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DESCRIPTION

STRUCTURE FOR END OF MI CABLE AND METHOD FOR PRODUCING THE
SAME

Technical Field

[0001] The present invention relates to a structure for an end of an MI cable in which
a wire is held in a metal sheath with a mineral insulating powder interposed
therebetween, and which is used for a sheathed thermocouple. a sheathed resistance
thermometer, a microheater, or the like, and a method for producing the same.
Background Art

[0002] An MI cable is a cable in which one or a plurality of wires are held in a metal
sheath with a mineral insulating powder such as magnesia, silica, alumina, or the like,
interposed therebetween.

0003} An MI cable is used, for example, for a sheathed thermocouple, a sheathed
resistance thermometer, a microheater, or the like.  As is well known, one or a
plurality of pairs of thermocouple wires are held as the wires of an MI cable used for a
sheathed thermocouple, typically three or four copper wires are held as the wires of an
MI cable used for a sheathed resistance thermometer, and one or two electrical
resistance wires are held as the wires of an Ml cable used for a micrchesater.

[0004] An MI cable is used mainly in a high temperature environment or corrosive
environment that is intolerabie for an ordinary soft cable having an insulating
material or a covering material made of polyethvlene, vinyl, rubber, or the like. Atan
end of the MI cable, the wires of the MI cable are connected to lead wires of a soft cable.
For exarople, the thermocouple wires of an Ml cable for a sheathed thermocouple are
connected to lead wires of a soft cable configured by thermocouple compensating lead
wires, the copper wires of an MI cable for a sheathed resistance thermometer are
comected te lead wires of a soft cable configured by copper lead wires, and the
electrical resistance wires of an MI cable for a microheater are connected to lead wires
of a soft cable for supplying a current to these wires.

[0005] The structure for connecting the wires af an end of the M1 cable to the lead

wires of the soft cable is required 1o realize a function of insulating the interior of the
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MI cable from the outside air by sealing in order to prevent the insulating properties of
the mineral insulating powder inside the M1 eable from being lowered by the entrance
of moisture, and a function of preventing breakage of a thin wire exposed from the
metal sheath of an MI cable especially in the case of an MI cable having a small outer
diameter.

Patent Documents 1 and 2 describe a simple structure for an end of an MI
cable, in which a portion connecting wires exposed from the metal sheath to lead wires
of a soft cable 1s covered by a metal sleeve, and the metal sleeve is filled with an
insulating material.

[0006] Hereinafter, a conventional structure for an M1 cable having two wires will be
described.  Note that the same can be applied to those having a different number of
Wires.

[0007] FIG. 7 is a typical example of a simple structure for an end of an MI cable
conventionally used for a sheathed thermocouple, corresponding to the structure
shown in FIG. 2 of Patent Document 1. FIG. 7 is a crose-sectional view, wherein a
soft cable 5 is shown as a view from the outside.

[0008] A portion connecting ends of two wires 8 exposed from an MI cable 1, in which
the wires 3 are held in a cylindrical metal sheath 2 with a mineral insulating powder 4
interposed therebetween, to ends of lead wires 6 exposed by stripping off a cover 7 of
the soft cable 5 is held in a metal sleeve 10, and the metal sleeve 10 is filled with a
resin 20.  The interior of the MI cable 1 is insulated from the outside air by the resin
20, 5o that the insulating properties are prevented from being lowered by the entrance
of moisture, and breakage of the thin wires 3 exposed from the MI cable 1 is prevented
by the metal sleeve 10 and the resin 20.

{00091 Although not described in Patent Document 1, the interior of the M1 cable 1 is
often sealed from the outside, by removing in advance the mineral msulating powder
at an end of the MI cable 1 and filling the space formed by the removal with a resin
sealing member 14, in order to reliably insulate the mterior of the MI cable 1 from the
outside azr. Furthermore, an end 15 of the metal sleeve 10 on the MI cable-side is
often welded or brazed around the entire circumference of the metal sheath 2 of the MI

cable 1.
[0010] FIG. 8is a typical exaraple of a simple structure for an end of an MI cable
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conventionally used for a microheater, corresponding to the structure shown in FIG.
1{a) of Patent Document 2. FIG. 8 is a cross-sectional view, wherein the soft cable 5 is
shown as a view from the outside.

[0011] A portion connecting ends of two wires 3 exposed from the MI cable 1, in
which the wires 3 are held in a cylindrical metal sheath 2 with a mineral insulating
powder 4 interposed therebetween, to ends of lead wires 6 exposed by stripping off a
cover 7 of the soft cable 5 is held in a metal sleeve 10, as in the example shown in FIG.
7.

In the case of a microheater, the wires 3 of the MI cable 1 are electrical
resistance wires, and the temperature at the end of the M1 cable 1 may increase due to
heat generated by the wires 8. Thus, in view of heat resistance, a resin is seldom
used therein. Instead, a mineral insulating powder 21 is often used to fill the metal
sleeve 10, and a heat-resistant sealing member 14 such as glass or ceramice is often
used to seal the end of the metal sleeve 10. Furthermore, since the mineral
insulating powder 21 has no sealing properties, an end 15 of the metal sleeve 10 on the
MI cable-side is always welded or brazed around the entire circumference of the metal
sheath 2 of the MI cable 1.  The interior of the MI cable 1 is insulated from the outside
air by the welding or the brazing around the entire circumference of the sealing
member 14, and breakage of the wires 3 exposed from the MI cable 1 is prevented by
the metal sleeve 10 and the mineral insulating powder 21.

[0012] Note that, in FIGS. 7 and 8, the same constituent components as those in
embodiments of the present invention are denoted by the same reference numerals as
those in drawings illustrating the embodiments of the invention. The same can be
applied to FIG. 9 described later.

[0013] Other examples of a simple structure for an end of an MI cable used for a
sheathed thermocouple include a structure as shown in FIG. 2 of Patent Document 3
in which a metal holding arm that bridges an MI cable and a soft cable is provided as a
mechanical reinforcing member instead of a metal sleeve, and the entire connecting
portion including the holding arm is molded with a resin. Also in this case, the end of
the MI cable 1is often sealed by a resin in advance, in order to reliably insulate the

interior of the MI cable from the outside air.
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Prior Art Document
Patent Document
[0014]
[Patent Document 1] JP 11-1668674
[Patent Document 2} JP 2010-257582A
[Patent Document 3] Microfilm of Japanese Utility Model Application No.
561017556 (Laid-open No. 58-8135)

Summary of Invention

Problem to be Solved by the Invention

[0015] Typical examples of & simple structure for an end of an MT cable, connecting
wires of the MI cable to lead wires of a soft cable, are shown in FIGS. 7 and 8, but even
these simple structures require a large number of processing steps for the production.
[0016] FIG. 9is a cross-sectional view showing processing steps for producing the
structure for the end shown in FIG. 7. The soft cable 5 is shown as a view from the
outside. Note that the reference numerals in FIG. 9 ave indicated only at points
where the constituent components are showyn fiest,

[0017] First, an MI cable 1 configured by a metal sheath 2, a mineral insulating
powder 4, and wires 3 is cut to have a necessary length as shown in FIG. 9).  Then,
the metal sheath 2 is stripped off such that the wires 3 at the end are exposed as
shown in FIG. 9(b). The mineral insulating powder 4 inside the metal sheath 2 that
has been stripped off is removed, the mineral insulating powder 4 at the end of the MI
cable 1is removed, and the space formed by the removal is filled with the resin sealing
memnber 14 as shown in FIG. 9(¢). Then, the exposed ends of the wires 3 and ends of
lead wires & of the soft cable 5 are connected as shown in FIG. 9(d). The wires are
connected typically by welding, brazing, or erimping. Then, a metal sleeve 10 fitted in
advance around the MI cable 1 is shd to a predetermined position, and the end 15 of
the matal sleeve 10 on the MI cable-side is attached by being welded around the entive
circumference of the metal sheath 2 of the MI cable 1 as shown in FIG. 9e). Then, a
resin 20 is applied to fill the metal sleeve 10, and is dried and cured, so that the
completed state is obtained as shown in FIG. 900,

[0018] In this manner, a conventional structure for an end of an MI cable is
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problematic in that it requires a large number of processing steps, and
further requires a large amount of effort and time for the production.
Basically, there is a similar problem in the structure for the end shown in
FIG. 8 and the structure for the end shown in FIG. 2 of Patent Document 3.
Although the structure for the end in FIG. 8 does not require the process that
seals the end of the MI cable with the resin sealing member 14 or the process
that fills the metal sleeve 10 with the resin 20, it additionally involves a
process that fills the mineral insulating powder 21 and a process that seals
the end of the metal sleeve 10 with the sealing member 14. Also, although
the structure shown in FIG. 2 of Patent Document 3 does not require the
process that welds or brazes the metal sleeve 10 around the entire
circumference of the metal sheath 2 or the process that fills the metal sleeve
10 with the resin 20, it additionally involves a process that attaches the
holding arm and a process that performs resin molding.

[0019]

The present invention was arrived at in view of the above-described problem
that the production requires a large amount of effort and time, and it is an
object thereof to provide a connector-type structure for an end of an MI cable,
capable of being produced in a short time with a small number of processing
steps, in which the structure for the end of the MI cable is configured as a
male connector having a rod-like electrode or as a female connector having a
cylindrical electrode and is connected to a female connector or a male

connector provided on a soft cable.

[Means for Solving the Problems]
[0020]

In order to solve the above-described problem, the structure for an end of an
MI cable is provided as shown in third and fourth aspects described below,
and the method for producing the same is provided as shown in first, second,

and fifth to seventh aspects described below.
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[0021]
(First Aspect)

In order to solve the above-described problem and achieve the
above-described object, a first aspect of the present invention is directed to a
method for producing a structure for an end of an MI cable in which one or a
plurality of wires are held in a cylindrical metal sheath with a mineral
insulating powder interposed therebetween,

whevrein the structure includes a connector attached to the end of the MI
cable, the end being formed by cutting the MI cable substantially at a right
angle with respect to an axial direction thereof,

the connector has:

a metal sleeve having one through hole, and having at least one end in the
shape of a ¢ylindrical portion having an inner diameter that allows an inner
face of the cylindrical portion to come into contact with an outer face of the
metal sheath, wherein the end of the MI cable is inserted into the cylindrical
portion, and an end of the cylindrical portion is welded around the entire
circumference of the metal sheath of the MI cable;

a hermetic sealant made of an insulating material, provided in front of the
end of the MI cable inserted into the through hole of the metal sleeve with
respect to the insertion direction, and having an outer circumference in
contact with the metal sleeve around the entire inner circumference thereof,
thereby preventing the outside air from entering the side of the metal sleeve
on which the MI cable has been inserted; and

metal pins provided in the same number as the number of the wires of the
MI cable, made of an electric conductive material harder than the wires of the
MI cable, inserted via the hermetic sealant into the through hole of the metal
sleeve in an axial direction thereof, and each having a sharp-pointed portion
at a front end thereof on the side closer to the cylindrical portion of the metal
sleeve and a rod-like or cylindrical portion at a rear end thereof on the side
opposite from the cylindrical portion;

the metal pins are arranged such that an axial direction of the front ends
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thereof substantially conforms to the axial direction of the cylindrical portion
of the metal sleeve, the sharp-pointed front ends thereof are positioned on the
same plane perpendicular to the axial direction of the cylindrical portion of
the metal sleeve, and an arrangement of the sharp-pointed front ends on that
plane matches an arrangement of the wires on the cutting surface of the Ml
cable,

the metal pins are fixed by the hermetic sealant in a state where the
sharp-pointed front end of each of the metal pins is stuck substantially
perpendicularly into the end face of each of the wires of the MI cable, and in a
state where the metal pins are prevented from being brought into contact
with each other and with the metal sleeve, and

the cylindrical portion of the metal sleeve into which the end of the MI
cable is inserted has a thickness smaller than that of the metal sheath,

the method including:

an MI cable inserting step (1) of inserting the end of the MI cable, the end
being formed by cutting the MI cable substantially at a right angle with
respect to an axial direction thereof, into the cylindrical portion of the metal
sleeve of the connector such that the sharp-pointed front end of each of the
metal pins is brought substantially perpendicularly infto contact with the end
face of each of the wires of the MI cable; and

a metal sleeve welding step of welding the end of the cylindrical portion of
the metal sleeve around the entire circumference of the metal sheath of the
MI cable, in a state where the portion of the MI cable not inserted into the
metal sleeve is immobilized and the metal sleeve is prevented from sliding in
a direction away from the MI cable;

wherein, due to shrinkage of the cylindrical portion of the metal sleeve
after the welding around the entire circumference in the metal sleeve welding
step, the sharp-pointed front ends of the metal pins are stuck substantially
perpendicularly into the end faces of the wires of the MI cable, and, thus, the
structure for the end of the MI cable is produced.
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[0022]

According to the above-described structure, the wires of the MI cable are not
exposed from the MI cable, and, thus, prevention of breakage of the wires
does not need to be provided even in the case of an MI cable having a small
outer diameter. Furthermore, since the hermetic sealant is provided and the
end of the metal sleeve on the MI cable-side is welded around the entire
circumference of the metal sheath of the MI cable, the interior of the MI cable
is insulated from the outside air, so that the insulating properties of the
mineral insulating powder inside the MI cable are prevented from being
lowered by the entrance of moisture.

Furthermore, the metal pins are held by the hermetic sealant in a state
where the metal pins are prevented from being brought into contact with
each other and with the metal sleeve, and, thus, the insulation resistance is
prevented from being lowered by contact between the metal pins or between
the metal pin and the metal sleave.

Furthermore, the end of the attached connector on the side opposite from
the MI cable is configured as a male connector (or a female connector) having
rod-like (or cylindrical) rear ends of the metal pins in the metal sleeve or
protruding from the end face of the metal sleeve, and can be fitted into a
corresponding female connector (or male connector) provided on an end of an
ordinary soft cable having an insulating material or a covering material made
of polyethylene, vinyl, rubber, or the like, so that the wires of the MI cable
and the lead wires of the soft cable can be connected. Note that it is
economical to shape the metal sleeve and the metal pins as the male
connector (or the female connector) on the MI cable-side so it can be fitted
into an inexpensive general-purpose female connector {or male connector)
that is commercially available.

[0023]

According to the production method of the present invention, the processing

steps for producing the structure for the end of the MI cable are as follows.

Only if a metal sleeve of a connector using metal pins as lead wires and
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having a hermetic sealant is prepared in advance, basically, the production
requires only two steps consisting of an MI cable inserting step (1) and a
metal sleeve welding step. That is to say, there is no need to perform
conventional complicated processes such as a process that exposes the wires,
a process that fills the metal sleeve with a resin or a mineral insulating
powder, and a process that seals the end of the metal sleeve with a sealing
member, which, together with a reduction in the number of processing steps,
makes it possible to perform the production in an extremely shorter time
than that in conventional examples.

[0024]

According to the production method of the present invention, since the end
of the cylindrical portion of the metal sleeve on the MI cable-side has a wall
thickness smaller than that of the metal sheath of the MI cable, and the end
of the cylindrical portion of the metal sleeve is welded around the entire
circumference of the metal sheath of the MI cable in a state where the
connector is prevented from sliding in the direction away from the MI cable, a
molten pool of the welding shrinks after the welding, and, furthermore, the
cylindrical portion of the metal sheath at which the temperature becomes
higher than the metal sheath of the MI cable due to the welding heat shrinks
more than the metal sheath after the welding, and, thus, the connector slides
toward the MI cable.

[0025]
(Second Aspect)

A second aspect of the present invention is directed to the method for
producing the structure for the end of the MI cable according to the first
aspect,

wherein the structure for the end of the MI cable further includes a sealing
member made of a resin that fills a space formed by removing the mineral
insulating powder at the end of the MI cable, and the interior of the MI cable
is sealed from the outside by the sealing member,

the method further including:



10

15

20

25

30

10

a sealing member filling step of filling, with a sealing member made of a
resin, a space formed by removing the mineral insulating powder at the end
of the MI cable, the end being formed by cutting the MI cable substantially at
a right angle with respect to an axial direction thereofs

wherein, in the MI cable inserting step (1), the MI cable is inserted into the
cylindrical portion of the metal sleeve such that the sharp-pointed front ends
of the metal pins are brought substantially perpendicularly into contact with
the end faces of the wires at the end of the MI cable or a surface of the sealing
member immediately over the end faces of the wires of the M1 cable covered
by the filled sealing member, and

the sealing member filling step is performed before the MI cable inserting
step (1).

[0026]

According to the structure of this aspect, not only because the hermetic
sealant is provided and the end of the metal sleeve on the MI cable-side is
welded around the entire circumference of the metal sheath of the MI cable,
but also because the sealing member is further provided at the end of the MI
cable, sealing of the interior of the MI cable from the outside air is doubled,
and the interior of the MI cable has been reliably insulated from the outside
air. According to the production method of the present invention, with this
sealing process, the number of processing steps increases, but the process
that seals the end of the MI cable is conventionally performed in many cases
as described above, and it is not complicated as the conventional process that
exposes the wires. Accordingly, the advantage that the production is
possible in a short time with a small number of processing steps compared
with conventional examples is not impaired.

[0027]

(Third Aspect)

A third aspect of the present invention is directed to a structure for an end of

an MI cable in which one or a plurality of wires are held in a cylindrical metal

sheath with a mineral insulating powder interposed therebetween, including:
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a connector attached to the end of the MI cable, the end being formed by
cutting the MI cable substantially at a right angle with respect to an axial
direction thereofs

wherein the connector has:

a metal sleeve having one through hole, and having at least one end in the
shape of a cylindrical portion having an inner diameter that allows an inner
face of the cylindrical portion to come into contact with an outer face of the
metal sheath and having a thickness smaller than that of the metal sheath,
wherein the end of the MI cable is inserted into the cylindrical portion, and
an end of the cylindrical portion is welded around the entire circumference of
the metal sheath of the MI cable;

a stopper block made of an insulating material, provided in front of the end
of the MI cable inserted into the through hole of the metal sleeve with respect
to the insertion direction, and having through holes;

metal pins provided in the same number as the number of the wires of the
MI cable, made of an electric conductive material harder than the wires of the
MI cable, inserted via the th;cough holes of the stopper block into the through
hole of the metal sleeve in an axial direction thereof, and each having a
sharp-pointed portion at a front end thereof on the side closer to the
cylindrical portion of the metal sleeve and a rod-like or cylindrical portion at
a rear end thereof on the side opposite from the cylindrical portion; and

a sealing member made of a resin that fills a space formed by removing the
mineral insulating powder at the end of the MI cable, the sealing member
being provided such that the interior of the MI cable is sealed from the
outside;

the number of through holes provided in the stopper block is the same as
the number of the metal pins, and each of the metal pins is inserted into each
of the through holes,

the metal pins are each provided with a protruding portion
having an outer diameter larger than the smallest diameter of the through

hole of the stopper block or a portion curved greater than the smallest
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diameter of the through hole of the stopper block, and the protruding portion
or the curved portion abuts against the stopper block around the through hole,
so that the metal pin cannot be pulled out in a direction away from the
cylindrical portion of the metal sleeve, and, furthermore, a clearance from the
metal pin inside the through hole of the stopper block to the through hole of
the stopper block is set such that a change in the angle of the metal pin
allowed by the clearance is 2 degrees or smaller,

the metal pins are arranged such that, in a state where the protruding
portion or the curved portion of the metal pins abuts against the stopper
block around the through hole, an axial direction of the front ends of the
metal pins substantially conforms to the axial direction of the cylindrical
portion of the metal sleeve, the sharp-pointed front ends thereof are
positioned on the same plane perpendicular to the axial direction of the
cylindrical portion of the metal sleeve, and an arrangement of the
sharp-pointed front ends on that plane matches an arrangement of the wires
on the cutting surface of the MI cable, and

the metal pins are fixed by a pressure from the stopper block at a point
where the protruding portion or the curved portion abuts against the stopper
block around the through hole, in a state where the sharp-pointed front end
of each of the metal pins is stuck substantially perpendicularly into the end
face of each of the wires of the MI cable, and in a state where the metal pins
are prevented from being brought into contact with each other and with the
metal sleeve.
[0028]

According to the present invention, the interior of the MI cable is
insulated from the outside air by the sealing member at the end of the MI
cable.

Furthermore, a clearance from each metal pin to the through hole of the
stopper block is set such that a change in the angle of the metal pin is 2
degrees or smaller, and, thus, dislocation of the front end of the metal pin is

small, so that the metal pins can be arranged such that the axial direction of
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the front ends thereof substantially conforms to the axial direction of the
cylindrical portion of the metal sleeve, the sharp-pointed front ends thereof
are positioned on the same plane perpendicular to the axial direction of the
cviindrical portion, and the arrangement of the sharp-pointed front ends on
that plane matches the arrangement of the end faces of the wires on the
cutting surface of the Mi cable.

Moreover, prevention of breakage of the wires of the MI cable does not need
to be provided even in the case of an MI cable having a small outer diameter
because the wires are not exposed from the MI cable, as in the first and the
second aspects.

Furthermore, also in this aspect, the end of the attached connector on the
side opposite from the MI cable is configured as a male connector (or female
connector) having rod-like (or cylindrical) rear ends of the metal pins in the
metal sleeve or protruding from the end face of the metal sleeve, and can be
fitted into a corresponding female connector (or male connector) provided on a
soft cable, so that the wires of the MI cable and the lead wires of the soft
cable can be connected.

[0029]
(Fourth Aspect)

A fourth aspect of the present invention is directed to the structure for the
end of the MI cable according to the third aspect, wherein the front end of
each of the metal pins has a plurality of sharp-pointed portions.

[0030]

In the case of 2 metal pin merely having a sharp-pointed front end, which is
to be stuck into the end face of the wire of the MI cable, especially if a
plurality of such wires are arranged, precise positioning of the metal pins is
necessary to stick all of the metal pins into the respective wires. On the
other hand, in the case of a metal pin having a plurality of sharp-pointed
portions as in the present invention, even when there is slight displacement
in the position, the metal pin can be electrically connected to the wire as long

as any one of the plurality of sharp-pointed portions is stuck into the end face
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of the wire.
{0031
[0032]
[0033}
[0034]
(Fifth Aspect)
A fifth aspect of the present invention is directed to a method for producing
the structure for the end of the MI cable of the third aspect, including:

a sealing member filling step of filling, with a sealing member made of a
resin, a space formed by removing the mineral insulating powder at the end
of the M1 cable, the end being formed by cutting the MI cable substantially at
a right angle with respect to an axial direction thereof;

an MI cable inserting step (2) of inserting the MI cable into the cylindrical
portion of the metal sleeve of the connector such that the sharp-pointed front
ends of the metal pins are brought substantially perpendicularly into contact
with the end faces of the wires at the end of the MI cable or a surface of the
sealing member immediately over the end faces of the wires of the MI cable
covered by the filled sealing member; and

a metal sleeve welding step of welding an end of the cylindrical portion of
the metal sleeve around the entire circumference of the metal sheath of the
MI cable, in a state where the portion of the MI cable not inserted inte the
metal sleeve is immobilized and the metal sleeve is prevented from sliding in
a direction away from the MI cable;

wherein, due to shrinkage of the cylindrical portion of the metal sleeve
after the welding around the entire circumference in the metal sleeve welding
step, the sharp-pointed front ends of the metal pins are stuck substantially
perpendicularly into the end faces of the wires of the MI cable, and, thus, the
structure for the end of the MI cable is produced.

[0035]
According to the plresent invention, the time necessary for the production

can be shortened because the number of processing steps is reduced and
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complicated processes are avoided compared with conventional examples,
and, furthermore, due to shrinkage after welding of the end of the cylindrical
portion of the metal sleeve around the entire circumference of the metal
sheath of the MI cable, the sharp-pointed front ends of the metal pins are
stuck substantially perpendicularly into the wires of the MI cable, as in the
first and the second aspects.

[0036]
(Sixth Aspect)

An sixth aspect of the present invention is directed to the method for
producing the structure for the end of the MI cable according to any one of the
first, the second, and the fifth aspects, wherein the front end of each of the
metal pins has a plurality of sharp-pointed portions. This aspect provides
the effects as described in the fourth aspect.

[0037]
(Seventh Aspect)

A seventh aspect of the present invention is directed to the method for
producing the structure for the end of the MI cable according to any one of the
first, the second, and the fifth aspects, further including:

a connector impact step of impacting an end face of the connector on the
side opposite from the MI cable, so that the sharp-pointed front ends of the
metal pins are stuck substantially perpendicularly into the end faces of the
wires of the MI cable;

wherein the connector impact step is performed before the metal sleeve

welding step.
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[0038]

If the shrinkage amount of the cylindrical portion of the metal sleeve after
the welding is so small that the length by which the sharp-pointed front ends
of the metal pins are stuck into the wires of the MI cable is not sufficient,
contact failures tend to occur at this position. According to the method of the
present invention, if the shrinkage amount is small, the end face of the
connector on the side opposite from the MI cable is impacted, so that the front

ends of the metal pins are sufficiently stuck into the wires of the MI cable.

[Effects of the Invention]
[0039]

According to the present invention, a process that connects wires of an MI
cable to lead wires of an ordinary soft cable having an insulating material or
a covering material made of polyethylene, vinyl, rubber, or the like, the
process conventionally requiring a large number of processing steps, and
further requiring a large amount of effort and time for the production, can be

performed in a short time with a small number of processing steps.

[Brief Description of Drawings]
[0040]

[FIG. 1] FIG. 1(a) 1s a cross-sectional view of a structure for an end of an MI
cable according to a first embodiment of the present invention, and FIG. 1(b)
is a cross-sectional view of a structure for an end of a soft cable that can be

connected to the
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end of the MI cable.

[FIG. 2] FIG. 2(a) is & cross-sectional view of a structure for an end of an M1
cable according to a second embodiment of the present invention, and FIG. 2} is a
right side view of the structure for the end of the MI cable.

[F1G. 8] FIG. 8 is a cross-sectional view llustrating processing steps for
producing the structure for the end of the MI cable according to the second
embodiment of the present invention.

[FIG. 4] FIG. 4{a) is a cross-sectional view of a structure for an end of an MI
cable according to a third embodiment of the present invention, and FIG. 4(b) is a right
side view of the structure for the end of the M1 cable.

[FIG. 5] FIG. 5 is a cross-sectional view of a structure for an end of an MI cable
held in a terminal head according to a fourth embodiment of the present invention.

[FIG. 6] FIG. 6 is an external view of a metal pin whose front end is provided
with a plarality of sharp-pointed portions according to the present invention.

[FIG. 7] FIG. 7 is a cross-sectional view showing a conventional structure for
an end of an M1 cable used for a sheathed thermocouple.

[F1G. 8] FIG. 8 is a cross-sectional view showing a conventional structure for
an end of an MI cable used for a microheater.

[FIG. 9] FIG. 9 is a cross-sectional view showing processing steps for

producing the structure for the end of the MI cable shown in FIG. 7.

Modes for Carrying out the Invention
[0041]
(First Embodiment)

Hereinafter, a structure for an end of an Ml cable and processing steps for
producing the same according to a fivst embodiment of the present invention will be
described with reference to the drawings. FIG. 1(a) is a cross-sectional view of a
structure for an end of an MI cable according to the first embodiment of the present
invention, and FIG. 1(b) is a cross-sectional view of a structure for an end of an
ordinary soft cable that can be connected to the structure for the end of the MI cable,
and that has an insulating material or a covering material made of polyethylene, vinvl,

rubber, or the like. Note that, although an MI cable 1 having two wires will be
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described in this embodiment, the same can be applied to those having one wire or
having three or more wires, and a description thereof has been omitted. The same
can be applied to the other embodiments.

[0042] As shown in FIG. 1(2), a connector 8a is attached to an end of an MI cable 1 in
which two wires 3 are held in a cylindrical metal sheath 2 with a mineral insulating
powder 4 interposed therebetween, the end being formed by cutting the MI cable 1
substantially at a right angle with respect to the axial direction. The connector 8a is
configured by a metal sleeve 10a having one through hole, a hermetic sealant 11 made
of an insulating material, provided in front of the end of the MI cable 1 inserted into
the through hole of the metal sleeve 10a with respect to the insertion direction, and
having an outer circumference in contact with the metal sleeve 10a around the entire
inner circumference thereof, thereby preventing the outside air from entering the side
of the metal sleeve 10a on which the MI cable 1 has been inserted, and two metal pins
13a provided in the same number as the number of wires 3 of the MI cable 1, and
inserted through the hermetic sealant 11 in the axial direction of the through hole of
the metal sleeve 10a.

[0043] The left end of the metal sleeve 10a on the MI cable 1-side is in the shape of a
cylindrical portion having an inner diameter that allows the inner face of the
cylindrical portion to come into contact with the outer face of the metal sheath 2 of the
MI cable 1, and having a thickness smaller than that of the metal sheath 2, and the
outer surface of the right end is provided with a male thread.

[0044] The metal pins 13a each have a sharp-pointed portion at a front end thereof
on the side closer to the cylindrical portion of the metal sleeve 10a, that is, at a front
end thereof on the left side closer to the MI cable 1, and a columnar rod-like portion at
a rear end thereof on the opposite side, and are made of a material harder than that
for the wires 3 of the MI cable 1.

[0045] The metal pins 13a are arranged such that the axial direction of the front ends
thereof substantially conforms to the axial direction of the cylindrical portion of the
metal sleeve 2, the sharp-pointed front ends thereof are positioned on the same plane
perpendicular to the axial direction of the cylindrical portion, and the arrangement of
the sharp-pointed front ends on that plane matches the arrangement of the end faces
of the wires 3 on the cutting surface of the MI cable 1.
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10046] The processing steps for the production are as follows. The end of the MI
cable 1, formed by cutting the MI cable 1 substantially at a right angle with respect to
the axial direction, is inserted info the éryﬁndrica,}, portion of the metal sleeve 10a of the
connector 8a such that the sharp-pointed front ends of the metal pins 13a are
respectively brought substantially perpendicularly into contact with the end faces of
the wires 3 (MI cable inserting step (1)). Then, in a state where the portion of the MI
cable 1 not mserted into the connector 8a is immobilized and the connector 8a is
prevenied by a jig (not shown) from sliding in the divection away from the MI cable 1,
an end 18a of the evlindrical portion of the metal sleeve 10a 1s welded around the
entire circumference of the metal sheath 2 of the MI cable 1 (metal slesve welding
step), and, thus, the production is completed.

[0047] The metal pins 13a are fixed by the hermetic sealant 11 in a state where the
sharp-pointed front end of each of the metal pins 182 is stuck substantially
perpendicularly into the end face of each of the wives 3 due to shrinkage of the
cylindrical portion of the metal sleeve 103 after the welding, and in a state where the
metal pins 13a ave prevented from being brought into contact with each other and
with the metal sleeve 10a.

[0048] If the shrinkage amount of the cylindrical portion of the metal sleeve 10a after
the welding is so small that the length by which the sharp-pointed front ends of the
metal pins 13a are stuck into the wires 3 is not sufficient, the end face of the connector
8a on the side opposite from the MI cable 1 may be impacted before the welding
around the entive crcumference so that the front ends of the metal pins 132 are
sufficiently stuck into the wires 3 (connector impact step). Omn the other hand, if the
shrinkage amount 1s 80 large that problems such as deformation of the connector 8a
occur, the thickness of the eylindrical portion of the metal sleeve 10a may be set io be
equal to or larger than the thickness of the metal sheath 2 so that an increase in the
temperature in the cylindrical portion at the time of welding is suppressed and the
shrinkage amount is reduced. These techniques can be applied also to the second to
the fourth embodiments described later

{0049]  Since the connector 8a attached to the end of the M1 cable 1 shown in FIG.
1(a) is configured as a male connector from which the metal pins 13a project as rod-like

electrodes, and can be fitted into a female connector ¢ provided on the soft cable 5-side
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as shown in FIG. 1(b), the wires 3 of the MI cable 1 and lead wires & of the soft cable 5
can be connected.

[0050] FIG. 1) is a cross-sectional view showing an example of a female connector
at the end of the soft cable 5, wherein the soft cable 5 1s shown as a view from the
outside. The lead wires 6 exposed by stripping off a cover 7 of the soft cable 5 are
connected by welding, brazing, or crimping to metal rods 18a having cylindrical ends
on the left side, the metal rods 18a ave held by a block 19 made of an insulating
material, and the block 19 is fixed fo an outer frame 16 by bonding or using screws (not
shown). Furthermore, the soft cable 5 is fixed to the outer frame 16 by crimping at
the right end of the outer frame 16.

[0051]  Aring 17 provided with a female thread is rotatably attached to the left end of
the outer frame 16. With rotation of the ring 17, the female thread is screwed into the
male thread at the right end of the sleeve 10a, so that the rod-like portions at the right
ends of the metal pins 13a ave inserted into the cylindrical portions at the left ends of
the metal rods 18a, and the wires 3 and the lead wires 6 are connected.

[0052]  According to this embodiment, since the constituent components other than
the hermetic sealant 11 are made of a metal or a mineral insulating material, if the
hermetic sealant 11 is made of a heat-resistant material such as glass or ceramic, the
entire structure for the end can be made heat resistant.  Accordingly, this structure is
preferable as a structure for an end of an M1 cable for @ microheater and the like, in
which electrical resistance wires are held as the wires and heat is generated.

(00581 A conceivable specific example for the application to a micrcheater is such that
a connector 8a configured by a hermetic sealant 11 made of ceramic, a metal sleeve 10a
made of SUS347, and metal pins 13a made of SUUS440C having high hardness is
attached to an Ml cable 1 having an outer diameter of 4.8 mm and configured by a
metal sheath 2 made of SUSS16, a mineral insulating powder 4 made of magnesia,
and wires 3 that are two nichrome wires.

{0054]  In this embodiment, a case was described in which the end of the MT cable 1 is
not filled with a resin sealing member, but there is no hmitation to this. If the end of
the Ml cable 1 in use 1s at a temperature not exceeding the allowsble temperature of 8
resin, a configuration may be adopted in which, as in the second embodiment

described below, the mineral insulating powder 4 at the end of the Ml cable 1is
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removed, and the space formed by the removal is filled with a resin sealing member, so
that the interior of the MI cable 1 is sealed from the outside by the sealing member.

In this case, in the MI cable inserting step (1), the Ml cable 1 is inserted into the
cvlindrical portion of the metal sleeve 10a such that the sharp-pointed front ends of the
metal ping 13a are brought substantially perpendicularly into contact with the end
faces of the wirves at the end of the MI cable 1 or the surface of the sealing member
mnmediately over the end faces of the wires of the MI cable 1 covered by the filled
sealing member.  With this processing, not only because the hermetic sealant 111s
provided and the end of the metal sleeve 10a on the MI cable 1-side is welded around
the entive circumference of the metal sheath 2 of the M1 cable 1, but alse because a
sealing member is further provided at the end of the MI cable 1, sealing of the interior
of the MI cable 1 from the outside air is doubled, and the mtervior of the M] cable 11s
reliably insulated from the cutside air,

[0055]

(Second Embodiment)

Next, a structure for an end of an M1 cable and processing steps for producing
the same according to a second embodiment of the present invention will be described
with reference to the drawings. FIG. 2(a) is a cross-sectional view of a structure for
an end of an MI cable according to the second embodiment of the present invention,
and FIG. 2(b) is a right side view of the structure for the end of the MI cable. FIG. 31is
a cross-sectional view iltustrating processing steps for producing the structure for the
end of the MI cable according to the sceond embodiment.  Note that the same
constituent components as those in the first embodiment are denoted by the same
reference numerals, and achieve the same actions and effects.

As shown in FIG, 2(a), a connector 8b is attached to an end of an MJ cable 1in
which two wires 8 are held in a cylindrical metal sheath 2 with a mineral imsulating
powder 4 interposed therebetween, the end being formed by cutting the M1 cable 1
substantially at a right angle with respect to the axial direction. The connector 8b is
configured by a metal sleave 10b having one through hole, a stopper block 12h made of
an insulating material, provided in front of the end of the MI cable 1 inserted into the
through hole of the metal sleeve 10b with respect to the insertion direction, and

provided with through holes, and two metal pins 13b provided in the same number a8
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the number of wires 3 of the MI cable 1, and inserted via the through holes of the
stopper block 12b into the through hole of the metal sleevel0b in the axial divaction
thereof.

100571 The space formed by removing the mineral insulating powder 4 at the end of
the MI cable 1 is filled with the resin sealing member 14.

[0058]  The stopper block 12b is fixed with an adhesive to the inner face of the metal
sleeve 10b, and the left end of the metal sleeve 10b on the MJ cable 1-side is in the
shape of a cylindrical portion having an muner diameter that allows the inner face of
the cylindrical portion to come into contact with the outer face of the metal sheath 2 of
the M1 cable 1, and having a thickness smaller than that of the metal sheath 2.

[0059]  The metal pins 18b each have a sharp-pointed portion at a front end thereof
on the left side closer to the M1 cable 1, and a columnar rod-like portion at a rear end
thereof on the opposite side, and are made of a material harder than that for the wires
3 of the MI cable L.

(00601 A middle portion of each of the metal pins 13 is provided with a protruding
portion having a diameter larger than the smallest diameter of the through hole of the
stopper block 12b, and this portion abuts against the stopper block 12b around the
through hole, so that the metal pins 13b cannot be pulled out of the metal sleeve 10b in
the right direction. Not that the abutment of the metal pins 13b against the stopper
block 12b around the through holes is not mited to that resulting from a change in
the diameter of the metal pins 13b.  For example, each of the metal ping 13b may be
provided with a portion curved greater than the smallest diameter of the through hole
of the stopper block 12b, and this curved portion may abut against the stopper block
12b around the through hole so that the metal pins 13b cannot be pulled out in the
right dirvection.

10061] Furthermore, a clearance from each of the metal pins 18b inside the through
hole to the through hole is set such that a change in the angle allowed by the clearance
is 2 degrees or smaller.

[0062] The metal pins 13b are arranged such that, in a state where their protruding
portions having a larger diameter abut against the stopper block 12b, the axial
divection of the front ends thereof on the left side substantialiy conforms to the axial

direction of the eylindrical portion of the metal sleeve 10b, the sharp-pointed front ends
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thereof are positioned on the same plane perpendicular to the axial direction of the
eylindrical portion, and the arrangement of the sharp-pointed front ends on that plane
matches the arrangement of the end faces of the wires 3 on the cutting surface of the
MI cable 1.

[0063] As shown in FIGS. 2(a) and 2(b), the right end of the connector 8b is
configured as a plug from which the columnar rod-like portions of the metal pins 13b
project as electrodes, and can be fitted into a socket provided on the soft cable-side, so
that the wires 3 and lead wires of the soft cable can be connected.  The socket on the
soft cable-side may have the same configuration as that of sockets commonly used for
home electric appliances, and, thus, a description thereof has been omitted.

[0064] Next, the processing steps for the production according to this embodiment
will be described with reference to FIG. 3. FIG. 3 is a cross-sectional view illustrating
processing steps for producing the structure for the end of the MI cable according to
the second embodiment of the present invention. Note that the description of those
already described in FIG. 2 such as the description of reference numerals will not be
repeated. Further, the reference numerals are indicated only at points where the
constituent components are shown first.

[0065] The MI cable 1 is cut substantially at a right angle with respect to the axial
direction as shown in FIG. 3(a), the mineral insulating powder 4 at the end of the MI
cable 1 is removed, and the space formed by the removal is filled with the resin sealing
member 14 as shown in FIG. 3(b) (sealing member filling step). Then, the end of the
MI cable 1 is inserted into the cylindrical portion of the metal sleeve 10b of the
connector 8b such that the sharp-pointed front ends of the metal pins 13b are brought
substantially perpendicularly into contact with the surface of the sealing member 14
immediately over the end faces of the wires 3 covered by the resin sealing member 14
as shown in FIG. 3{c) (MI cable inserting step {2)). Then, in a state where the portion
of the M1 cable 1 not inserted into the connector 8b is immobilized and the connector
8b is prevented by a jig (not shown) from shiding in the direction away from the MI
cable 1, an end 15b of the cylindrical portion of the metal sleeve 10b is welded around
the entire circumference of the metal sheath 2 of the MI cable 1 as shown in FIG. 3(d)
(metal sleeve welding step), and, thus, the production is completed.

{0066] Due to shrinkage after welding of the end of the cylindrical portion of the
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metal sleeve 10b around the entire circumference of the metal sheath 2 of the Ml cable
1. the sharp-pointed front end of each of the metal pins 13 is stuck substantially
perpendicularly into each of the wires 3, as in the first embodiment.

[0067]  According to the second embodiment, since the resin sealing member 14 is not
heat resistant, it is difficult to use this structure for a microheater as in the first
embodiment, but this structure is preferable as a structure for an end of an MI cable
for a sheathed thermocouple, a sheathed resistance thermometer, and the like, in
which heat is not generated.

[0068] A conceivable specific example for the application to a sheathed thermocouple
is such that a connector 8b configured by a stopper block 12b made of 2 vesin, a metal
sleeve 10b made of SUS847, and metal pins 18b made of a material with an increased
hardness obtained by performing quenching on the same metal as that used for
forming the wires 3, which are thermocouple wires, or on the same metal as that used
for forming compensating lead wires thereof is attached to an MI cable 1 having an
outer diameter of 6.4 mm and configured by a metal sheath 2 made of SU 5816, a
mineral insulating powder 4 made of magnesia, and wires 3 that are a pair of
thermocouple wires.

[0069]

(Third Embodiment)

Next, a structure for an end of an MI cable according to a third embodiment of
the present invention will be described with reference to the drawings. FIG. 4@ isa
cross-sectional view of a structure for an end of an Ml cable according to the third
embodiment of the present invention, and FIG. 4(b) is a right side view of the structure
for the end of the MI cable. Although a male conmector was attached to the Ml cable
1 in the first and the second embodiments of the present invention, a female connector
ig attached to the MI cable 1 in the third embodiment of the present invention. Note
that the same constituent components as those in the second embodiment are denoted
by the same reference numerals, and achieve the same actions and effects.

[0070] The right ends of metal pins 138¢ are cylindrical, and their end faces are
positioned on the same plane as the right end face of a stopper block 12¢.  With this
structure, as shown in FIGS. 4(a) and 4(b), the right end of a connector 8c is configured

as a socket, and a plug provided on the soft cable-side can be fitted thereinto, so that
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the wires 3 and lead wires of the soft cable can be connected. The plug on the soft
cable-side may have the same configuration as that of plugs commonly used for home
electric apphances, and, thus, a description thereof has been omitted.

[0071] The other configurations, features, actions and effects, and specific examples
are the same as those in the second embodiment, and the processing steps for the
production arve also similar to those in the second embodiment. Furthermore, the
configuration in which a female connector 1s attached to the MT cable 11in the third
embodiment can be applied also to the first embodiment. That is to say. although the
connector 8a on the MI cable 1-side was configured as a male connector from which the
rear ends of the metal pins 13a project as rod-like electrodes in the first embodiment, it
may be a female connector having the rear ends of the metal pins 13a as eylindrical
electrodes, and the connector 9 configured as a male connector on the soft cable T-side
may be fitted thereinto.

loo72l

(Fourth Embodiment)

A portion connecting an Ml cable for a microheater, a sheathed thermocouple,
or a sheathed resistance thermometer o a soft cable 18 often held inside a metal frame
called a terminal head so as not to be damaged even by a strong force applied from the
outside.

10073} Hereinafter, structures of an end of an MI cable and a terminal head
according to a fourth embodiment of the present invention will be described in the
order of production steps with reference to the drawing. Specifically, in this
embodiment, an example of a portion connecting an MI cable for a sheathed
thermocouple and a soff cable using compensating lead wires as an electric conductive
material, held in a terminal head will be described.  FIG. 5 is a cross-sectional view of
a structure for an end of an M1 cable held in a terminal head according to the fourth
embodiment of the present invention. Note that the same constituent components as
those in the first to the third embodiments ave denoted by the same reference
numerals, and achieve the same actions and effects.

[0074] An end of an Ml cable 1 in which two wires 3 are held in a cylindrical metal
sheath 2 with a muneral insulating powder 4 interposed therebetween, the end being

formed by rutting the MI cable 1 substantially at a right angle with respect to the axial
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direction, is inserted into an opening 338 at the bottom of an outer frame member 23 of
a terminal head 22, and is then further inserted into an opening provided at the center
of a terminal plate support fitting 31 and having a diameter that allows the inner face
thereof to come into contact with the outer face of the metal sheath 2.

[0075] Then, a connector 8d is attached to an end of the MI cable 1. In this example,
the space formed by removing the mineral insulating powder 4 at the end of the MI
cable 1 is filled with the resin sealing member 14, and the connector 8d is configured
by a metal sleeve 10d having one through hole, and a stopper block 12d made of an
insulating material and having two through holes into which two metal pins 13d
provided in the same number as the number of the wires are inserted.

[0076] The stopper block 12d is fixed with an adhesive to the inner face of the metal
sleeve 10d, and the metal sleeve 10d has a cylindrical portion having an inner
diameter that allows the inner face of the cylindrical portion to come into contact with
the outer face of the metal sheath 2 of the MI cable 1, and having a thickness smaller
than that of the metal sheath 2.

[0077] The metal pins 13d each have a sharp-pointed conical portion at a front end
thereof on the side closer to the cylindrical portion of the metal sleeve 10d, thatis, at a
front end thereof on the lower side closer to the MI cable 1, and a rod-like portionat a
rear end thereof on the side opposite from the cylindrical portion of the metal sleeve
10d, that is, at an end thereof on the upper side, and are made of a material harder
than that for the wires 3 of the MI cable 1.

[0078] The bottom of the conical portion of each of the metal pins 13d is provided
with a protruding portion having a diameter larger than that of the through hole of the
stopper block 12d, and this bottom portion abuts against the stopper block 12d, so that
the metal pins 18d cannot be pulled out of the metal sleeve 10d in the upper direction.
0079} Furthermore, a clearance from each of the metal pins 13d inside the through
hole to the through hole is set such that a change in the angle allowed by the clearance
is 2 degrees or smaller.

10080] The metal pins 13d are arranged such that, in a state where the bottom
portions of their conical portions, which are portions having a larger diameter, abut
against the stopper block 12d, the axzal direction of the front ends thereof on the lower
side substantially conforms to the axial direction of the cylindrical portion of the metal
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sleeve 10d, the sharp-pointed front ends thereof are positioned on the same plane
perpendicudar fo the axial divection of the cyhindrical portion, and the arrangement of
the sharp-pointed front ends on that plane matches the arrangement of the end faces
of the wires 3 on the cutting surface of the MI cable 1.

10081] The MI cable 1 is attached to the connector 8d as follows. The end of the MI
cable 1 is inserted into the cylindrical portion of the metal sleeve 10d of the connector
8d such that the sharp-pointed front ends of the metal pins 13d are respectively
brought substantially perpendicularly into contact with the wires 3 (M1 cable inserting
step (2)). Then, in a state where the portion of the MI cable 1 not inserted into the
connector 8d is immobilized and the connector 8d is prevented by a jig ot shown)
from sliding in the direction away from the MI cable 1, an end 15d of the cylindrical
portion of the metal sleeve 104 1s welded around the entire circumference of the metal
sheath 2 of the MI cable 1 (metal cable welding step), and, thus, the attachment is
completed. The columnar rod-like portions of the metal pins 13d project as electrodes
from the upper end of the connector 8d.

[0082] Due to shrinkage after welding of the end of the cylindrical portion of the
metal gleeve 10d around the entirve circamference of the metal sheath 2 of the MI cable
1, the sharp-pointed front end of each of the metal pins 13d is stuck substantially
perpendicularly into each of the wires 3, as in the first to the third embodiments.
{0083] Next, a terminal plate 26 made of an insulating material in which metal rods
18d each having a lower portion in the shape of a cylinder are embedded is placed on
the connector 8d, so that the metal pins 18d are inserted into the cylindrical metal rods
18d. The terminal plate 26 and the terminal plate support fitting 31 are temporazily
fixed with an adhesive. Then, an opening end 34 of the terminal plate support fitting
31 is welded or brazed arcund the metal sheath 2, and the terminal plate 26 and the
terminal plate support fitting 31 are fixed 1o the outer frame member 23 of the
termunal head 22 with terminal plate fixing screws 27.

[0084] Connection fittings 28 holding wiring screws 29 therein are arranged on the
upper face of the terminal plate 26, and the upper ends of the metal rods 18d and the
wiring screws 29 are electrically connected via compensating lead wires 30.

[0085] Lastly, a soft cable (not shown) using compensating lead wires as the lead

wires is inserted from an opening 32 at the side face of the outer frame member 23 of
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the terminal head 22, and the exposed lead wires are connected to the wiring screws
29, after which a lid 24 is cloged.  The hd 24 is fethered to the outer frame member 23
of the terminal head 22 by a chain 25 to prevent loss.

{00861 Typically, the outer frame member 23 of the terminal head 22 and the lid 24
are formed by aluminum die casting, and the insulating portion of the ferminal plate
2618 made of a resin. A conceivable specific example of the Ml cable 1 and the
connector 8d for the application to a sheathed thermocouple is such that the MI cable 1
has an outer diameter of 22 mm, and the MI cable and the connector are made of the
same materials as those shown in the specific example in the third embodiment,
[0087]

(Shape of Front Ends of Metal Pins)

In the first to the fourth exbodiments, the front end of each metal pin that is
stuck into the wire has one sharp-pointed portion as shown in FIGS. 1t0 5.

Instead of such a front end, the front end of & metal pin 13¢ may be provided
with & plurality of sharp-pointed portions as shown in the external view in FIG. 6. If
a plurality of sharp-pointed portions are provided, even when the front end of the
metal pin is shghtly dislocated from the end face of the wire 3 of the MI eable 1, the
metal pin can be electrically connected to the wire § as long as any one of the plurality
of sharp-pointed portions is stuck into the end face of the wire 8.

{0088] The embodiments disclosed herein are to be considered in all respects as
iltustrative and not lmiting. The scope of the invention is indicated by the appended
claims rather than by the foregoing description.  All changes which come within the

meaning and range of equivalency of the claims are intended to be embraced therein.

Industrial Applicability

[0089] As described above, this structure can be used as a structure for an end of a
microheater, a sheathed thermocouple, and a sheathed resistance thermometer. The
application is not limited thereto, and this structure can be used also as a structuve for
an end of an MI cable for transmitting signals of current, voltage, or the Iike, and also

as a structure for an end of an MI cable for supplying electric power.

Description of Reference Numerals



[0090]
1 MI Cable
2 Metal sheath
3 Wire
5 4 Mineral insulating powder
5 Soft cable
§ Lead wire
7 Cover
8 Connector (M1 cable-side)
09 Connector {soft cable-side)

10 Metal sleeve
11 Hermetic sealant
12 Stopper block
18 Metal pin
5 14 Sealing material
15 Portion to be welded
(Suffixes a to dand eadded to the reference numerals respectively correspond
to the first to the fourth embodiments and the modified example regarding the front
end of the metal pin.)
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CLAIMS

1. A method for producing a structure for an end of an MI cable in which one or a
plurality of wires are held in a cylindrical metal sheath with a mineral insulating
powder interposed therebetween,

wherein the structure includes a connector attached to the end of the MI cable,
the end being formed by cutting the MI cable substantially at a right angle with
respect to an axial direction thereof,

the connector has:

a metal sleeve having one through hole, and having at least one end in the
shape of a cylindrical portion having an inner diameter that allows an inner face of the
cylindrical portion to come into contact with an outer face of the metal sheath, wherein
the end of the MI cable is inserted into the cylindrical portion, and an end of the
cylindrical portion is welded around the entire circumference of the metal sheath of the
MI cable;

a hermetic sealant made of an insulating material, provided in front of the end
of the MI cable inserted into the through hole of the metal sleeve with respect to the
insertion direction, and having an outer circumference in contact with the metal sleeve
around the entire inner circumference thereof, thereby preventing the outside air from
entering the side of the metal sleeve on which the MI cable has been inserted; and

metal pins provided in the same number as the number of the wires of the M1
cable, made of an electric conductive material harder than the wires of the MI cable,
inserted via the hermetic sealant into the through hole of the metal sleeve in an axial
direction thereof, and each having a sharp-pointed portion at a front end thereof on the
side closer to the cylindrical portion of the metal sleeve and a rod-like or cylindrical
portion at a rear end thereof on the side opposite from the cylindrical portion:

the metal pins are arranged such that an axial direction of the front ends
thereof substantially conforms to the axial direction of the cylindrical portion of the
metal sleeve, the sharp-pointed front ends thereof are positioned on the same plane
perpendicular to the axial direction of the cylindrical portion of the metal sleeve, and
an arrangement of the sharp-pointed front ends on that plane matches an
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arrangement of the wires on the cutting surface of the MI cable,

the metal pins ave fixed by the hermetic sealant in a state where the
sharp-pointed front end of each of the metal pins is stuck substantially perpendicularly
into the end face of each of the wires of the MI cable, and in a state where the metal
pins are prevented from being brought into contact with each other and with the metal
sleeve, and

the cylindrical portion of the metal sleeve into which the end of the MI cable is
inserted has a thickness smaller than that of the metal sheath,

the method comprising:

an MI cable inserting step (1) of inserting the end of the MI cable, the end
being formed by cutting the MI cable substantially at a right angle with respect to an
axial divection thereof, into the cylindrical portion of the metal sleeve of the connector
such that the sharp-pointed front end of each of the metal pins is brought substantially
perpendicularly into contact with the end face of each of the wires of the MI cable; and

a metal sleeve welding step of welding the end of the cylindrical portion of the
metal sleeve around the entire circumference of the metal sheath of the MI cable, in a
state where the portion of the MI cable not inserted into the metal sleeve is
immobilized and the metal sleeve is prevented from sliding in a direction away from
the MI cable;

wherein, due to shrinkage of the cylindrical portion of the metal sleeve after
the welding around the entire circumference in the metal sleeve welding step, the
sharp-pointed front ends of the metal pins are stuck substantially perpendicularly into
the end faces of the wires of the MI cable, and, thus, the structure for the end of the MI

cable is produced.

2. The method for producing the structure for the end of the MI cable according to
claim 1,

wherein the structure for the end of the MI cable further includes a sealing
member made of a resin that fills-a space formed by removing the mineral insulating
powder at the end of the MI cable, and the interior of the MI cable is sealed from the
outside by the sealing member,
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the method further comprising:

a sealing member Sling step of flling, with a sealing member made of a resin,
a space formed by removing the mineral insulating powder at the end of the MI cable,
the end being formed by cutting the MI cable substantially at a right angle with
respect to an axial direction thereofs

wherein, in the MI cable inserting step (1), the MI cable is inserted into the
cylindrical portion of the metal sleeve such that the sharp-pointed front ends of the
metal pins are brought substantially perpendicularly into contact with the end faces of
the wires at the end of the MI cable or a surface of the sealing member immediately
over the end faces of the wires of the MI cable covered by the filled sealing member,

and

the sealing member filling step is performed before the MI cable inserting step
.
3. A structure for an end of an MI cable in which one or a plurality of wires are

held in a cylindrical metal sheath with a mineral insulating powder interposed
therebetween, comprising:

a connector attached to the end of the MI cable, the end being formed by
cutting the MI cable substantially at a right angle with respect to an axial direction
thereofs

wherein the connector has:

a metal sleeve having one through hole, and having at least one end in the
shape of a cylindrical portion having an inner diameter that allows an inner face of the
cylindrical portion to come into contact with an outer face of the metal sheath and
having a thickness smaller than that of the metal sheath, wherein the end of the MI
cable is inserted into the cylindrical portion, and an end of the cylindrical portion is
welded around the entire circumference of the metal sheath of the MI cable;

a stopper block made of an insulating material, provided in front of the end of
the MI cable inserted into the through hole of the metal sleeve with respect to the
insertion direction, and having through holes;

metal pins provided in the same number as the number of the wires of the M1
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cable, made of an electric conductive material harder than the wires of the MI cable,
inserted via the through holes of the stopper block into the through hole of the metal
sleeve in an axial direction thereof, and each having a sharp-pointed portion at a front
end thereof on the side closer to the cylindrical portion of the metal sleeve and a
rod-like or cylindrical portion at a rear end thereof on the side opposite from the
cylindrical portion; and

a sealing member made of a resin that fills a space formed by removing the
mineral insulating powder at the end of the MI cable, the sealing member being
provided such that the interior of the MI cable is sealed from the outside;

the number of through holes provided in the stopper block is the same as the
number of the metal pins, and each of the metal pins is inserted into each of the
through holes,

the metal pins are each provided with a protruding portion
having an outer diameter larger than the smallest diameter of the through hole of the
stopper block or a portion curved greater than the smallest diameter of the through
hole of the stopper block, and the protruding portion or the curved portion abuts
against the stopper block around the through hole, so that the metal pin cannot be
pulled out in a direction away from the cylindrical portion of the metal sleeve, and,
furthermore, a clearance from the metal pin inside the through hole of the stopper
block to the through hole of the stopper block is set such that a change in the angle of
the metal pin allowed by the clearance is 2 degrees or smaller,

the metal pins are arranged such that, in a state where the protruding portion
or the curved portion of the metal pins abuts against the stopper block around the
through hole, an axial direction of the front ends of the metal pins substantially
conforms to the axial direction of the cylindrical portion of the metal sleeve, the
sharp-pointed front ends thereof are positioned on the same plane perpendicular to the
axial direction of the cylindrical portion of the metal sleeve, and an arrangement of the
sharp-pointed front ends on that plane matches an arrangement of the wires on the
cutting surface of the MI cable, and

the metal pins are fixed by a pressure from the stopper block at a point where
the protruding portion or the curved portion abuts against the stopper block around
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the through hole, in a state where the sharp-pointed front end of each of the metal pins
is stuck substantially perpendicularly into the end face of each of the wires of the MI
cable, and in a state where the metal pins are prevented from being brought into

contact with each other and with the metal sleeve.

4. The structure for the end of the MI cable according to claim 3, wherein the front
end of each of the metal pins has a plurality of sharp-pointed portions.

5. A method for producing the structure for the end of the MI cable of claim 3,
comprising:

a sealing member filling step of filling, with a sealing member made of a resin,
a space formed by removing the mineral insulating powder at the end of the MI cable,
the end being formed by cutting the MI cable substantially at a right angle with
respect to an axial direction thereof;

an MI cable inserting step (2) of inserting the MI cable into the cylindrical
portion of the metal sleeve of the connector such that the sharp-pointed front ends of
the metal pins are brought substantially perpendicularly into contact with the end
faces of the wires at the end of the MI cable or a surface of the sealing member
immediately over the end faces of the wires of the Ml cable covered by the filled sealing
member; and

a metal sleeve welding step of welding an end of the cylindrical portion of the
metal sleeve around the entire circumference of the metal sheath of the MI cable, in a
state where the portion of the MI cable not inserted into the metal sleeve is
immobilized and the metal sleeve is prevented from sliding in a direction away from
the MI cable;

wherein, due to shrinkage of the cylindrical portion of the metal sleeve after
the welding around the entire circumference in the metal sleeve welding step, the
sharp-pointed front ends of the metal pins are stuck substantially perpendicularly into
the end faces of the wires of the M1 cable, and, thus, the structure for the end of the MI

cable is produced.
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6. The method for producing the structure for the end of the Mi cable according to
any one of claims 1, 2, and 5, wherein the front end of each of the metal pins has a

plurality of sharp-pointed portions.

7. The method for producing the structure for the end of the MI cable according to
any one of claims 1, 2, and 5, further comprising:

a connector impact step of impacting an end face of the connector on the side
opposite from the MI cable, so that the sharp-pointed front ends of the metal pins are
stuck substantially perpendicularly into the end faces of the wires of the MI cable;

wherein the connector impact step is performed before the metal sleeve

welding step.



