shaped magnetic pole members 33a in one direction.

The rectangular inner circumferential edge of the
frame formed by cutting out the ring-shaped support
frame 34 is formed with a chamfered portion 39 similar to
the chamfered portion 38 formed to the bar-shaped magnetic
pole member 33a.

The foregoing embodiment illustrates a structure of
mounting the bar-shaped magnetic pole member 33a by means
of the chamfered portions 38, 39 for each of them, but the
chamfered portions may be replaced with other mounting
means such as fitting or the like.

Further, if the bar-shaped pole piece members 33
are laminated. by two or mére layers with theéif laminating
directions being different by 90° in view of the further
improvement for the uniformity of the magnetic field, a
constitution as shown in Fig. 10 may be employed.

That is, the bar-shaped magnetic pole members 33a
shown in Fig.9 are used as the first layer and a plurality
of bar-shaped magnetic pole members 33b constituting the
second layer are further d;sposed on the upper surface of
the first layer with the leminating direétion being diffe-

rent by 90°. Further, the two layers of the bar-shaped
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beconmes extrenely conpllcateTmsﬁwwﬁ dabove, the p eﬁﬁgg+;@¥ent0é £N i
proposes a constitution of pr ﬁﬁf nt workabilit ‘%é&ﬂigténg

and assenbling, in which a pI k- shaped nagn pol-e—nenh -
are_once forned each by Ianlnatlng a plurallty of rectangul ar non-ori ent ed

Silicon steel sheets eacg of a predeterm ned size in the. opposing

di ti f ot I d di to th
opposi ng TTFRLt TSP Gret REURRERCPPE POledsdantes e rmAYpPREUFER BY of |
bl ock- sh I t
coﬁ;onZnﬁgﬁgo?%g o re%gg S%£§SP?rfr ?stgggﬁ%pgagh%gﬁttgc%ﬁhfg Pgl base to

the magngl, £00P9s having a chamfered portion 40 corresponding

to the chamfered portion 38 formed on each of the ends of
the bar-shaped magnetic pole members 33b at the second
layer.

In a case of stacking two or more layers of the bar-
shaped magnetic pole members 33 as described above, it is
preferred to dispose an electrically insulative material
such as made of an insulative adhesive tape at required
positions between each of the layers.

By way of the foregoing steps, two layers of rectangulaf
magnetic pole portions each side having a size identical
with the maximum lateral size of the commercially available
non-oriented . silicon steel sheet is formed at the central
portion of the magnetic pole 30.

Further, bar-shaped magnetic pole members 33c shorter
than the length of the bar-shaped magnetic pole members
33a, 33b are disposed between the two-layered magnetic
pole members and the inner circumferential surface of the
ring-shaped support frame 34, to constitute a substantially
disk-like magnet piece.

The shorter bar-shaped magnetic pole member 33¢
may have a two-layeréd“étructure in the same manner

as the central portion of the magnetic pole, but the
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nents.

~workability. The bl ock-shaped
by two and the nunber of division blocks |
shape and the size, required properties, assenbling workability or the |ike

‘of "t he

In particular, in a casg ere the lamnating dire

non-oriented silicon steel she enn IQPOsi ng dire
magneti c poles, they can be |a 9? egrated with

RO i 27 PRk
tion ao;fvsmm D

determ ned dependi ng on the

object of the present invention can be attained also with
a single-layered structure.

A magnetic material ring 32 forming an annular
protrusion is disposed to the magnetic pole 30 on the side
opposing to the gap. The magnetic material ring 32 may be
disposed directly on the upper surface of the bar-shaped
magnetic pole members 33 but it is preferably disposed
to the outer circumferential edge of the magnetic pole 30
by way of a plurality (four in the illustrated embodiment)
of fixing blocks 31 disposed at required positions along
the outer edge of the inner circumference of the ring-
shaped support frame 34 as shown in Fig. 7.

By disposing diametrical slits 36 at 1 to 8 positions
(at one position in the illustrated embodiment).to the
magnetic material ring 32, the eddy current can be prevented.
However, if the number of the slits is increased, the ring
is divided excessively to make the assembling operation
complicate.

After forming the magnetic pole 30 by assembling each
of the members as described specifically above, when an
insulative synthetic resin such as an epoxy resin is cast
from the upper surface of the magnetic pole 30, the insu-
lative synthetic resin is filled through out the entire
portion of the magnetic pole 30 by way of fine gaps formed

with the insulative material 37 appended to each of the
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magnetic pole. For practnh@aheeu&zeBcemNbPlﬁéﬁ steel sheets ar gﬁgl%&ﬁn‘ IEB aﬁd5'c~N

integrated in a predeter ‘and about 40 to
bl ock- shaped magnetic pol

cut into a square shape mnth a S|ze

for. each side of about 50 O mmare preferably used to formthe
magnetic pole. Further, an |nsulat|ve | ayer is fornmed to the surface for
each of the silicon steel sheets, so that they are electrically insul ated
f r om eachbathseshappdnmagmetiti polandembertshad3 agatithef irmuldtoickes can al so
be insulated electri- cally by integrating individual blocks using an
i nsul at i veatapéadr appenided betvesnn each atft dihe devsrisactsofth@evstti ng

of the bar-shaped magnetic pole members 33 are bonded and

integrated in a state being insulated from each other and

a mechanical strength required as the magnetic pole can be

ensured.

In the above-mentioned constitution, since there is

no requirement for disposing the magnetic material base

below the bar-shaped magnetic pole members 33, the effect

of di#posing the non- oriented silicon steel sheets can

be attained effectively, and the effect of reducing the

eddy current and the residual magnetism phenomenon is more

excellent than that obtained with the constitution comprising

a combination of the block-shaped magnetic pole members 13

or 23 with the magnetic material base 21 or 22 of Fig. 1

or 3.

In the magnetic pole piece 30 in Fig. 7, the bar-

shaped magnetic pole members 33b constituting the upper

surface of the magnetic pole may be replaced, if necessary,

with the block-shaped magnetic pole member 13, 23 or 43 as

shown in Fig. 10 (Fig. 10 shows a constitution of disposing

the block-shaped magnetic pole member 13), the purpose of

the present invention can also be attained. Further, as

has been described above, the ctrip of . rectangular

sheet 50 shown in Fig. 8 may alsoc be used directly without
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each of the bl ock-shaped magn ers constitutin e
pol e, can further be inproved a substan- tially convex
_projection or a protrusion of a trapezo cross section can be di sposed
to the central portion of -13 - the magnetic pole to further inprove the
uniformty of the magnetic field as shown in exanples described | ater.

- using the bar-shaped magnetic pole member 33.

the occurrence of the eddy cﬂmﬁfﬂasmﬂﬂimheedby adj usting t

When the magnetic pole 10, 20 or 30 having the con-
stitution as described above is used in the magnetic field
generating device used for MRI, the non-oriented silicon
steel sheets have a high saturation magnetic flux density
(BS), and the magnetic field can be easily made uniform in
the gap. Further, since a plurality of thin sheets each
with a low coercive force (Hc) (hysteresis loss) and
electrically insulated from each other are laminated in this
constitution, an eddy current caused to the magnetic pole
is reduced even when GC pulses are applied to the gradient
magnetic field coils and it is also possible to-reduce the
residual magnetism.

Example 1

In a magnetic field generating device used for MRI
having the same structure as that in Fig. 12, R-Fe-B
series permanent magnets having (BH)max of 40 MGOe were
used, block-shaped magnetic pole members of a constitution
shown in Fig. 2 comprising non-oriented silicon steel
sheets having the properties as described below were laid
on a magnetic material base made of soft iron having the
properties as described below, and an annular protrusion
made of soft iron (slit at four positions) was disposed to
form a pair of magnetic poles shown in Fig. 1, with an

opposing gap being set to 500 mm.
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The bl ock-shaped magnetic pghg spRrisBen ”“ﬁ% di sposed dir et THiStgt-the v =
surface of the permanent magn i8hipposi ng to the gAp, butEP-ED H
entire mechanical strength ofiﬂ&& ol es can be i nproved, the

handling is nade easy and the i ng operation for the nmagnetic circuit
can be facilitated by disposing themon a pl ate-shaped nmagnetic materi al

base described later. By optimzing the ratio between the thickness for the
maghet i ¢ mat erTia¢ mhageebhd materhaitkbhase hed sheoblteckdighgped ndgnetic
pol e menber, the effects for naking the magnetic field intensity uniform

and prevéftihgue henddaytiickeessapfl 2heliesi dual magnetismthat are
required for

Rewo EcEnd

Further, the thickness of the various magnetic pole
members after disposing on the magnetic material base
(maximum thickness) was set to 25 mm. The thickness of
the non- oriented silicon steel sheet was set to 0.35 mm.
A square sheet sized 100 mm in each of sides was mainly
used for non- oriented silicon steel sheet.

The magnetic material base and the non-oriented
silicon steel sheets had the coercive force (Hc),
saturated magnetic flux density (Bs} and the specific
resistivity ( £ ) as shown below.

Magnetic material base (soft iron).

Hc = 80 A/m

Bs = 2.0 T

r - 1x 10"4_£}m
Non-oriented silicon steel sheet

He = 40 A/m

Bs = 1.7 T

P = 4.5 x 108 Om

Example 2
In a magnetic field generating device used for MRI

having the same structure as that in Fig. 12, an R-Fe-B
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the magnetic pole piece can be fully attained and, furthe [ﬂih nE"anlcalvé
strength of the magnetic pole conprising a pIurallty of bjiock- sﬁgped t
magneti c pol e nmenbers can be conpensat ed. Accordingly, theé I cKness ofr the ”
~magnetic material base should be selected properly so as to attain a -
required strength. The material for the magnetic material base is pre-
ferably pure iron, | ow carbon steel (soft steel) or the like. In addition

“tothe ceas&EEUbb@mau&hmgmhlg@eblsocx&vqm@ommmetdm mlvmmmmes as
descri bed above, another consti -
used, block-shaped magnetic pole members of a constitution
shown in Fig. 4 comprising non-oriented silicon steel
sheets were laid on a magnetic material base made of soft
iron and an annular.protrusions made of soft iron (slit at
four positions) was disposed to form a pair of magnetic.
poles shown in FIg. 3, with an opposing gap being set to
500 mm.
The non- oriented silicon steel sheet were mainly
rectangular sheets each of 15 mm height x 100 mm width,
and they were formed into two-layered square blocks sized

100 mm for each side. Other conditions were the same as

those in Example 1.

Example 3

In a magnetic field generating device used for MRI
having the same structure as that in Fig. 12, an R-Fe-B
series permanent magnets having (BH)max.4Q'of MGOe were
used, bar-shaped magnetic pole members of a éonstitution
shown in Fig. 7 comprising non-oriented silicon steel
sheets were laid on a ring-shaped support frame made of
soft iron and an annular protrusions made of soft iron
(slit at four positions) was disposed to form a pair of
magnetic poles each of 1050 mm outer diameter shown in

Fig. 7 with the gap between them being set to 500 mm.

Sheet Has Been Replaced

Q.




tution is al so provided as shown below, in ofder to nost ef éBﬂSﬁéﬁijuﬂfg“ i
utilize the maxi mum | ateral Bigdefacmemmpatal |y avail abl e §ilicofiEstieet” |

sheet coils. At first a plural ped magnetic po nenbers are
I te rectangul ar non-oriented
ong the thickness of. the

prepared by |am nating a plur

silicon steel sheets by a requ

sheet, and such a plurality of the bar-shaped hagnetic pole nenbers are
Integrated so @Eet bake shupRANaEneiilce pbad hinbed s [/ idpR sHd ecd itk on the

i nside of a ring-shaped support frame such that the |am nating direction of
t hem central portion of the magnetic pole had a size of 700 mm

length x 50 mm width x 20 mm height and they were disposed
in two layers as shown in Fig. 10. The material for the
ring-shaped support frame was identical with that for the
magnetic material base of Example 1. Other conditions

were identical with those of Example 1.

Comparative example 1

A magnetic field generating device used for MRI was
assembled quite in the same constitution as that of
Example 1 by constituting the block-shaped magnetic pole
members as shown in Fig. 2 by using non-driented silicon
steel sheets having the properties described below.

The .oriented silicon steel sheet had the coercive
force (Hc), the saturation magnetic flux density (Bs) and

the specific resistivity ( P ), respectively, as shown

below.
Oriented silicon steel sheet Hc = 4.8 A/m
Bs =1.8 7T
A = 48 x 1078 Om.

Comparative Example 2
A magnetic field generating device used for MRI was
assembled quite in the same constitution as that in

Example 1 except for constituting the magnetic pole with
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agrees with the directi onTh -‘I‘?mfﬂ t he opposi ng diﬁf?ﬁtﬂﬂﬂﬂf!ihedi H
magneti c pol e pieces. The ﬁ e bar -shaped magné! e p@lﬁi@*f.,rré@_e__r______;g
al ong the | am nating direct ] bly from 30 mm t o (3= r-view "
of the nechanical strength, |am nating workability or handling property. In
the present invention, the annular protrusion conprising the magnetic

material ring disposed to the magnetic pole piece on the side opposing to

the gap cBi®be2REdELEF pbfe theosameoRheREDETOR ddle (udtk matmmiak the |i ke,
and the proérusion naé be di sposed to the circunfe- rential edge of the

magnet i c Wai®rPEl tBgsgaBe SREL, ixgn as the base.

In the magnetic field generating devices used for MRI
of Examples 1 to 3 and Comparative Examples 1 and 2 shown
below, measurement was conducted for the uniformity of the
magnetic field, the magnetic field intensity and the effect
of reducing the eddy current caused by the gradient magnetic
field coils, as well as, the residual magnetism caused by
GC pulses.

As a result, uniformity of the magnetic field of 30
ppm and the magnetic field intensity of 0.2 T were obtained
as measured values in the measuring space within a radius
of 200 mm from the center of the gap both in Examples 1 to
3 and Comparative Examples 1 and 2.

The results of the measurement for the eddy current
and the residual magnetism are shown in Table 1. The
eddy current was evaluated by the magnetic field inte-
nsity ratio when a sinusoidal wave at 1000 Hz was given, while
assuming the intensity of the gradient magnetic field
given by a direct current as 1 (greater wvalue is better), and
the residual magnetism is represented by a relative ratio
assuming the residual magnetism as 1 in the constitution

of Comparative Example 2 (change of the uniformity).
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shaped support frame, or dirgctdy, diSnasesista the upper sujfaggcof.the . . . .
C

bl ock- shaped nagnetic pole ne r-shaped magnefi pote-nenber s
or the Ilike. In any of the EBN\M as descri bed abewer=itigmoirioni
destrabl e to divide the annul i y di sposing one or nore of

slits with an aimof reducing the effect of the eddy current. It is also
desirable to apply electric insulation between the magnetic material base
or fhe ring- shaped support frane anghide annul ar protrusion or between

Example Comparative Example
1 2 3 1 2

non- oriented - Si steel Oriented Si Bulk

sheet steel

Fig.1 Fig.3 Fig.7 Fig.12
Eddy
current 0.8 0.8 0.95 6.8 0.2
Residual 0.5 0.5 0.3 0.8 1
magnetism

As apparent from the examples, when the magnetic
poles comprising a pluralify of block-shaped or bar-shaped
magnetic pole members formed by laminating and integrating a
Plurality of non-oriented steel_sheets are used for the '
magnetic field generating device used for MRI, the magnetic
field in the gap can be made uniform and there can be
obtained effects of reducing the eddy current céused by
the gradient field coils, as well as reducing the residual

magnetism caused by GC pulses.
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the magnetic material base or the ring-shaped support frame
bl ock- shaped nagnetic pole neqﬂggh t he bar-shaped magneti g ~ Lo |
Figs. 1(a), (b) show a top pl a m nRepiscansver sal crosfl_sectional. V-I HELY V-

o w

itlustrati ng one enbodi nent of ein a nagnétlc Tield

generating device used for he present |n
magnetic pole 10 conprises a rragnetlc materl al base 11 con ‘I”ﬂm lwl"lm
di sk-shapegd ss@ft iron, a magnetic material ring 12 made of 0

rectangul ar cross sectlonal shape di sposed circunferentlally al ong the

peri- phery. of the mRgnetie rPéedi ghnbPseidd 40¢18.PLEE]! kb RhR1
having a pair of magnetic poles opposed to each
other with a gap formed therebetween and generating a
magnetic field in said gap, wherein
the magnetic poles formed by laminating and integrating
a plurality of non-oriented gilicon steel sheets are

disposed.

2. A magnetic field generating device used for MRI as
defined in claim 1, wherein the magnetic pole comprises a
plurality of block-shaped magnetic pole members formed by
laminating and integrating a plurality of non-oriented

silicon steel sheets,

3. A magnetic field generating device used for MRI as
defined in claim 2, wherein

the direction of laminating the non-oriented silicon
steel sheets constituting the block-shaped magnetic pole
member 1s identical with the opposing direction of

the magnetic poles.
4. A magnetic field generating device used for MRI

as defined in claim 2, wherein

the direction of laminating the . non-oriented silicon
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bl ock- shaped magnetic pole nenbers 13 | aid on _the upper sy o—te 1
magnetic material base 11. The bl ock-shaped magnetic pol e [n@hisepis: 13" arem-.-ﬁ
usual |y secured by neans of synt heﬂ! mﬁ,‘u Hu es to tthhe magtieti¢ -~ "
mat eri al base 11. The nagnetic nat e of softiTon of a "
rectangul ar cross sectional shape dlsposed C|rcun?erent|ally al ong the
perlphery of the magnetic nmaterial base 11 serves to make the hei ght of
t he ‘magnets el @hé@t@nlkhenspéeP@ﬁd‘iBﬁlQHt €6 €heCupbBEENEe drale]chhan

ot her portions, to
of the magnetic poles

S. A magnetic field generating device used for MRI as
defined in claim 4, wherein the block-shaped magnetic pole
piece member comprises two layers and the respective

layers are laminated and integrated such that the laminating
direction of the non-oriented silicon steel sheets
constituting each of the layers are different by 90° from

each other.

6. A magnetic field generating device uéed for MRI as
defined in claim 2, wherein the block-shaped magnetic pole
member comprises two layers, in which the direction of the
laminating non-oriented silicon steel sheets constituting
one.of the layers is identical with the opposing direction
of the magnetic poles, while the direction of laminating the
non-oriented silicon steel sheet constituging the other

of the layers is in perpendicular to the opposing direction

of the magnetic poles.

T. A magnetic field generating device used for MRI as
defined in claim 2, wherein a plurality of block-shaped
magnetic pole members are arranged and disposed on a

plate-shaped magnetic material base.
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concentrate nmagnetic fluxes to a required gap and inprove thaHEROT Tt .IoN

l

The ring is secured to the magne

while interposing. a insulative Hmlmﬁﬂﬂlﬂllmﬁﬂllﬁi P?/ngeim;;:———:

Fur t her,

(divided into eight portions in the illustrated enbodi nent) to di spose
diametrical slits 16, thereby reducing the effect of the eddy current.

the magnetic material ring 12 i5 dividded circunferentially

The

bl ock- shaped naghenagnpdie fitabdr geéferatingstievitet adeds fomoWRIi asFig. 2.

That is,

t he bl ock-shaped nmagnetic pole nenber 13 is fornmed by nerely

| ami nat i riéeBipedr ani eyadh honwbereaned plurality of non-oriented

silicon steel sheets each comprises a strip of

rectangular sheet and they are Xaminated and integrated

along the direction in perpendicular to the opposing direction

of magnetic pole piece.

9. A magnetic field generating device used for MRI as
defined in claim 8, wherein the magpnetic pole comprises a
plurality of_ggr-shappd magnetic pole members formed by
laminating and integrating non-oriented silicon steel
sheets each in the form of a strip of rectangular

sheet along the direction in perpendicular to the opposing

direction of the magnetic pole.

10. A magnetic field generating device used for MRI as
defined in claim 9, wherein the bar-shaped magnetic

piece members are laminated. and integrated ‘into two layers
and disposed such that the direction of laminating the non-
oriented silicon steel sheets constituting each of the

layers is different by 90° from each other.
11. A magnetic field generating device used for MRI as

defined in claim 9, wherein a plurality of bar-shaped

magnetic pole members are arranged and disposed on the
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silicon steel sheets along the direction of their thick- n S$Hkgmuegratm.ga ﬁ
them by inpregnation of an insulative resin or the |like toiform & i
essT™

bl ock-shaped magnetic pole nenber 13 of a predeterni ned thit

contrary, if oriented (ani sotropic) silicon steel sheets are used for
the silicon steel sheets, the coercive force in the rolling direction is
extrenely small, whereas the coercive force is increased iﬂﬂﬂﬂ

per pendi cidsirdg het ed orihgeskapedasdppbetencamet the coer mmmaut

one digit relative to that in the rolling direction). Accordlng?y
difference is '

12, A magnetic field generating device used for MRI as
defined in claim 1, wherein the magnetic pole comprises a
plurality of block-shaped magnetic pole members formed by
laminating and integrating a plurality of non-oriented’
silicon steel sheets and arranged and disposed on a layer
formed by arranging and disposing a plurality of bar-
shaped magnetic pole members formed by laminating and
integrating a plurality of non-oriented silicon:steel
sheets each comprising a strip- of rectangular sheet. ™.+,
along the direction in perpendicular to the opposing

direction of the magnetic poles.

13. A magnetic field generatiag device used for MRI as
defined in claim 1, wherein the thickness of the non-

oriented . silicon steel sheet is less than 1.0 mm.

14. A magnetic field generating device used for MRI as
defined in claim 2, wherein each of main block-shaped
magnetic pole members comprises a square sheet each side

sized from 50 mm to 200 mm.

15. A magnetic field generating device used for MRI as

defined in claim 9, wherein the thickness of each of the
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caused depending on the rolling direction also to the re5|dﬁHK5&HQMEtﬁsmf*H {
and the effect of reducing tammﬂu“\m |sm becomes |j nsuf Fifel-6/t-%as a
whol e as conpared with the c ng the non-ofrented Sfifcon -
steel. sheets. Further, in vitw %f “thé effect on the uniformty of the
magnetic field, it is necessary to nake the rolling directions different
90[err] between each of the silicon steel sheets, which results in a
dr awback OEaEOBHBEEat tnagnu&@cl 3ol RakhleRsh 33d iinNtee @Ia{nﬂgia(lﬁ&fgatdl%cﬁ&rh a
plurality of bl ock-shaped nmagnetic pol e nenbers

is from 30 mm to 100 mm.

1s. A magnetic field generating device used for MRI as
defined in claim-l, wherein an annular protrusion
comprising a magnetic material ring having diametrical
slits at one or more positions is disposed on the side of

the magnetic pole opposing to the gap.
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13 are arranged so as to forma substy shaped dpAHiYEHEET bRSEEEN |
l

b Eabbypdl SK- at| or
shown in Fig. 1. At the central port' h /1 , ;,‘f" of JLhe miUWe#CEL
pol e 10 opposing to the gap, bl ock-shafkg OiiElY! #lipol e nmenber s 13 of -
di ff=erent thickness are used in order to Tornm'&#dighvex projection 14 of a
required dirfaggte? and the uniformty of the magnetic field can be inproved
by the conveX®-p S‘]ection. Further, a core 15 made of soft iron is disposed

tic field coils. Figs.

substrate for nounting gradi ent mag
a top plan view and a transversal

constitutes
3(a), (b) sh

at the centrgs portion of the magnetic materi aIFbgselbl and this
€

-

— |4

— 15




cross sectional viewillustrating anotheg enbodinent of th -ﬁﬁg@#@k@;pgjg%éﬁi@

In the magnetic field generating devic dhi@£ NRI‘ﬁCCor I ng t@epxced
present invention. -18- A magnetic f ] :j%'ﬁ?hﬁﬁs a ; ;
base 2L consisting of a di sk-shaped sof | i

ginetic material ring 22
made of soft iron of a rectangular cross secti"@w{g#sposed circunferentially
al ong the periphery of the magnetic material base 21 and a plurality of
bl ock-

Fig 4




ThResHBONELS BEEN

shaped nagnetic pole nenbers 23 | aid GhisShe: iieB&H rRepLLACE
_are mepahtyo

mat eri al base 21. The bl ock-shaped nmag [T ers 2
secured by nmeans of synthetic-resin ad Qﬂuﬁ magnet
21. “The magnetic material ring 22 made of 'S f a rectangul ar cross
sectional shape disposed circunferential along the periphery of the
magnetic nmaterial base 21 serves to nake the height of the magnetic pole 20
on the side of the outer circunference higher than other -portions, to
concentrate nmagnetic fluxes to a required gap and improve-the-uniformty.
The ring is secured to the nagnetic naterial base 21 by neans of bolts
while interposing a LRI R

g o
a

LA | LY

Fig 6

50




magnetic material ri ng ircunferentially (di /| ded pm@\:f:qmr

portions in this errbod ose dianetrical slits Re—=thereby

I nsul ative materi al bﬂtmeenﬂasm% iﬁi 2 and the base 21 andyHigisHhet 1ashgEEN

redycing the effect of ent:.. The bl ock-shaped magnetic pole
menber 23 is consti- tuted as shown I n F|g 3: That |s t he bl ock- shaped
magneti c pol e nenber 23 shown in Fig. pgeer d by formng snmall

bl ocks 23a, F:g 7a

J/ 30 ' 36 / 30

35 //"_f |~\\\
= A 33
// . N
/'35 “ /o [ [ o\ [ & 32
74 // AN N\
33b // / \\
/ \ \
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3 I | s
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o /1 o 31
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23b by lam nating and integrating a plurality of non- oriEented ST T Con !
steel sheets along the direction of their thickness and, Ltﬁéﬁe fiter A2 SEEN ,i
Ian1nat|ng the smal|l bl ocks 23a, 23b into a predeternlne .thcknessf§nch

t hat™t he | ami nating directions are dﬁffereﬁé by 90[err] from each other in.
order to inprove the uniformty of t ti.c field. Further, it is
prefgrred to select the thickness for each of the small bl ocks and

| am nating and varkﬁg
bl ock- shaped magne 7o) ¢
substantially dis' k-1 &g

Fig IO

W
D

NN\

Q\

T

33a 37




configuration as shown in Fig. 3. At the central portiop BHSIHEESHASRBREENS
the magnetic pole 20 opposing to the gap, bl ock-shaped Hagnet#EripgiEd
menbers 23 of different thickness are used in order to F&Fma TONvex
profection 24 of a required dianeter, so that the uniformty of the
maghetic field can be inproved by the convex projection.. Further, a core
25 nmade of soft iron is disposed at the central portion of the magnetic
materi al base 21 and this constitutes a substrate for nounting the gradi ent
magnetic field coil. Fig..5is a persfbégt.iygdi ew illustrating a further
enbodi nent of the bl ock-shaped magnetic “pol e nenber

i
|
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i >\\\ NN N NN A
2
5
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6 5
7 o ST Ty (____,V’_—Z
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i
} PRIOR ART
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20- - constitutin magnet i oIe in accordance with | heypeesentias BEEN
I nvention. The ill neg ﬂ W aped magnetic pole rre_ ber 43_m_grmnn ses

smal | bl ocks 43a, 4 non-oriented steel sil
| am nated in differ betmeen the bl ocks and integrated to each
other into a predetermned t |ckness That is, the small block 43a
conprises a plurality of

ABSTRACT OF THE DISCLOSURE

A magmnetic fieid generating device used for MRI

having a pair of magnetic poles opposed to each

other with a gap formed therebetween and generating a
magnetic field in said gap, wherein the magnetic poles
formed by laminating and integrating a. plurality of non-
.oriented .. silicon steel sheets are disposed. The eddy
current generated in the magnetic poles caused by the
application of GC pulses can be reduced and the

phenomenon of the residual magnetism can also be reduced.
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non-oriented silicon steel 'sheets lanm nated and integ- rated al ong the
diyecti'on perpendicular to the opposi ng direction of the magnetie—pokes=—
whereas the small bl-ock 43b conprises a plurality of nof-eriented:st EKCER H
steel sheets lanminated and integrated al ong the opposing dlrectlfg @tTthe~
magneti ¢ pol e. The bl ock-shaped magnet i<l pol e nenber 43hcan als eyl
di sposed in the same manner as the bl ock-shaped magneti d-—pak
of the magnetic pgzﬁkgggmﬁé Sg@fg4gl and Fig. 3. The bl ock-shaped nagnetlc
pol e nmenber 13, 2 Nrably enpl oyed sel ectively, in view of the
shape and

MAGNETIC FIELD GENERATING DEVICE USED FOR MRI

— i Al

BACK GRQUND OF'THE INVENTION
Field-éf the Inygntion

The present in?ention concerns an improvement for a
magnetic field generdting device used, for example, in a
magnetic resonanée iﬁéging apparatus {(hereinafter
referred to as MRI) for medical, in particular, use and it
relates to a magnetic field generating device used for

MRI, in which a pair of magnetic poles constituted by

laminating and integrating a plurali itv o

L)

non-orientead
silicon steel sheets are opposed to each other with a gap
defined therebetween, for reducing the eddy current and
the phenomenon of residual magﬁetism in .the magnetic poles

causgd by gradient magnetic field coils, without deterio-

rating the uniformity of the magnetic field in the gap.

Description of the Prior Art

MRI is an apparatus adapted to partially or wholly
locating a person to be diagnosed in a gap of a magnetic
field generating device that generates an intense magnétic
field, for obtaining a tomographic image of an object and
capable of showing as far as the property of the tissus

thereof.

s . .
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the size of the magnetic pole, the shape and the size ofJ“Qﬁ:thCKﬁghﬁpﬁﬁf‘i
magnetic pol e nenber, required effects for reducing the ,bdyybﬁrréﬁf’éﬁdﬁT '
the residual magneti-smand, further, the workability for [stacki

| i ke. The foregoing descriptions have been nmade to a caséib”‘bfﬂpﬂqugxbﬁgﬁ'
constituting the magnetic pole by using2a plurality of block-shaped-
magnetic pole nenbers. In a case of lamnating and integrating the non-
oriented silicon steel sheets along the direction

In the magnetic fleld generating device used for the
MRI described above, it is necessary that the gap has such
a space as capable of partially or wholly locating the
person to be diagnosed and it is also required to form a
stable intense magnetic field usually of 0.02 to 2.0 T and
at an accuracy of less than 1 x 10™% in an image pick-up
view field in the gap, in order to obtain a clear tomo-
graphic image.

A known magnetic field generating device used for MRI
has a constitution as shown in Fig. 12(a), (b) in which a pair
of components 1, 1 made of permanent magnets are opposed
to each other as a magnetic field generating source, with
one end of each of them
being secured with a magnetic pole 2
and the other ends of them are connected by means of yokes
38, to generate a static magnetic field in a gap 4 defined
between the mggnetic poles 2 and 2. |

An annular protrusion 5 is disposed at the periphery
of each of the magnetic poles 2, 2 in order to improve the
uniformity of the magnetic field distribution in the gap 4,
and it is usually made of a plate-sgaped bulk (one piece
product) prepared by scraping from magnetic material such
as electromagnetic soft iron or pure iron (refer to Japanese
Patent Laid Open Sho 60—88;07).

L

GLladiemt magnetic field colils 6 disposed in the Viq?} .

H “s




identical with the opposing direction of the nmagnetic poles if _the surfaces
area for each of the non-oriented silicon steel sheets tOQ,Iar eﬁ-,haﬂﬂ ﬂ
‘ai med effect of reducing the eddy current is deterlorateJ\ H
the constitution of adopting a bl ock shape of a required ﬁlz can} Ge- sa;@ﬂﬁli

particularly effective. In a constituti®dn of |am nating au::#gggggaiiingzzsu
non- oriented silicon steel sheets each conprising a strip o
rectangul ar plate 50 as shown in Fig. 6 along the direction perpendicul ar

to the opposing direction of the magnetic pole, since the thickness (T) is
as thin as less than 1 nm it is possible to attain the ained effect of

nity oé each of the magnetic poles 2, 2 usually comprise
three sets of coil groups corresponding to three directions
X. ¥ and Z for obtaining positional information in the gap
4, but they are described simply in the drawing.

When a Qﬁif? current is applied to the gradient
magnetic field coils 8, a gradient magnetic field changing
with time in a trapezoidal wa?eform can be generated in a
desired direction.

Wheg the pulse current is caused to flow ia the
gradient magnetic field céils 6, since the magnetic poles
2 are composed of tﬁe plate-shaped bulk as described
above, magnetic field changes abruptly upon<;;sing and ..
falling of the current to induce an eddy current in the
magnetic poles 2, 2. '

) Since the eddy current forms a magnetic field in the
direction opposite to the magnetic field formed with the
gradient magnetic field coils 6, it takes a long fime for
the gradient magnetic field to reach é predetermined
intensity.

As a means for overcoming the foregoing problem, there
has been proposad a magnetic field generating device using,
as the magnetic pole, a plate-shaped laﬁination comprising soft
magnetic thin £ilms such as permélloy st2sl shests or amorphous
steel sheets which are laminated with the plans of lamination

being in perpendicular to the plane of ths magnatic pole, and



Teducing the eddy current, as well as the reducing the resj-dual" nagnetrsm ;“ﬂ
Construction of a nagnetlc pole with a diameter of about 1F00 nn1by s ng==t o
'such thin sheets would result in a problemin view of the an1nat nOEWdﬁEﬁ W
|ntegrat|ng operation, but use of a ring-shaped support fra#ﬁf Y R L
appropriate jig or the like as described | ater for the enbodrment SHown 1A
Fig. 7 enables to apply them even to mass production. Figs. 7(a), (b) show

a top plan view and a transversal

are arranged and integrated in two layers such that the
laminating directions are diffsrent by about 90° from each
other (Japanese Patent Laid Open Sho 61-20360S), or a
mégﬁétic field generating device using a magnetic powder .
of high specific resistivity (Japanese Patant Laid Open
Sho 63-25907).

However, the constitution described above intended
for the reduction of the eddy current still involves a
problem that the magnetic poles are magnetized by the
magnetic field formed with the gradient magnetic field
coils (GC), and the uniformity of the magnetic field in
the gap is distorted by the residual magnetism to the
magnetic hysteresis phenomenon (residual magnetism pheno-

menon} even after the interruption of the GC pulses due.

SUMMARY QF THE INVENTION

In view of the present situations described above for
the magnetic pole in the magnetic field generating device
used for MRI, it is an object of the present invention to
provide a magnetic pole capable of reducing the formation
of_an éddy current thereby increasing a gradient magnetic .

—

field to a predetermined intensity in a short period of
time without deteriorating the uniformity of the magnetic

field in a gap.

Another object of the present invention is to provide



22- cross sectional view illustrating another enbodi nent of.the. -megnetie—-;,
pole in the magnetic field generating device used for N#Ihappp dﬂngqtm'the

present invention. This is a‘'constitution for nost effect
the maxi mim | ateral Wi dth of commercially avail abl e non-

oéﬁgﬁtﬁta',ébf'ﬁﬂﬁ (

steel sheets. That is, the maxi mum | at€fal w dth of a conwetera
avai l abl e non-oriented silicon steel plate is 1220 mm and,

i f the out er

di aneter of the nagnetic pole is greater than this, no magnetic pole of a

required outer dianetrical size can be obtained by nerely
non-ori ent ed

| am nating such

a magnetic pole capable of reducing the phenomenon of

residual magnetism thereby obtaining a clear image at a

‘high sensitivity.

A further object of the present invention is to
provide a magnetic pole that can easily be fabricated and
manufactured, has high mechanical strength and excellent
workability for assembling.

The present inventors have made various studies for
attaining the foregoing objects in the magnetic field
generating device used for MRI and, as a result, have

found that the eddy current and the residual magnetism

caused by the gradient magnetic field coils can be reduced

without reducing the magnetic field intensity and the

uniformity of the magnetic field by ceonstituting a pair of

magnetic poles opposed to each other with & gap defined

therebetween into a required shape, by laminating and inte-

grating a plurality of non-orientéd silicon steel sheets: ..

That is, the foregoing object can be attained in
accordance with the present invention by a magnetic field
generating device used for MRI, comprising a pair of
magnetic pole piece. opposed to each other with a gap'
defined therebetween and generating a magnetic field in
the gap, wherein

magnetic ples formed by laminating and integrating

a plurality of non-orieated siliceon steel sheets are



silicon steel sheets along the direction perpendicul ar to he=oppesiAg=———"—"7
direction of the magnetic poles. Further, the nunber of t Rﬁehw@mtehiéﬁiiT
silicon steel sheets exceeds 3000 and the operation for im nat i g?qﬂg'ﬁﬁﬁ |
integrating themal so becones extrenely troubl esome. A na hétﬂc B ------ pt-ece l
30 shown in Fig. 7 has a feature of efftéetively utilizing &= Far-shaped
magneti c pole nenber 33 having an entire length which is equal with the

maxi num | ateral size of a commercially avail able non-oriented silicon steel
sheet coil as shown in Fig. 8. The bar-shaped magnetic pol e nenber 33
conprises a plurality of elongate rectangul ar non-oriented silicon

disposed.

The direction of laminating the non-oriented silicon
steel sheets adopted ;n the present invention can be the
opposing direction of the magnetic poles, the direction in
perpendicular to the opposing direction of the magnetic
poles or the combination thereof.

In a préferred embodiment of the magnetic field gene-
rating device used for MRI according to the present inven-
tion, the magnetic pole comprises a plurality of block-

shaped mawneulc pole members or bar-shaped magnetic pole

N o e s

members to be described later.

- In particular,minla case of using the block-shaped
magnetic pole members, the entire mechanical strength of
the magnetic poles can be improved and handling for the
magnetic pole can be facilitated by arranging a plurality
of block-shaped magnetic pole members on a plate-shaped
magnétip material base, to form a magnetic pole.

Further,ﬂgn a case of using the bar-shaped magnetic
pole members, assembling work can be facilitated by dis-
poéing a2 plurality of bar-~shaped magnetic pole members so
as to be suspended at the inside of a support frame and,
further, since a required mechanical strength can be 0b-
tained without using the plate-shaped magnetic material
base as described above, it can provide a particularly

effective constitution for the reduction of the residual




steel sheets |aminated along the direction of the steel —and_..._. .. __
integrated into a bar-shape of a predeterm ned wi dth EEp AW - by-ﬂansﬂ
of insulative adhesives. Further, a chanfered portion 38ljis forned to eachi
of | ongitudinal- ends of the bar-shaped magneti c pole ne ,e;__;;BQ,_fm QcT. 1996 Il
facilitating the disposition to a ring-shaped support fri

described later. Further, an insulative material 37 conpri5|ng, for

exanpl e, an insulative adhe-

- A s -———-—l

magnetism.

Furcther, 1t has been found in accordance with the
present invention that uniformity of the magnetlic
field can further be improved in the constitution in which
the magnetic pole is formad by laminating the non-oriented
silicon steel sheets, by disposing an annular protrusion
comprising a magnetic material ring having at least one
slit disposed in a diametrical direction at one or more
positions on the side of the magnetic pole opposing to
the gap.

The magnetic field éenerating device used for MRI as
an object of the present invention is not restricted only
To the embodiments to be described later but can be applied
to any of constitutions so long'as a pair of magnetic poles
are opposed to each other with a gap defined therebetween,
"for generating a magnetic field in the gap.

That is, the magnet component as the magnetic field
generating source is not restricted only to the permanent
magnet but an electromagnet or the like may also be adopted.
Further, the magnetic pole may not necessarily be disposed
directly to the magnetic component. Further, the shape,
size or the like of the yoke for generating the magnetic
paths in the gap by magnetically connecting the magnetic
components with the pair of the magnetic poles may also be

selectad properly depending on various properties such as



sive tape made of a thin polyurethane tape or the |ike is.appended at_a

predeterm ned position at |east on one side of the bar-sha@@dLﬂggw_ungRQ&e
menber 33 for facilitating the integration of the magnetijc pole piece [

means of an insulative synthetic resin to be described |at grm,Byl osiif

I nsul ative material 37 for the bar- sh&ped material, insukat+en—ean

Dﬁ-@%&l

conplete at | east between the bars as conpared with the case of nerely
|l am nating the.silicon steel sheets and it can be said effective for the

reduction of the eddy current. A plurality of the thus constituted

bar - shaped magnetic pole nenbers 33 are arranged and nounted in one
di rection,

the siie of the gap required, magnetic field iatensity,

magnetic field uniformity or the like.

BRIEF DESCRIPTION OF THE DRAWING

Figs. la and 1lb show a top plan view and a transversal cross

sectional view illustrating one embodiment of a magnetic
pole in a magnetic field generating device used for MRI
according to the present invention, which illustrates a
particular case of disposing block-shaped magnetic pole
members comprising non—oriénted Silicon steel sheets
laminated -in ‘the opposing direction of the magnstic poles.
Fig. 2 is a perspective view illustrating an embodi-
ment of a block-shaped magnetic pole member constituting

the magnetic pole shown in Fig. 1.

Figs..3a and 3b show..a.top plan view and~a transversal cross

secticnal view illustratlng another embodiment of a magnetic
pole in a magnetic field generating device used for MRI
according to the present invention, which illustrates a
particular case of disposing block-shaped magnetic pole
member comprising non-oriented silicon steel: sheets -’
stacked in pevrpendicular to the opposing direction of the
magnetic poles.

Fig. 4 is as perspective view for the block-shaped
magnetic pole member coastituting the magnetic pole shown

in Fig. 3.



with the laminating direction being in perpendicular to the_opposing
direction of the magnetic pole.by nmeans of a ring-shaped Tr" lnfﬁa"“
having an L-shaped cross sectional shape as shown in Fig.| '
of the bar-shaped nmagnetic pole nenbers 33 are arranged at—
ri ng-shaped support frame 34 and, in of®er to nmuch facili "‘;tﬁﬂﬁ """ the "
central portion of the ring-shaped support frame 34 is cut out into a
rectangul ar shape in this invention, so that the

|
it

el

Fig. 5 is a perspective view illustrating an embodi-~
ment of other block-shaped magnetic pole member than the
block-~shaped magnatic pole member shown in Fig. 2 and Fig. 4.

Fig. & is a perspective view of a strip of rectaangular
plate comprising non-oriented silicon steel sheests consti-
tuting the magnetic pole.

Figs. 72 and 7p show a top plan view and a transversal cross
sectional view illustrating a further embodiment of a magnetic
pole in a magnetic field génerating device used f£for MRI according
to the prasent invention, which illﬁstrates a perticular case of
dispasing bar-shaped magnetic part pole members ccmprising non-
oriented steel silicon shests laminated in perpendicular to the
cpposing direction of the magnetic poles.

Fig. 8 is a perspective view of the bar-shaped
magnetic pole member constituting the magnetic pole shown
in Fig. 7.

Figs. 9 and 10 are explanatory views for the details
of a portionlcf the magnetic pole showﬁ in Fig. 7.

Fig. 1l is an explanatory view for the datails of a

rtion illustrating another application embodiment of the
magnetic pole shown in Fig. 7.

Figs. 12a and 12b show a longitudinal cross sactional view ~

and a transversal cross sactional view of an existant magnetic

fiald generating device used for MRI.



mounting can be conpleted by nerely arranging the bar- shaped nagnetic pol e
menbers 33a in one direction. The rectangular i nner circufj LﬁntLar eﬁg@ QI'
the frame forned by cutting out the ring-shaped support f J X' s tor med L
with a chanfered portion 39 simlar to the chanfered port Qn.,, 38 fﬁrﬂEﬁ @@6 l
t he bar-shaped nmagnetic pol e nenber 33d0-The foregoing e gl et ¥ Y ﬂ
Illustrates a structure of nounting the bar-shaped nagnetic pole nenber 33a
by neans of the chanfered porti.ons 38, 39 for each of them but the
chanfered portions may be replaced with other nounting neans such as

fitting or the I|ike.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Description will now be made to preferred embodiments
of the magnetic field generating device used for MRI
according to the present invention, in which a pair of
permanent magnets are used as a magnetic field generating
source. .

As the permanent magnet for the magnet component used
in the magnetic circuit, ferrite magnet, alnico magnet and
rare earth cobalt magnet can be used. In particular, the
size of the magnet component can be reduced remarkably by
using an R-Fe-B series pérmanent magnet that exhibits an
eXtremely high énergy product of greater than 30 MGOe, in
which R represents light rare earth elements mainly com-
posed of Nd or Pr abundant in view of resource and B and
Fe are incorporated as the main ingredient.

The feature of the prssent invention resides in form-
ing a magnetic pole by laminating and integrating a plurality
of thin silicon steel sheets. The silicon stsel sheets
used herein are non-oriented silicon steel sheets with
no directionality in the direction of the axis of easy
magnetization (§E§-C 2552, etc.), which has a particularly
great effect of reducing the residual magnetism.

The thickness of the silicon steel sheet constituting
the magnetic pole may be optional. However, an excessive

thickness is not preferred in view of the rveduction of the



Further, if the bar-shaped pol e piece nmenbers 33 are |am nated by two.or .
nor e Iayers with their |am nating directions being dlfferent Ly 90[err] f_u
yiew of the further :inprovenment for the uniformty of the qﬁgnetlc field, a
constitution as shown in Fig. 10 may be enpl oyed. That |s,hthe pat - e&ﬁﬁ

plurality of bar-shaped magnetic pole nenbers,33b constltutlng t he second

| ayer are further disposed on the upper surface of the first layer with the
| am nating direction being diffe- rent by 90[err]. Further. the two | ayers
of the bar-shaped

eddy curreat and, in view of the fabricability or the like
the thickness is desirably less than 1 mm. It is preferably
selected from commercially available materials (for example,
having thickness of 0.3 mm, 0.35 mm etc.) in view of easy
availability.

The foregoing effect can be obtained by using the
non-oriented silicon steel sheets but, if the sicicon .
steel sheets are laminated only in ona direction for the
entire plate-shaped lamination that constitutes the magnetic
pole as shown in the prior art (Japanese Patent Laid Open
Sho 61-203805), the operation for laminating and integration
becomes extremely complicate.

In view of the above, the present inventor proposes a
constitution of providing excellent workability for laminating
and assembling, in which a plurality of block-shaped magnetic
pole members are once formed each by laminating a plurality
of rectangular non-oriented.silicon stesl sheets eacg
of & predetermined size in the opposing direction of the
magnetic poles or in the direction perpendicular to the
opposing direction of the magnetic poles, and such a plu-
rality of block-shaped magnetic pole members are secured
directly to magnet components, or secured by way of a
plate~shaped magnetic material base to the magnet compo-
nents.

In particular, in a case where the laminating direction



‘magnetic pole nmermbers 33a and 33b are firmy secured by .the ring-shaped
support franme 34 by neans of a fixing plate 35 having a q@gqﬁered“po;tlgﬂl]
40 corresponding to the chanfered portion 38 fornmed on gach of'krgq?ﬁ

t he bar-shaped magnetic pole menbers 33b at the second Jiaygs. Wir °of
stacking two or nore |layers of the bari2shaped magneti clipate—penher§”
descri bed above, it is preferred to dispose an electrically insulative
mat erial such as nmade of an insul ative adhesive tape at required

of the non-oriented silicon steel sheets is in the
opposing direction of the magnetic poles, they can be
laminated and integrated with an extremely good workabiligy.

The block-shaped magnetic pole members are disposed
at least by two and the number of division blocks is
determined depending on the shape and the size, required
properties, assembling workability or the like of the
magnetic pole. For practical use, silicon steel sheets
are aminated and integrated in a predetsrmined direction,
and about 40_to 200 blocks of such block~shaped magnetic
pole members each cut info a square shape with a size for
each side of about 50 mm to 200 mm are preferably used to
form the magnetic pole. )

Further, an;;psulativellaygr is formed to the surface
for each of the silicon steel sheets, so that they are
electrically insulated from each other upon lamination and,
further, each of the blocks can also be insulated electri-
cally by integrating individual blocks using an insulative
tape or ipsulative resin, to attain an effect of preventing
the occurreﬁce of the eddy current.

Further, by adjusting the thickness for each of the
block-~shaped magnetic poie members constituting the magne-
tic pole, can further be improved by disposing a substan-

tially convex projection or a protrusion of a trapezoidal

cross section can be disposed to the central portion of



‘posi tions between each of the layers. By way of the foregoing . steps __two

| ayers of
jdenti cal
oriented

rect angul ar nagnetic pole portions each side haum@gianst;eqs.ssy
with the maxinum | ateral size of the conmercialjly avai @f E non-
silicon steel sheet is formed at the central |pefgid.on OCel

..............................

magneti c pole 30. Further, bar-shaped-ifgnetic pol e nenbdbs-33g-sherter
than the length of the bar-shaped magneti c pole nenbers 33a, 33b are

di sposed between the two-|ayered magnetic pol e nenbers and the inner
circunferential surface of the ring-shaped support frame 34, to constitute
a substantially disk-1ike magnet piece.

the magnetic pole to further improve the uniformity of the
magunetic field as sﬁown in examples described later.

The block-shaped magnetic pole members may be disposed
directly to the surface of the permanent magnet component
opposing to the gap, but the entire mechanical strength of
the magnetic poles can be improved, the handling is made
easy and the assembling operation for the magnetic circuit
~can be facilitated by disposing them on a plate-shaped
magnetic material base described later.

By optimizing the ratio between the thickness for the
magnetic material base and the thickness for the block-
shaped magnetic pole member, the effects for making the
magnetic field intensity uniform and preventing the eddy
current and the residual magnetism that are required for
the magnetic pole piece can bhe fullf attained and, further,
the mechanical strength of the magnetic pole comprising a
plurality of block-shaped magnetic pole members can be
compensated. Accordingly, the thickness of the magnetic
material base should be selected properly so as to attain
a required sStrength.

The material for the magnetic material base is pre-
ferably pure iron, low carbon steel (soft steel) or the
like.

In addition to the constitution using the block-shaped

magnetic pole members as described above, another consti-



The shorter bar-shaped magnetic pol e menber 33c may have a two-1ayered
in the same manner as the central portion of the nqggetlc _pole.

structure
but the

-26 - object of the present invention can be’ﬁ% i ned Wit
%ﬁ%ﬁ g &R° ‘it ar

a single-layered structure. A magnetic material ring 32jf

protrusion is disposed to the magnetic¥ole 30 on the s
gap. The magnetic material ring 32 may be (LU

[cbea eoppdstl AT 699&%}

H
r.

tution is also provided as shown below, in order to most
effectively utilize the maximum lateral size of commercially
available silicon steel sheet coils. At first a plurality

of bar-shaped magnetic pole members are prepared by laminating
a plurality of elongate rectangular non-oriented silicon

steel sheets by a required number along the thickness of

the sheet, and such a plurality of the bar-shaped magnetic
pole members are integrated so as to be suspended while

laminating in one diraction on the inside of a ring-shaped

support frame such that the laminating direction of them

agrees with the direction perpendicular to the opposing
direction of the magnetic pole pieces. The thickness of
the bar-shaped magnetic pole member along the kaminating
direction is preferably from 30 mm to 100 mm in view of -
the mechanical strength. laminating workability or handling
property.

In the present invention, the annular protrusion
comprising the magnetic material ring disposed to the
magnetic pole piece on the side opposing to the gap can
be made of pure iron, low carbon steel (soft iron) or the
like, and the protrusion may be disposed to the circumfe-
rential edge of the magnetic material base or the ring-
shaped support frame, or directly disposed to the upper
surface of the block-shaped magnetic pole members or the

bar-~shaped magnetic pole members or the like.



di sposed directly on the upper surface of the bar-shaped nagnetic pole
menbers 33 but it is preferably disposed to the outer ciifFetirerential_edges;

of the magnetic pole 30 by way of a plurality (four in Q1@EPFﬁG§t?ﬁFéd“£ﬁ |
enbodi nent) of fixing blocks 31 disposed at required pos|tions al@mCt Helg |
outer edge of the inner circunference ofsthe ring- shap [§ﬁbpoﬁégrranem?'l

|
|

as shown in Fig. 7. By disposing dianetrical slits 36 at—I to 8 positions
(at one position in the illustrated enbodinent) to the magnetic nateri al

ring 32,

the eddy current can be prevented. However, if the nunber of the

slits is increased, the ring is divided excessively to nake the assenbling

operation

In any of the constitutions as described above, it fs
desirable to divide ‘the annular protrusion by disposing
one or more of slits with an aim of reducing the effect
of the eddy current. It is also desirable to apply electric
insulation between the magnetic material base or the ring-
shaped support frame and the annular protrusion or befwee
the magnetic material base or the ring-shaped support
frame and the block-shaped magnetic pole member or the
bar-shaped magnetic pole member.

Figs. 1{(a), (b) show a top plan view and a transversal
Cross sectional view illﬁstrating one embodiment of a
magnetic pole in a magnetic field generating device used
for MRI according to the present invention.

A magnetic pole 10 comprises a magnetic material base
11 consisting of a disk-shaped soft iron, a magnetic
material ring 12 made of soft iron of a rectangular cross
sectional shape disposed circumferentially along the peri-
phery of the magnetic material base 11 and a plurality of
block-shaped magnetic pole members 13 laid on the upper
surface of the magnetic material base 11. The block-shaped
magnetic pole members 13 are usually secured by means of
synthetic resin adhesives to the magnetic material base 11.

The magnetic material ring 12 made of soft iron of a
rectangular cross sectional shape disposed circumferentially

along the periphery of the magnetic material base 11 serves



‘conplicate. After formng the magnetic pole 30 by assenbling each of the

nmenbers as described specifically above, when an insulatr-e:syﬁthetlpu—es+-
.such as an epoxy resin is cast fromthe upper surface of| tRErURBgnErTsHIOl®
30, the insu- lative synthetic resinis filled through ofit the ?Ehgr
portion of the nagnetlc pol e 30 by way16f fine gaps fornedaw i.h

I nsul ative material 37 appended to each of the -27-

to make the height of the magnetic pole 10 on the side of
the outer circumference higher than other portions, to
concentrate magnetic fluxes to a required gap and improve
the uniformity. The ring is secured to the magnetic
material base 11 by means of bolts whileﬂinterpoéing.a
insulative material between the ring and the base. Further,
the magnetic material ring 12 is divided circumferentially
(divided into eight portions in the illustrated embodiment)
to dispose diametrical slits 18, thereby reducing the
effect of the eddy current.

The block-shaped mégnetic pole member 13 is consti-
tuted as shown in Fig. 2.

That is, the block-shaped magnetic pole member 13 is
formed by merely_lamihating a plufalitv:o0f non-oriented
silicon steel sheets along the direction of their thick-
ness, integrating them by impfegnation of an insulative

.resin or the like to.form a block-shaped magnetic pole
member 13 of a predetermined thickness.

On the contrary, if oriented {anisotropic) silicom
steel sheets are used for the silicon steel sheets, the
coercive force in the rolling direction is extremely
small, whereas the coercive force is increased in the
direction perpendicular thereto (there is a difference of
the coercive force by about one digit relative to that in

the rolling direction). Accordingly, a difference is



4
“bar - shaped magnetic pole nmenbers 33 and the insulative material appended
bet ween each of the layers, so that each of the bar-shap?ﬂfﬁﬁﬁﬁefﬁezpeﬁe:n]
nmenbers 33 are bonded and integrated in a state being inF5F5Péé&Hn6ﬁﬁéﬁéﬁ ;
other and a nechanical strength required as the rragnetic’eBgl e cap PET 1ggﬁJ
F n
a

ensured. In the above-nenti oned consti-tigt-i on, since ther '€ 170 requ-reme.
for disposing the magnetic material base bel ow the bar-s ' Pt
menbers 33, the effect of disposing the non-oriented silicon steel
sheets can be attained effectively, and the effect of reducing the eddy
current and the residual nagneti sm phenonmenon is nore

caused depending on the rolling direction also to the
residual magnetism and the effect of reducing the residual
magnetism becomes insufficient as a whole as compared with
the constitution of using the non-oriented silicon steel.
sheets. Further, in view of the effect on the uniformity
of the magnetic field, it is necessary toc make the rolling
directions different 90° between each of the silicon steel
sheets, which results in a drawback of complicating the
laminating and integrdting operation.

Such a plurality of block-shaped magnetic pole members
18 are arranged so as to.form a substantially disk-shaped
configuration as'shown in Fig. 1. t the central portion
of the surface of the magnetic pole 10 opposing to the gap,
block-shaped magnetic pole members 13 of different thickness
are used in order to form a convex projection 14 of a
required diameter, and the uniformity of the magnetic field
can be improved by the ‘convex projectiomi

Further, 2 core 15 made of soft irom is disposed at
the central portion of the magnetic material base 11 and
this constitutes a substrate for mounting gradient magnetic
field coils.

Figs. 3(a), (b) show a top plan wview and a transvarsal
cross sectional view illustrating another embodiment of
the magnetic pole in the magnetic field generating device

used for MRI according to the present invention.



~excellent than that obtained with the constitution conprlshnng an
of the bl ock-shaped magnetic pole nmenbers 13 or 23 with the &g
_material base 21 or-22 of Fig. 1 or 3. In the nagnetic po i.e

Fig. 7, the bar- shaped nagnetic pole nenbers 33b consti t|ut] %m% QQ}%Qﬂ‘Q@&
surface of the magnetic pole may be rep8aced, if necessary, with the

bl ock- shaped nagnetic pole nenber 13, 23 or 43 as shown in Fig. 10 (Fig. 10
shows a constitution of disposing the bl ock-shaped nmagnetic pol e nenber

13), the purpose of the present invention can also be attained. Further, as
has been descri bed above, the strip of . rectangul ar

A magnetic pole 20 comprises a magnetic material base
21 consisting of a disk—shaped soft iron, a magnetic
material ring 22 made of soft iron of a rectangular cross
section disposed circumferentially along the periphery of
the magnetic material base 21 and a plurality of block-
shaped magnetic pole members 23 laid on the upper surface
of the magnetic material base 21. The block-shaped magnetic
pole members 23 are usually secured by means of synthetic
resin adhesives to the magnetic material base 21.

The magnetic material ring 22 made of soft iron of a
rectangular cross sectioﬁal shape disposed circumferential
along the periphéry of the magnetic material base 21 serves
to make the height of the magnetic pole 20 on the side of
the outer circumference higher than other portions, to
concentrate magnetic fluxes to a required gap and improve
the uniformity. The ring is secured to the magnetic
material base 21 by means of bolts while interposing a
insulative material between the ring 22 and the base 21
and, further, the magnetic material ring 22 is divided
circumferentially (divided into four portions in this
embodiment) to dispose diametrical slits 26, thereby
reducing the effect of the eddy current.

The block-shaped magnetic pole member 23 is consti-
tuted as shown in Fig. 4.

That is, the block-shaped magnetic pocle member 23



sheet 50 shown in Fig. 6 my also be used directly w t hOoyt—=—=r=28

t he bar-shaped magnetic pol e nenber 33. When the magneti g Bﬁbexaﬁye

no —
LW P Iy b fu | 9——--_._._
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havi ng the con- stitution as described above is used in tlhe nagngﬂiggiiﬁg@ l
-.SHeBLs. Have|

generating device used for MR, the non-oriented silicor sheel.

a high saturation magnetic flux densitylqBS), and the magrete=—frocd—Ttarbc
easily made uniformin the gap. Further, since a plurality of thin sheets

each

shown in Fig. 4 is prepared by forming small blocks 23a,
23b by laminating and integrating a plurality of non-
oriented silicon steel shests along the direction of
their thickness and, thereafter, laminating the small blo
23a, 23b into a predetermined thickness such that the
laminating directions are different by 90° from each othe
in order to improve the uniformity of the magnetic field.

Further, it is preferred to select the thickness for
each of the small blocks and constitute them in two or
more layers depending on the workability for laminating a
various properties demanded.

Such a plurality of block-shaped magnetic pocle membe
23 are arranged so as to form a substantially disk-1like
configuration as shown in Fig. 3. At the central portion
of the surface 6f the magnetic pole 20 opposing to the
gap, block-shaped magnetic pole members 23 of different
thickness are used in order to form a coavex projection

24 of a required diameter, so that the uniformity of the

cks

-
X

nd

rs

magnetic field can be improved by the convex projection. ..

Further, a core 25 made of soft iron is disposed at
the central portion of the magnetic material base 21 and
this constitutes a substrate for mounting the gradient
magnetic field coil.

Fig. .3 is a perspective view illustrating a further

embodiment of the block-shaped magnetic pole member



"with a low coercive force (Hc) (hysteresis | oss) and eI iiﬁﬂighjiﬁﬂﬂi&iﬁz
fromeach other are lamnated in this constitution, HEPCAC FeakT CaEsed|
.to the magnetic pol.e is reduced even when GC pulses are Fpplledlqigggagm}!
gradi ent magnetic field coils and it is al so possible t4 neduce..tthe........0.0
resi dual magnetism Exanple 1 In a nagﬂbilc field gener&FFHQSGEVF€e~USGé+
for MRl having the sane structure as that in Fig. 12, R-Fe-B series

per mmnent magnets having (BH)nmax of 40 M30e were used, bl ock- shaped
magneti c pole nenbers of a constitution shown in Fig. 2 conprising
non-oriented silicon steel

constituting the magnetic pole in accordance with
the present invention.

The illustrated block-shaped magnetic pole member 43
comprises small blocks 43a, 43b., each having non-oriented
steel silicon steel sheets laminated in different directions
between the blocks and integrated to each other into a
predetermined thickness.

That 1s, the small block 432 comprises a plurality of
non--oriented silicon steel sheets laminated and integ-
rated along the direction perpendicular to the opposing
direction of the magnetic'pole. whereas the small block
43b comprises a plurality of non-—oriented silicon steel
sheets laminated and intagrated along the opposing direction
of the magnetic pole.

The block-shaped magnetic pole member 43 can also be
disposed in the same manner as the block-shaped magnetic
pocle member 13, 23 of the magnetic pole shown in Fig. 1
and Fig. 3.

The bloqk~shaped magnetic pole member 13, 23 or 43 is
desirably employed selectively, in view of the shape and
the size of the magnetic pole, the shape and the size of
the block-shaped magnetic pcle member, required effects
for reducing the eddy current and the residual magnetism
and, further, the workability for stacking or the like.

The foregoing descriptions have been made to a case



"sheets having the properties as described bel ow were | ai d.on..a.fmgnetic — .
mat eri al base nmade of soft iron having the properties as pgggggbgdgheb@mgT |
.and an annul ar protrusion made of soft iron (slit at four|, positions) was.

di sposed to forma pair of nmagnetic poles shown in Fig. 1 D\%t;,h_fﬁ@__@@qugg@g;
gap being set to 500 mm -29- The mé@dnetic material bds =

di ameter of 1050 mm and a thickness of 25 mm

of constitutiné the magnetic pole by using a plurality of
block-shaped magnetic pole members.

In a case of laminating and integrating the non-
oriented silicon steel shesets along the direction
identical with the opposing direction of the magaetic
poles, if the surface area for each of the non-orisntad
silicon steel sheets is too large, the aimed effect of
reducing the eddy current is deteriorated. Accordingly.
the constitution of adopting a block shape of a required
size can be said particularly effective.

In a constitution of laminating and integrating non-
orientad silicon.steel sheets each comprising a strip
of - rectangular plate S50 as shown in Fig. 6 along the
direction perpendicular to the opposing direction of the
magnetic ?ole, since the thickness (T) is as thin as less
than 1 mm, it is possible to attain the aimed effect of
reducing the eddy current, as well as the reducing the
residual magnetism,

Construction of a magnetic pole with a diameter of
about 1000 mm by using such thin sheets would result in a
problem in view of the Iamination and integrating operation,
but use of a ring-shaped support frame, an appropriate jig or
the like as described later for the embodiment shown in Fig. T
enables to apply them even to mass production.

Figs. 7(a), (b) show a top plan view and a transversal



" Further, the thickness of the various magnetic pole menbefs=after: ‘di-sposing=r

on the magnetic material base (maxi mum thickness) was set | tféE"28.ap <NFh@HErT
.thickness of the non-oriented silicon steel sheet was %et to gAfZKﬁWIQS
square sheet si'zed 100 nmin each of sides was nmainly use A% d
silicon steel sheet. The magnetic mat<€22-al base and the nom=orrented
silicon steel sheets had the coercive force (Hc), saturated magnetic fl ux
density (Bs) and the specific.resistivity ( [err] ) as shown bel ow
Magnetic material base (soft iron). Hc = 80 A/m

Cross sectionallview i1llustrating another embodiment of
the magnetic pole in the magnetic field generating device
used for MRI according to the present invention.

This is a constitution for most effectively utilizing
the maximum lateral width of commercially available non-
oriented silicon steel sneets.

That is, the maximum lateral width of a commercially
available non—ériented silicon steel plate is 1220 mm
and, if the outer diameter of the magnetic pole is greater
than this, no magnetic pole of a reguired cuter diametrical
size can be obtained by ﬁerely.laminating such non-oriented
silicon steel sheets along the direction perpendicular to
the opposing direction of the mavnetlc poles. ’ Further,
the number of the non- orlentnd silicon -steel sheets
exceeds 3000 and the operation for laminating and. integrating
them also becomes extremely troublesome. ' ‘

A magnetic pole piece 30 shown in Fig. 7 has a feature
of effectively utilizing a bar-shaped magnetic pole member
33 having an entire length which is equal with the maximum
lateral size of a commercially available non-ﬁriented
silicon steel sheet coil as shown in Fig. 8.

The bar-shaped magnetic pole member 33 comprises a
plurality of elongate rectangular non;ériented silicon
steel sheets lLaminated along the diresction of the steel shast

and integrated into a bar-shape of a predetermined width



“Bs =2.0T
A/n1Bs = 1.
_generatlng
12, an R-F

[err]
7 T lerr] = 4.3 x 10-8 [err] Exanple 2 In a ndignetic field
devi c

e used for MRl having the sane structure'asﬁt hatl.§.i0H. d994..

=1 x 10 [err] Non-oriented silicon stge#Lﬁﬁget kb < 40
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(W) by means of insulative adhesives.

Further, a chamfered portion 38 is formed to each of
longitudinal ends of the bar-shaped magnetic pole member
33 for facilitating the disposition to a ring-shaped support
frame 34 to be described later. Further, an insulative

materlal 37 comprising, for example, an insulative adhe-

'sive tape made of a thin polyurethane tape or the like is

appended at a predetermined position at least on one side
of the bar-shaped magnetic pole member 33 for facilitating
the integration of the magnetic pole piece by means of an
insulative synthetic resin to be described later.

By using the insulative material 37 for the bar-
shaped material, insulation can be made complete at least
between the bars as compared with the case of merely
laminating the.silicon steel sheets and it _can.be said
effective for the reduction of .the eddy current.

A plurality of the thus constituted bar-shaped magnetic

.pole members 33 are arranged and mounted in one direction,

- v

with the laminating direction being in perpendicular to the
opposing direction of the magnetic pole by means of a
ring-~shaped support frame 34 having an L-shaped cross
sectional shape as shown in Fig. 9.

The plurality of the bar-shaped magnetic pole members
33 are arranged and mounted to the ring-shaped support

frame 34 and, in order to much facilitate this. the central



-30 - series per mmnent magnets having (BR)nmax of 40 M3Ce wp;e
h

bl ock- shaped nmagnetic pole nenbers of a constitution show

—HSeth =

FERQENIANY SHEST |

conprising non-oriented silicon steel sheets were laid onja mgn

g
material base made of soft iron and an annul ar protrusion .ﬁﬁaengﬂiiHHLﬁﬂﬁ"
iron (slit at four positions) was dispdded to forma pair 6 o ,

shown in Flg. 3, with an opposing gap being set to 500 mm The non-oriented
silicon steel sheet were nmainly rectangul ar sheets each of 15 nm hei ght X
100 mmwi dth, and they were forned into two-|ayered square bl ocks sized

portion of the ring-shaped support frame 34 is cut out

into a rectangular shape in this invention, so that the

mounting can be completed by merely arranging the bar-

shaped magnetic pole members 33a in one direction.

The rectangular inner circumferential edge of the

frame formed by cutting out the ring-shaped support

frame 34 is formed with a chamfered portion 39 similar to

the chamfered portion 38 formed to the bar-shaped magnetic

pole member 33a.

The foregoing embodiment illustrates a structure of

mounting the ba;—shaped magnetic pole member 33a by means

of the chamfered portions 38, 39 for each of them, but the

chamfered portions may be replaced with other mounting

means such as fitting or the like.

Further, if the bar-shaped pole piece members 33

are laminated.by two or more layers with theéif laminating

directions being different by 90° in view of the further

improvement for the uniformity of the magnetic field, a

constitution as shown in Fig. 10 may be employed.

That is, the bar-shaped magnetic pole members 33a

shown in Fig.9 are used as the first .layer and a plurality

of bar-shaped magnetic pole members 33b constituting the

second layer are further disposed on the upper surface of

the first layer with the laminating direction bsing diffe-

rent by 90°. Further, the two layvers of the bar-shaped

=
|
f




100 mm for each side. Oher conditions were the sanme as those=FA—Exampre—=t==
Exanple 3 In a magnetic field generating device used for NRRERRACAGZNRSHEET
Sanme structure as that in Fig. 12, an R Fe-B series permarent ”ﬁQW§Q§U( uyb

havi ng (BH) max 40 of M30Oe were used, bar-shaped nmagnetic Petererber-s..-of----a.--

constitution shown in Fig. 7 conprisinr@Sion-oriented silicom steer—sheets
were laid on a ring-shaped support frame nmade of soft iron and an annul ar
protrusions made of soft iron (slit at four positions) was disposed to form
a pair of magnetic poles each of 1050 nm outer dianmeter shown in

magnetic pole members 33a and 33b are firmly secured by
the ring-shaped support frame 34 by means of a fixing
plate 35 having a chamfered portion 40 corresponding

to the chamfered portion 38 formed on each of the ends of
the bar-shaped magnetic pole members 33b at the second
layer.

In a case of stacking two or more layers of the bar-
shaped magnetic pole members 33 as described above, it is
preferred to dispose an electrically insulative material
such as made of an insulative adhesive tape at required
positions between each of.the layers.

By way of the foregoing steps, two layers of rectangular
magnetic pole portions each side having a size identical
with the maximum lateral size of the commercially available
non-oriepted -7 silicon steel sheet is formed at the central
portion of the magnetic pole 30.

Further, bar-shaped magnetic pole members 33c shorter
than the length of the bar-shaped magnetic pole members
33a, 33b are.disposad between the two-layered magnetic
pole members and the inner circumferential surface of the
ring-shaped support frame 34, to constitute a substantially
disk-like magnet pilece.

The shorter bar-shaped magnetic pole member 33c¢c
may have a two-layered structure in the same manner

as the central portion of the magnetic pole, but the
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"Fig. 7 with the gap between them being set to 500 nm Te

magneti c pol e nenbers di sposed at the central portion of t
-had a size of 700 mmlength x 50 mm w dth x 20 mm hei ght q
di sposed in two | ayers as shown in Fig. 10. The material fj
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rint-shaped support frame was identicd6with that for thel

-—.q,: ............ o a:l:::‘,

base of Exanple 1. OQther conditions were identical with those of Exanple 1.

Conparative exanple 1

cbject of the present invention can be attained also with

a single-layered structure.

A magnetic material ring 32 forming an annular

protrusion is disposed to the magnetic pole 30 on the side

opposing to the gap. The magnetic material ring

32 may be

'disposed directly on the upper surface of the bar-shaped

magnetic pole members 33 but it is preferably disposed

to the outer circumferential edge of the magnetic pole 30

by way of a plurality {(four in the illustrated embodiment)

of fixing blocks 31 disposed at required positions along

the outer edge of the inner circumference of the
shaped support frame 34 as shown in Fig. 7.

By disposing diametrical slits 36 at 1 to 8

ring~

positions

(at one position in the illustrated embodiment) to the

magnetic material ring 32, the eddy current can be prevented.

However, 1f the number of the slits is increased

, the ring

is divided excessively to make the assembling operation

complicate.

After forming the magnetic pole 30 by assembling each

of the members as described specifically above, when an

insulative synthetic resin such as an epoxy resin 1is cast

from the upper surface of the magnetic pole 30, the insu-

lative synthetic resin is filled through out the

entire

portion of the magnetic pole 30 by way of fine gaps formed

with the insulative material 37 appendsd to each

of the



A magnetic field generating device used for MR was assenblgg aatedmitie ©
sane constitution as that of Exanple 1 by constituting tjhe bl ock-shaped i
.magnetic pole nenbers as shown i.n Fig. 2 by using non-ori mhgdukﬂLékgnEﬂﬁ”.P
steel sheets having the properties described bel ow. The Ol : 344 =ﬂJ
steel sheet had the coercive force (HeR7-the saturation magnetic fl ux
density (Bs) and the specific resistivity ( [err] ), respectively, as shown
below. Oriented silicon steel sheet Hc = 4.8 AmBs = 1.8 T [err] = 48 x
| O[ err]

bar-shaped magﬁetic pole members 33 énd the insulative
material appended between each of the layers, so that each
of the bar—shéped magnetic pole members 33 are bonded and
integrated in a state being insulated from each other and
a mechanical strength required as the magnetic pole can be
ensured.

In the above-mentioned constitution, since there is
no requirement for disposing the magnetic material bése
below the bar-shaped magnetic pole members 33, the effect
of diéposing the non- oriented silicon steel sheets can
be attained effectively, and the effect of reducing the
eddy current and.the residual magnetism phencomenon is more
excellent than that obtained with the constitution comprising
a combination of the block-shaped magnetic pole members 13
or 23 with the magnetic material base 21 or 22 of Fig. 1
or 3.

In the magnetic pole piece 30 in Fig. 7, the bar-
shaped magnetic pole members 33b constituting the upper
surface of'the magnetic pole may be replaced, if necessary,
with the block~shaped magnetic pole member 13, 23 or 43 as
shown in Fig. 10 (Figi 10 shows a constitution of disposing
the block-shaped magnetic pole member 13), the purpose of
the present invention can also be attained. Further, as
has been described above..the ctrip of ., . rectangular

sheet 50 shown in Fig. 8 may also be used directly without



Conparative Exanple 2 A nagnetic field generating device |gSed [ VRS
assenbl ed quite in the same constitution as that in Exang| &FT-%c¥ T T
-constituting the magnetic pole with -32 - the sane siZze_and tpg S&reion
shape fromthe bulk material made of the sane soft iron s Ptffe base™ ' T he

any

magnetic field generating devices used28+ M of Exanples 1 to 3 and
Conparative Exanples | and 2 shown

using the bar~sﬁaped ﬁagnetic pole member 33.

When the magnetic pole 10, 20 or 30 having the con-
stitution as described above is used in the magnetic field
generating device used for MRI, the non-oriented silicon
steel sheets have a high saturation magnetic flux density
(BS}, and the magnetic field can be easily made uniform in
the gap. Further, since a plurality of thin sheets each
with a low coercive force (Hc) (hysteresis loss) and
eléctrically insulated from each other are laminated in this
constitution, a2n eddy current caused to the magnetic pole
is reduced even when GC pﬁlses are applied to the gradient
magnetic field coils and it is also possible to reduce the
residual magnetism.

Example 1

In a magnetic field generating device used for MRI
having the same structure as that in Fig. 12, R-Fe-B
series permanent magnets having (BH)max of 40 MGOe were
used, block-shaped magnetic pole members of a constitution
shown in Fig. 2 comprising non-oriented silicon steel
sheets having the properties as described below were laid
on a magnetic material base made of soft iron having the
properties as described below, and an annular protrusion
made of soft iron (slit at four positious) was disposed to
form a pair of magnetic poles shown in Fig. 1, with an

opposing gap being set to 500 mm.



“bel ow, measurenent was conducted for the uniformity of tpergmgnetic,field, -
the magnetic field intensity and the effect of reducing jhe eddy curtrent ;
.caused by the gradient nmagnetic field coils, as well as, twmhiﬁi“iﬂgﬁinjggﬁ.ﬂ
magneti sm caused by GC pulses. As a result, uniformty o —praghett-eo——
field of 30 ppmand the magnetic field29ntensity of 0.2 T were obtained as
nmeasured values in the nmeasuring space within a radius of 200 mm fromthe
center of the gap both in Exanples 1 to 3 and Conparative Exanples 1 and 2.
The results of the neasurenent for the eddy current and the residual

magneti smare shown in Table 1. The

The magnetic material base had an outer dlameter of
1030 mm and a thickness of 25 mm.

Further. the thickness of the various magnetic pole
members éfter disposing on the magqetic material base
(maximum thickness) was set to 25 mm. The thickness of
the non-~ oriented silicon steel sheet was set to 0.33 mm.
A square sheet sized 100 mm in each of sides was mainly
used for non- oriented silicon steel sheet.

The magnetic material base and the non-oriented
silicon steel sheets had the coercive force (He),
saturated magnetic flux &ensity (Bs) and the specific
resistivity ( /£ ) as shown below.

Magnetic material base {(soft iron).

Hc = 80 A/m

Bs = 2.0 7T

. 1x lO"""..fl..m
Non-oriented silicon steel sheet

Hc = 40 A/m

Bs = 1.7 T

0

4.5 x 1078 0om

]
-

i

Example 2
In a magnetic field generating device used for MRI

having the same structure as that in Fig. 12, an R-Fe-B



“eddy current was eval uated by the magnetic field inte- h¥ g% L0 Mb%n |
si nusoi dal wave at 1000 Hz was given, while assum ng the u ensrry =of th‘
.gradi ent magnetic field given by a direct current as L (g ggger waJﬂﬁTlﬁgﬁ

prhosbioimimy

better), and the residual magnetismis represented by a nel A ve Fatie = h
assum ng the residual magnetismas 1 i-30t-he constitution of Conparative
Exanple 2 (change of the uniformty). -33 - Table 1

series permanent magnets having (BH)max of 40 MGOe were

P

used, block-shaped magnetic pole members of a constitution
shown in Fig. 4 comprising non-ocrientad silicoa steel
sheets were laid on a magnetic material base made of soft
iron and an annular protrusions made of soft iron (slit at
four positions) was disposed to form a pair of magnetic.
poles shown in FIg. 3, with an opposing gap being set to
‘300 mm.

The non-oriented silicon steel sheet were mainly
rectangular sheets each of 15 mm height X 100 mm width,
and they were formed into two-layered square blocks sized
100 mm for each side. Other conditions were the same as

those in Example 1.

Example 3
In a magnetic field generating device used for MRI

having the same structure as that in Fig. 12, an R-Fe-B
series permanent magnets having (BH)max.ég of MGQOe were
used, bar-shaped magnetic pole members of a constitution
shown in Fig. 7 comprising non-oriented silicon steel
sheets were laid on a ring-shaped support frame made of
soft iron and an annular protrusions made of soft iron
(slit at four positions) was disposed to form a pair of.
magnetic poles each of 1050 mm outer diametar shown in

Fig. 7 with the gap between them being set to 3500 mm.



"Exanpl e Conpar ati ve Exanple 1 2 e Gk

2 non-oriented Si steel Qiented S Bul k sheet| REPLAGEMGHT Shuiv i
.steel Fig.l Fig 3 Fig 7 Fig. 12 Eddy {qyrgght }
0.8 0.8 0.95 0.8 0.2 Resi duypPate g, -5% ... %6
0.5 0.3 0.8 1 nma@beti sm As appar ent~fronrthe 2

exanpl es, when the magnetic poles conprising a plurality of block-shaped or
bar - shaped nmagnetic pole nenbers forned by lam nating and integrating a

The bar-shaped magnetic pole members disposed at the
central portion of the magnetic pole had a size of 700 mm
length x 50 mm width X 20 mm height and they were disposed
in two layers as shown in Fig. 10. The material for the
ring-shaped support frame was identical with that for the
magnetic material base of Example 1. Other conditions

were identical with those of Example 1.

Comparative example 1
A magnetic field generating device used for MRI was
- assembled quite in the same constitution as that of
Example 1 by constituting the block-shaped magnetic pole
members as shown in Fig. 2 by using non-oriented silicon
steel sheets having the properties described below.

The oriented silicon steel sheet had the coercive
force (Hc), the saturation magnetic flux density (Bs) and
the.specific resistivity ( P ), respectively, as shown
below.

4.8 A/m

Oriented silicon stesl sheet He

Bs

/O

1.8 T
48 x 1078 O

i

Comparative Example 2
A magnetic field generating device used for MRI was
assembled quite in the same constitution as that in

Example 1 except for constituting the magnetic pole with



plurality of non-oriented steel sheets are used for the. ";—Trfﬂrr-'“
generating device used for MR, the magnetic field in th 'ﬁfcéaﬁ-be~fade
-uni form and there can be obtained effects of reducing th% eddy cupr@dt 1996
caused by the gradient field coils, as well as reducing H% ¥ esi dual: i

magnet i sm caused by CGC pul ses. CLAI A321- A nagnetlu fielrd génerating
device used for MR having a pair of magnetic poles opposed to each

the same size and the same shape from the bulk material
made of the same soft iron as the base.

In the magnetic field generating devices used for MRI
of Examples 1 to 3 and Comparative Examples 1 and 2 shown
below, measurement was conducted for the uniformity of the
magnetic field, the magnetic field intensity and the effect
of reducing the eddy current caused by the gradient magnetic
field coils, as well as, ths residﬁal magnetism caused by
GC pulses.

As a result, uniformity of the magnetic field of 30
pom and the magnétic field'intensity'of 0.2 T were obtained
as measured values in the measuring space within a radius
of 200 mm from the center of the gap both in Examples 1 to
3 and Comparative Examples 1 and 2.

The results of the measurement for the eddy current
and the residual magnetism are shown in Table 1. The
eddy current was evaluated by the magnetic field inte-
nsity ratio when a sinusoidal wave at 1000 Hz was given, while
assuming the intensity of the gradient magnetic field
given by a direct current as 1 (greater value is better), and
thé residual magnetism is represented by a relative ratio
assuming the residual magnetism as 1 in the constitution

of Comparative Example 2 (change of the uniformity).



“other with a gap formed therebetween and generating a magn f’ -eLg Hﬁ} . 7
said gap, wherein the magnetic poles formed by | am nating ﬁtg%{ thi Wy A j
-plurality of non-oriented silicon steel sheets are dispose D ;QﬁT 9@6 !

magnetic field generating device used for MRl as defined i ~cLaLn11,

wherein the nmagnetic pole conprises a-pBurality of bl ock- shaped nagnetlc
pol e nmenbers forned by lam nating and integrating a plurality of
non-oriented silicon steel sheets. 3. A magnetic field generating
device used for MRl as defined in claim2, wherein

Table 1
Example Comparative Example
1 2 3 1 2

non-orisnted - Si steel riented Si Bulk

s@eet _ steel

Fig.l Fig.3 Fig.T Fig.12
Eddy
current 0.8 0.8 0.93 0.8 0.2
Residual 0.5 0.5 0.3 0.8 1
magnetism )

As apparent from the examples, when the magnetic
poles comprising a plurality of block-shaped or bar-shaped
magnetic pole members formed by laminating and integratiﬁg a
Plurality of non-oriented steel shests are used for the
magnetic field generating device used for MRI, the magnetic
field in the g@p can be made uniform and there can be
obtained effects of reducing the eddy current caused by
the gradient field coils, as well as reducing the residual

magnetism caused by GC pulses.



“the direction of laninating the non-oriented silicon ste 'R%QEFF§Mrw~~Jf;vf
constituting the bl ock-shaped magnetic pole nenber is id ptlca‘”W’"t"h't"r‘ie.'"‘= o
.opposing direction of the nagnetic poles. 4. A magnet i ngelhﬂgﬁﬁEr gng!
device used for- MRl as defined in claim2, wherein the di tigp of T
| ami nating the non-oriented silicon -34teel sheets is in perpendicu

t he opposing direction of the nagnetic poles. ———

R UL
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CLAIM
1. A magnetic field generating device used for MRI
having a pair of magnetic poles opposed to each
other with a gap formed therebetween and generating a
magnetic field in said gap, wherein

the magnetic poles formed by laminating and integrating
a plurality of non-oriented silicon steel sheets are

disposed.

2. A magnetic field generating device used for MRI as
defined in c¢laim 1, wheréin the magnetic pole comprises a
plurality of bloék-shaped magnetic pole members formed by
laminating and integrating a plurality of non-oriented

silicon steel sheets.

3. A magnetic field generating device used for MRI as
defined in claim 2, wherein

the_gérgsg}qq of. laminating the non-oriented silicon
steel sheets constituting the block-shaped magnetic pole
member is identical with the opposing direction of

the magnetic poles.

4, A magnetic field generating device used for MRI
as defined in claim 2, wherein

the direction of laminating the non-oriented silicon



5.
4, wherein the bl ock-shaped magneti c pol e pi ece nenber cqhprises. t ayvers:
p g p p P n@c% ﬁﬁﬁ 3

.and the respective layers are | am nated and i ntegrated Schaphat1ﬂ

each of the layers are different by 90B&rr] from each other.

6. A
magnetic field generating device used for MR as ' ' “tk“ﬁnz,
wherein the bl ock-shaped nmagnetic pol e nmenber co l%““ |u“ S, in

St

which the direction of the I|aninating non-orient

itco® sfeel sheets

constituting one of the layers is identical with the opposing direction

steel sheets is in perpendicular to the opposing direction

'of the magnetic poles.

-

5. A magnetic field generating device used for MRI as
defined in claim 4, wherein the block-shaped magnetic pole
piece member comprises two layers and the respective

layers are laminated and integrated such that thé laminating
direction of the non-oriented silicon steel sheets
constituting each of the layers are different by 90° from

each other.

6. A magnetic field generating device used for MRI as

‘defined in claim 2, wherein the block-shaped magnetic pole

member comprises two layers, in which the direction of the
laminating non-oriented silicon steel sheets constituting
one'of the layers is identical with the opposing direction
of the magnetic poles, while the direction of laminating the
non-oriented silicon steel sheet constituging the other-

of the laye:s is in perpendicular to the opposing direction

of the magnetic poles.

7. A magnetic field generating device used for MRI as
defined in claim 2, wherein & plurality of block-shaped
magnetic pole members are arranged and disposed on a

plate-shaped magnetic material base.

A magnetic field generating device used for MR ag ﬁgﬁLﬂ@@MEQ;éEéEéa

L I P LR TR N T R T LR

| am nating direction of the non-oriented silicon steel sheets—constituting.:



“of the magnetic poles, while the direction of |amnatin “?'g”h
silicon steel sheet constituging the other of the layerg V'

. perpendi cular to the opposing direction of the magnetic p@les 78 gCT K@ﬁ
magnetic field generating device used for MRl as define HC stap oy J
wherein a plurality of block-shaped nadéeti c pol e nenbers are arranged and
di sposed on a plate-shaped nagnetic material base. = -36 -
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8. A magnetic field generating device used for MRI as
defined in claim 1, wherein a plurality of non-orisnted
silicon steel sheets each comprises a strip of

rectangular sheet and they are kaminated and integrated

along the direction in perpendicular to the opposing direction

of magnetic¢ pole piece.

g. A magnetic field generating device used for MRI as
defined in claim 8, wherein the magnetic pole comprises a
plurality of bar-shaped magnetic pole members formed by
laminating and integrating non-oriented silicon steel
sheets each in the form of a strip of rectangular

sheet along the direction in perpendicular to the opposing

direction of the magnetic pole.

10. A magnetic field generating device used for MRI as
defined in claim 8, wherein the bar-shaped magnetic

piece members are laminated. and integrated ‘into two layers
and disposed such that the direction of laminating the non-
oriented silicon steel sheets constituting each of the

layers is different by 90° from each other.

11. A magnetic field generating device used for MRI as
defined in claim ¢, wherein a plurality of bar-shaped

magnetic pole members are arranged and disposed on the



" 8. A magnetic field generating device used for MRL ‘Fﬂ*ﬁﬁqﬂﬂ$4?F?ﬁ%FﬁT
1. wherein a plurality of non-oriented silicon steel sheet&Pe&EhVENTIHENS)
.a strip of rectangul ar sheet and they are | am nated and;integraﬁq?(ﬁypq?gﬁl‘
the direction in perpendicular to the opposing direction: éF'aragnetic-pole- |
pi ece. 9. A magnetic field generatBflg, device used fW=NRFas-defined. -
in claim8, wherein the nagnetic pole conprises a plurality of bar-shaped

magneti c pol e nmenbers formed by |am nating and integrating nen-oriented

silicon steel sheets each in the formof a strip of r al ong
the direction in perpendicular to the opposing " ﬁ“lmmn ﬁi" l ﬂm
* [ ] s *

L

inside of a ring-shaped support frame.

12. A magnetic field generating device used for MRI as
defined in claim.l, wherein the magnetic pole comprises a
plurality of block-shaped magnetic pole members formed by
laminating and integrating a plurality of non-oriented’
silicon steel sheets and arranged and disposed on a layer
formed by arranging and disposing a plurality of bar-
'shaped magnetic pole members formed by laminating and
integrating a plurality of non-oriented silicon:rsteel
sheets each comprising a.stripfof rectangular sheet ™1+
along the direcfion in perpendicular to the opposing

direction of the magnetic poles.

13. A magnetic field generatiang device used for MRI as
defined in claim 1, wherein the thickness of the non-

oriented . silicon steel sheet is less than 1.0 mm.

14. A magnetic field generating device used for MRI as
defined in claim 2, wherein each of main block-shaped
magnetic pole members comprises a square sheet each side

sized from 50 mm to 200 mm.

15. A magnetic field generating device used for MRI as

defined in claim 8, wherein the thickness of each of the



“ direction of the magnetic pole. 10. A magnetic field ¢ (No-4evi.ce- |
used for MRl as defined in claim9, wherein the bar-shap d“ﬁ%@%%ﬁﬁ%”p%éggT ﬂ

_nmenbers are lam nated. and integrated into two |ayers an i.Spo il
that the direction of |lam nating the non- oriented srni@§ﬁ~s?§§ra§§2§%§;J
constituting each of the layers is dif¥8erent by 900 from each other. 11.
A magnetic field generating device used for MR as defined in claim9, ..
wherein a plurality of bar-shaped magnetic pole nenbers - are arranged and. ;
di sposed on the .

L

bar-shaped magnetic pole members in the laminating direction

is from 30 mm to 100 mm. -

18. A magnetic field generating device used for MRI as
defined in claim 1, wherein an annular protrusion
comprising a magnetic material ring having diametrical
slits at one or more positions is disposed on the side of

the magnetic pole opposing to the gap.



i nsi de of a ring-shaped support frame. 12. A magnetic &refdi gnﬁfgﬁgqg;fu

device used for MRl as defined in claim1, wherein the nmaghetifépole i Hie="
conprises a plurality of block-shaped magnetic pole nenbers for byCT ciis
| am nating and integrating a plurality of non-oriented silﬂéﬁﬁaste ["sheets: i
and arranged and di sposed on a |ayer fornmed by arrangi ng afid di sSposing a
plurality of bar- shaped nagnetic pole ers formed by | am nating and
integrating a plurality of non-oriented silicon steel sheets each

conprising a strip of rectangular sheet. along the direction in

per pendi cul ar to the opposing

!
1
{
1
{

Fig. la

P10

I—

— 14

— IS




direction of the magnetic poles. 13. A magnetic field generating device
used for MRl as defined in claim1, wherein the thickness gf_T VLA hpp— ”
oriented silicon steel sheet is less than 1.0 nm 14. &Fﬂﬁbf L SHEE

et !

: : . : : : : iy
field generating device used for MRl as defined in claim?2 %gere eagh B
mai n bl ock- shaped magnetic pol e nmenbers conprises a square| f '"&gkh;$£§g§145
sized from50 nmto 200 mm 15. A magngtic field generating device used
for MRl as defined in claim9, wherein the thickness of each of the

21
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30 Mmto 100 mm 16. A magnetic field generating devi celj ugsd.afar. WRl sisey T
defined in claim1, wherein an annul ar protrusion conpri si n&EB b '
material ring having dianetrical slits at one or nore p03|ﬂmmns d éﬁa@gﬁ

on the side of the magnetic pol e opposing to the gap.

3/6

-38 - bar- shaped magnetic pole nenbers in the |am nating dﬁfﬁﬁ&i&ﬂ:rs =fF-0Me =

Fig. 5

Fig 6
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ABSTRACT

MAGNETIC FIELD GENERATING DEVICE USED FOR MRI

A magnetic fieid generating device used for MRI

ﬁaving a pair of magnetic poles opposed to each

other with a gap formed therebetwéen and generating a
magnetic field in said gap, wherein the magnetic poles
formed by kaminating and integrating a plurality of non-
-orkented silicon steel sheets are disposed. The eddy
current generated in the magnetic poles caused by the
application of GC pulses can be reduced and the

phenomenon of the residual magnetism can also be reduced.

{Figures 1a and 1b)



