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@ Current-conductive coil and method for manufacturing the same.

@ A hollow conductor (22) which is rectangular in section
is wound in a spiral to form a single pancake coif {20). A
prepreg tape {40) is sandwiched between the already-wound
portion {28) and the to-be-wound portion (30) of the conduc-
tor (22) when the conductor is wound. The single pancake
coil (20) which has been wound with the prepreg tape (40)
sandwiched is press-fixed by a metal frame, for example,
and then heated, whereby resin impregnated in the prepreg
tape is made liquid to fill between the overlapped faces of the
conductor (22) so as to make the conductor (22) adhered at
its overlapped faces and to electrically insulate one of the
overlapped faces from the other. In the case of coaxially
putting the single pancake coils {(20) one upon the other to
form a double pancake coil, a prepreg sheet {42) is sand-
wiched between the single pancake coils (20) and then
heated to fix the single pancake coils with each other and to
insulate the single pancake coils from each other.
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Current~conduct1ve coil and method
for manufdcturlng the same

The present invention relates to a current-
conductive coil of a direct cooling type which is used
in diagnostic nuclear magnetic resonance devices,
nuclear fusion research devices, and the like, and a
method for manufacturing the same.

The current-conductive coil employed in diagnostic
nuclear magnetic resonance devices, nuclear fusion
research devices, and the like is an air core coil of a
direct cooling type. In the case of this current-
conductive air core coil of a direct cooling type,
cooling water is flowed through the hollow portion-of
a coil conductor to remove heat caused by a current
flowing through the coil conductor, thus cooling the
c01l conductor. '

One unit of thlS current—conductlve alr core coil

represents either the single
Fig. 1 or the double pancake
The single pancake coil 2 is
hollow conductor in a spiral
is constructed by connecting
the inner ends thereof, said
wound in opposite directions
tively.
winding a hollow conductor.

One coil unit is formed

pancake coil 2 as shown in
coil 4 as shown in Fig. 2.
constructed by winding a
and double pancake coil 4
pancake coils 6 and 8 at
pancake 6 and 8 having been

to form a spiral, respec-

The double pancake coil 4 may be constructed by

by piling several or ten
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and several units of pancake coils one upon the other,
and a plurality of these coil units is connected ‘with
one another to form a current-conductive air core coil.
When the current-conductive air core coil is current-
applied, cooling liquid is flowed through each unit of
the pancake coil. The reason why water cooling system
is provided for each unit of the pancake coil resides in
equalizing the temperature distribution over the whole
of the current—-conductive air core coil to lower flow
resistance in the cooling water passage and to enhance
the cooling efficiency.

Diagnostic nuclear magnetic resonance devices and
nuclear fusion research devices are demanded to use an
equalized magnetic field. The strength of the magnetic
field caused by the current-conductive air core coil is
determined by the coil shape and the current flowing
through the coil, while the uniformity thereof is
determined by the coil shape. It is therefore necessary
that the shape dimension of the coil product is accurate
in order to make uniform the magnetic field caused by
the current-conductive air core coil.

The conventional current—-conductive coil is manu-
factured, as shown in Fig. 3, in such a manner that an
insulating tape 12 is wound around a hollow conductor
10 in the process of winding the conductor 10, whose
section is rectangular, in a spiral, and that the sinéle
or double pancake coil thus formed is fixed by fixing
the conductor by prepreg. As described above, the
troublesome process of winding the insulating tape 12
around the conductor 10 when the conductor is wound
in a spiral is needed to insulate the conductor from
its adjacent one. Therefore, the process of insulating
the conductor from its adjacent one in the course of
manufacturing the conventional current-conductive coil
is a cause which makes it difficult to shorten its
manufacturing time. A long air core coil conductor

ranging from several hundred meters to several thousand
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meters is used particularly by diagnostic nuclear
magnetic resonance devices and nuclear fusion research
devices, and the insulating process for the conductor
used, accordingly, takes an extremely long time to
manufacture. | ,

The insulating tape 12 is wound around the con-
ductor 10 in such a way that the insulating tape 12 ,
is partly overlapped upon itself. Therefore, steps
corresponding to the thickness of the overlapped
insulating tape 12 are formed on the surface of the
insulating tape wound around the conductor. The
dimension accuracy of the single or double pancake coil
thus wound is poor because of these steps, thus making
it difficult to create a uniform magnetic field using
the conventional current-conductive coil. - - -

As shown in Figs. 3 and 4, a reliably sufficient
insulation is achieved by winding the insulating tapeA12
around the conductor 10. However, in the case of
diagnostic nuclear magnetic resonénce devicés, a high
degree of insulation is achieved, though the current
flowing through the conductor is small. 1In short,
the insulation process applied to the conventional
conductor is mofe than.enough in the case of diagnostic
nuclear magnetic resonance devices.

An object of the present invention is to provide a
current—conductive coil and a method for manufacturiné_
the current-conductive coil, which simplifies its .
electrically-insulating processrin order to substan-
tially shorten its manufacturing time.

Another object of the present invention is to
provide a current-conductive coil and a method for
manufacturing the current-conductive coil, which enables
its dimension accuracy to be made extremely high in
order to create a highly-equalized magnetic field.

According to the present invention, there is
provided a current-conductive coil comprising a

conductor wound in a spiral and having a pair of inner
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and outer fixing faces when viewed in the direction
in which it is wound in a spiral, and a prepreg tape
interposed between the adjacent fixing faces of the
conductor, said prepreg tape having a width enough
to cover the fixing face, extending along the fixing
face, and being heated to fix the fixing faces so as
to electrically insulate the fixing face of the
conductor from its adjacent one.

Further, according to the present invention, there
is provided a method for manufacturing the current-
conductive coil comprisingra first process of winding
a conductor in a spiral and sandwiching a prepreg
tape between the already-wound portion and to-be-wound
portion of the conductor to form a single pancake
coil, said prepreg tape having substantially same
width as that fixing face of the already-wound portion
of the conductor where the to—be-wound portion of the
conductor is wound, and a second process of heating the
single pancake qoil, which- has been wound with the
prepreg tape sandwiched, under pressurized conditions to
thereby fix the wound coil conductdr and to insulate the
fixing face of the conductor from its adjacent one.

Furthermore, according to the present invention,
there is provided a current-conductive comprising
two pancake coils each including a conductor wound
in a spiral and having a pair of inner and outer
fixing faces when viewed in the direction in which it
is wound in a spiral, and a prepreg tape interposed
between the adjacent fixing faces of the conductor,
said prepreg tape having a width enough to cover the
fixing face, extending along the fixing face, and being
heated to fix the fixing faces so as to electrically
insulate the fixing faces of the conductor from its
adjacent one, the pancake coils having ring-shaped plain
faces, and a prepreg sheet sandwiched between the two
pancake coils which are coaxially put one upon the other

with their wound-directions opposed to each other, said
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prepreg sheet being heated to fix the pancake coils with
each other and to electrically insulate the pancake
coils from each other. This current-conductive coil can
be manufactured by adding a third process between the

first and the second processes, of coaxially putting

the two single pancake coils, each of which has been

wound with the prepreg tape sandwiched after the first.
process, one upon the other with a prepreg sheet
sandwiched between them. Then, these two single pancake
coils are heated under a pressurized condition in the
second process. The current-conductive coil may also be
manufactured by adding a fourth process of coaxially
putting the two single pancake coils one upon the other
with a prepreg sheet sandwiched between them, and a
fifth process of heating the thus-formed two single
pancake coils under pressurized condition.

According to the present invention, the troublesome
process of winding the insuléting.tape-aroundche con—
ductor, as done conventionally to insulate thé_cdn—»
ductor from itsiadjacent One,'is made unnecessary.f.
Instead, the conductor may be wound with the prepreg
tape sandwiched between the fixing face of the con-
ductor wound and its adjacent one, thus enabiing

the current—condudtiVe coil to be manufactured with

- greater ease and at a higher speed. 1In addition, the
‘prepreg tape is only sandwiched between the conductor

wound and its adjacent one, thus eliminating the
stepsvwhich aré.cohventionally forﬁed‘by partly putting
the insulating tape one upon the oﬁher when it is wound
around the conductor. This enables the dimension
accuracy of the coil wound to be made so high that a

uniform magnetic field may be created. Further, the

- double pancake coils can be manufactured by putting the

two single pancake coils one upon the other with the
prepreg sheet sandwiched between them, and heating the
prepreg sheet to fix the single pancake coils with each

other and to insulate them from each other. The double
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pancake coils can be thus manufactured more easily. 1In
summary, the present invention enables the current-
conductive coil to be manufactured with greater ease,
at higher speed and with a lower cost in order that a
uniform magnetic field may be created by the current-
conductive coil.

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a perspective view showing a single
pancake coil;

Fig. 2 is a perspective view showing a double
pancake coil;

Fig. 3 is a perspective view showing the conven-
tional method of manufacturing the current—conductive
coil;

Fig. 4 is a perspéctive view showing the
conventional current—-conductive coil sectioned partly;

Fig. 5 is a perspective view showing a method for
manufacturing the current—-conductive coil according to
the present invention;

Fig. 6 is a perspective view showing a single
pancake coil sectioned partly;

Fig. 7 is a perspective view showing a process of
insulating a double pancake coil; and _

Fig. 8 is a sectional view showing a modification
of the conductor.

Figs. 5, 6 and 7 show manufacturing processes of
current—conductive coils embodied according to the
present invention, in which Fig. 5 is a perspective view
showing a process for winding the conductor, Fig. 6
a perspective view showing a single pancake coil sec-
tioned partly, and Fig. 7 a perspective view showing an
insulating process performed when single pancake coils
are put one upon the other to make a double pancake
coil.

A single pancake coil 20 shown in Fig. 5 includes
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a hollow conductor 22 wound in a spiral, and a prepreg
tape 40 interposed along the conductor 22 when this
is wound. The conductor 22 has a subétantially
rectangular section, and a hollow portion 24 in the
center of its section extending along its longitudinal
axis and through which cooling water flows. Four '
corners of the conductor 22 are éhéﬁféfed to form
chamfered portions 26. |

The brepreg tape 40 is prepared_by cutting the
prepreg in such a way that it is wide enough to cover
the face of the conductor where the conductor is

brought into contact with its adjacent inside one

‘during the winding procéss. The prepfeg itself is made

by impregnating a sheét—shaped reinforcing material such
as. fabric, paper and matfwith thérmosetting resin. The
thermosetting resin may be polyester, epoxydiaryl
phthalate, phenol or solamine. The reinforcing matefial
may be cloth‘of glass fabric, mat, rope, robe, paper,
éotton fabric, nonwoven polyester fabric, or kraft
paper. The glaés cloth, for example, is immersed in

epoxy resin liquid to impregnate both faces of the cloth

~with epoxy resin, thus makiﬁg the prepreg. The prepreg

is not sticky, and is easy to cut and treat. When the
prepreg is heated under pressurized conditions, the
resin impregnated in it becomes liguid to £ill the space’
between the conductor and its adjacent inside one,’
and then hardens to fix the conductor. '
When the hollow coil conductor 22 is wound in a )
spiral, it is wound with the prepreg tape 40 interpoéed
between its already-wound portion 28 and its to-be-wound
portion 30, as shown in Fig. 5. As the.result, the
prepreg tape 40 is sandwiched between the outer
circumferential face (fixing or overlapping face) of
its inside portion and the inner circumferential face
(fixing or overlapping face) of its outside portion to
cover the whole of each of these faces, so that the

single pancake coil 20 in which its inside portion (or
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already-wound portion) has been electrically insulated
from its outside portion (or to-be-wound portion) can be
obtained.

Two single pancake coils 20 are then coaxially
put one upon the other with prepreg sheets 42 sandwiched
between them. In this case, however, the direction in
which one of the pancake coils 20 is wound is made
opposite to that of the other. The prepreg may be cut
in a ring and then arranged on one of the pancake coils’
20. However, it is preferable that the prepreg be cut
into four prepreg sheets 42, "for eiample, corresponding
to the shape devided from the ring—shaped plain face of
the pancake coil 20, and that these four prepreg sheets
42 are connected with one another in the circumferential
direction of the pancake coil 20 and then arraﬁged
thereon. The dimension errors relating to the plain
face of the pancake coil 20 and the shape of the prepreg
sheets can be thus absorbed by the manner of arranging
four prepreg sheets 42 on the plain face of the pancake
coil 20. As a result, the plan face of the pancake coil
20 can be covered completely by the prepreg sheets 42 to
thereby insulate one of the pancake coils 20 from the
other electrically.

These two pancake coils 20 are then fixed under a
pressurized condition by means of a tool such as a metal
frame. The pancake coils 20 thus pressurized and fixed
are heated and dried in a heating furnace such as an
electric furnace. The resin impregnated in the prepreg
tape 40 and sheets 42 thus becomes liguid to £ill
the spaces between the inner and outer circumferential
faces of the conductors 22 and also between the pancake
coils 20. As it hardens, insulating layers of'resin
are formed between the circumferential faces of the
conductors 22, and between the plain faces of the
pancake coils 20 to fix the conductors 22.

When a prepreg made by impregnating glass cloth

with epoxy resin is used, the resin becomes hardened by
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heating the prepreg at 130 to 150°C for 8 to 10 hours.
On the other hand, when another prepreg made by
impregnating unwoven polyester fabric with epoxy resin
is used, the resin becomes hardened by heating the
prepreg at 120°C for two hours.

The conductor 22 has chamfer portions 26 formed

" at the four corners thereof, and these chamfer portions

26 serve as passages through which the heated resin
moves and through which the excessive resin escapes,
thus enabling the insulating layer of resin to be
uniform. Even if any error is caused when the prepreg
is cut to a tape 40 or even if any positional error

is caused when the conductor 22 is wound, the conductor
22 is separated from its adjacent inside and outside
ones at»ﬁheirvghamfey,portiqns;wthus preventing any
insulating trouble from happening. '

The thickness of the prepreg tépe 40 or sheet 42
is determined by voltages applied to the coil‘line“and~
between the pancake coil lines. 1In the case of the
hollow coil employed in the diagnostic nuclear magnetic
resonance device, for example, it is enough to create a

magentic field of several kilo-gausses. Therefore, a

" voltage of only several tens volts is applied between

the pancake coils. Since the insulating resistance of
epoxy resin is larger than 1014 gcm when'expressed by
the-ratio of volume resistance, resistance larger thah
30 M2 can be obtained when the area of the resin layer
is 10% ncm? and its thickness is 0.1 mm. Therefore,
the prepreg layer, about 0.1 mm thick, is enough to
serve as the insulator in the above application. The
prepreg tape 40 or sheet 42 whose thickness is iarger
than 0.1 mm is usually employed, taking safety into
consideration. In the case of the prepreg impregnated
with epoxy resin, resistance larger than 100 M} can be
obtained at a common’temperature when the prepreg tape
or sheet whose thickness is 0.32 mm is used. When it is

intended to form a layer of prepreg whose thickness is
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0.6 mm, for example, it is preferable that prepreg tapes
or sheets of 0.3 mm thick are used in an overlapped
manner rather than the prepreg tapes or sheets of 0.6 mm
thick. This is becuase even if one of the prepreg tapes
is slightly shifted from the circumferential face of

the conductor 22, some portions of the circumferential
face are left uncovered. However, when the tape is
overlapped on the circumferential face, the other tape
can cover these uncovered portions to secure insulation’
between the circumferential face and its adjacent one.
It is also preferable that the outermost circumferential
face of the conductor is covered by a prepreg tape
whose thickness is 0.5 mm so as to establish higher
insulation, becuase the outermost circumferential face
of the conductor is likely to be subjected to severe
circumstances. -

It is relatively easy to obtain a coil conductor

-whose shape dimension. is highly accurate, and a prepreg.

tape or sheet whose thickness is highly accurate.
According to the present invention, the conductor

is not wound by the insulating tape, but the prepreg
tape 40 is overlapped onto the circumferential face

of the conductor 22, thus enabling the insulating
layer to be high in its dimension accuracy. Therefore,
the dimension accuracy of the current-conductive coil
is high. The diameter of the finished coil is different
by only about 2 mm from the desired diameter even if
the coil is a large-sized hollow coil for use in
diagnostic nuclear magnetic resonance devices. When
the current—conductive coil according to the present
invention is used, therefore, a uniform magnetic field
can be created. 1In addition, the insulating process is
easily done in the case of the method for manufacturing
the current—-conductive coil according to the present
invention, thus allowing the current-conductive coil to
be manufactured with more simplicity and at higher

speed.
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Two pancake coils 20 are press-fixed with the
prepreg sheets 42 interposed between them, and then
heated to make the conductors adhere as in the above-
described embodiment. However, each of the single
pancake coils may be formed and then heated to make
the conductors also adhere, and the two pancake
coils 20 can be press-fixed with the prepreg sheets
42 séndwiched between them, and then heated to make
these two pancake coils 20 adhere to each other. The
conductor is not limited to having a rectangular
section; it may also be flat in section, as shown
in Fig. 8. 1In short, it may have a linearly-extending
portion at the edge of that area where its inner
and outer sections 32 and 34 are opposed face to
face. Further, its hollow portion 24 through which
the cooling water flows is not limited to haVing a
circular section; it may also be rectangular in section,
asAshown,in Fig. 8.

The pancake coils press—-fixed by metal frame have
been heated in a heating furance in the above-described
embodiment. However, the resin may be heated by that

resistance heat of the conductors themselves which

"is caused by applying current to the conductors in

the pancake coils which have been press—fixed by a metal
frame.
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Claims:

1. A current-conductive coil comprising:

a conductor (22) wound in a spiral and having
a pair of inner and outer fixing faces when viewed in
the direction in which the conductor is wound in a
spiral; characterized by comprising

a prepreg tape (40) interposed between the adjacent
fixing faces of the conductor (22), said prepreg tape
(40) being wide enough to cover the fixing face,
extending along the fixing face, and being heated to
fix the fixing faces so as to electrically insulate
the fixing face of the conductor from its adjacent one.

2. A current-conductive coil according to
claim 1, characterized in that the conductor (22)
haé a rectangular section.

| 3. A current—-conductor coil according to claim 2,

characterized in that the conductor (22) has chamfer
portions (26) formed at its four corners.
| 4. A current-conductive coil according to claim 1,
characterized in that the prepreg tape (40) is made by
impregnating a reinforcing sheet with thermosetting
resin, the resin being made liquid to fill between the
fixing faces and then hardened to fix said fixing faces
when it is heated. .

5. A current-conductive coill according to claim 4,
characterized in that said reinforcing sheet is of glass
fabric cloth, and the thermosetting resin is of epoxy.

6. A current—conductive coil comprising:

two pancake coils (20) each including a conductor
(22) wound in a spiral and having a pair of inner and
outer fixing faces when viewed in the direction in which
the conductor is wound in a spiral;

characterized in that the two pancake coils (20)
each including a prepreg tape (40) interposed between
the adjacent fixing faces of the conductor, said

prepreg tape (40) having a width enough to cover the
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fixing face, extending along the fixing face, and being
heated to fix the fixing faces so as to electrically
insulate the fixing faces of the conductor from its
adjaéent one; and ring-shaped plain faces, and

characterized by comprising a prepreg sheet (42)
sandwiched between the two pancake coils (20) which are
coaxially put one upon the other with their wound-
directions opposed to each other, said prepreg sheet
(42) being heated to fix the pancake coils (20) with
each other and to electrically insulate the pancake
coils from each other. ‘

7. A current—conductiVe coil according to
claim 6, characterized in that the conductor (22)
has a rectangular section.

8. A current-conductive coil according to claim 7,
characterized in that the prepreg sheet (42) consists of
four portions which are laid on the ring-shaped plain
face of the pancake coil (20), and are arranged in the
circumferential direction of the pancake coil.

9. A current-conductive coil according to
claim 8, characterized in that the conductor (22)
has a rectangular section.

10. A current-conductive coil according to
claim 9, characterized in that the conductor (22)
has chamfer portions (26) formed at its four corners..

11. A current-conductive coil according to
claim 10, characterized in that the prepreg tape (40)
and sheet (42) are made by impregnating a reinforcing
sheet with thermosetting resin, the resin being made
liquid to £ill between the fixing faces and also between
the pancake coils and then hardened to fix the fixing
faces with each other and also the pancake coils with
each other, when it is heated.

12. A current-conductive coil accoding to
claim 11, characterized in that the reinforcing sheet
is of glass fabric cloth and the thermosetting resin is
of epoxy.
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13. A method for manufacturing the current-
conductive coil characterized by comprising:

a first process of winding a conductor (22) in
a spiral and sandwiching a prepreg tape (40) between the
already-wound portion (28) and to-be-wound portion (30)
of the conductor (22) to form a single pancake coil
(20), said prepreg tape (40) having substantially same
width as that fixing face of the already-wound portion
(28) of the conductor where the to-be-wound portion
(30) of the conductor is wound; and

a second process of heating the single pancake coil
(20), which has been wound with the prepreg tape (40)
sandwiched, under a pressurized condition to fix the
wound conductor and to insulate the fixing face of
the conductor from its adjacent one. }

14, A method of manufacturing the current-
conductive coil according to claim 13, characterized by
further comprising a third process betwteen the first
and the second process, of coaxially putting two single
pancake coils (20), each of which has been wound with
prepreg tape sandwiched after the first process, one
upon the other with a prepreg sheet (42) interposed
between them, and characterized in that in said second
process these two single pancake coils (20) are heated
under a pressurized condition to fix the coil conductor
itself and the single pancake coils to each other and
to electrically insulate the fixing face of the con-
ductor from its adjacent one and one of the single
pancake coils (20) from each other.

15. A method for manufacturing the current-
conductive coil according to claim 13, characterized by
further comprising:

a fourth process of coaxially putting two single
pancake coils (20), each of which has been heated under
a pressurized condition after the second process, one
upon the other with a prepreg sheet (42) sandwiched

between them; and
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a fifth process of heating the thus—overlapped two
single pancake coils (20) under a pressurized condition
to fix the single pancake coils (20) with each other and
to electrically insulate the single pancake coils (20)
from each other. |

16. A method according to claim 14, characterized
in that the prepreg tape (40) and sheet (42) are made by
impregnating a reinforcing sheet with thermosetting
resin, the resin being made liquid to fill between the
fixing faces of the conductor and also between the
pancake coils, and then hardened to fix the fixing faces
of the conductor and also the pancake coils with each
other, when it is heated. ‘

17. A method according to claim 16, characterized
in that the reinforcing sheet is of glass fabric cloth
and the thermosetting resin is‘of epoxy, and the heating
temperature ranges from 130°C to 150°C while the heating‘
time ranges from 8 to 10 hours.

18. A method according to claim 14, characterized
in that the prepreg sheet consists of four portions (42)
which are laid on the ring-shaped plain face of the
pancake coil (20) and are arranged in the circumferen-

tial direction of the pancake coil.
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