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@ Method of manufacturing gas sealed discharge tube.

& A method of manufacturing a gas sealed dis-
charge tube (A) including an electrical insulating
cylindrical body and a pair of electrodes attached to
opposite ends of the electrical insulating cylindrical
body. The method comprises the steps of inserting a
heat melting sealing material (5) into a gas introduc-
ing pipe (6b) mounted to at least one of the elec-
trodes so as to communicate an inside space of the
cylindrical body to an outside thereof, the heat melt-
ing sealing material being a solid having an outer
diameter smaller than an inner diameter of the gas

introducing pipe (Bd); introducing a gas through the
gas introducing pipe into the cylindrical body; heat-
ing the gas introducing pipe together with the heat
melting sealing material under pressure at a sealing
position where the gas introducing pipe is intended
to be sealed to thereby press the gas introducing
pipe and simultaneously melt the heat melting seal-
ing material; and cutting the gas introducing pipe at
the sealing position together with the heat melting
sealing material after solidified.

FIG. 1

e

Xerox Copy Centre



3 EP 0 407 987 A1 4

METHOD OF MANUFACTURING GAS SEALED DISCHARGE TUBE

BACKGROUND OF THE INVENTION

The present invention relates to a method of
manufacturing a voltage controlling discharge tube,
and more particularly to a method of manufacturing
a gas sealed discharge tube for a series gap in an
ignition device for an automotive engine, for exam-
ple.

An ignition device for an automotive engine or
the like is designed to apply a high voltage to a
spark plug and thersby generate a spark. To pre-
vent the generation of misfire and precisely control
an ignition timing, there has been proposed a so-
called series gap ignition device having a dis-
charge gap formed in series with the spark plug. It
is known to use a discharge tube for the formation
of such a series gap which discharge fube is pro-
vided with a pair of discharge electrodes mounted
on opposite ends of a cylindrical body and filled
with an inert gas.

In precisely eontroiling an ignition timing of the
spark plug with use of such a discharge tube for a
series gap, a discharge stariing voltage in the dis-
charge tube is required to be high to some extent
as compared with that of the ignition plug. It is also
known to increase a pressurs of the inert gas to be
filled, so as to increase the discharge starting volt-
age with the discharge tube maintained compact.

In assembling such a discharge tube, there has
been conventionally adopted a meli-bonding meth-
od using a glass frit or metal solder to hermetically
connect a cylindrical body formed of an electrical
insulating material capable of enduring a high volt-
age such as glass or ceramics to electrode termi-
- nals formed of metal. It has been considered to be
preferable that sueh a bonding process shouid be
carried out in a vacuum electric furnace, so as to
ensure a quality of the discharge tube. In assem-
bling a gas sealed discharge tube, it is necessary
to change an atmosphere in the electric furnace
from a vacuum condition to a gas atmosphere.
However, to fill a high pressure gas in the dis-
charge tube, the electric furnace is required fo
endure a high pressure. As a result, an apparatus
for assembling the discharge tube becomes large
and complicated, and the number of assembling
steps is also increased to cause a disadvantage
from an economical viewpoint.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of the
present invention to provide a method of ec-
dnomically manufacturing a high-pressure gas seal-
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ed discharge tube having a uniform performance
suitable for the series gap.

The above object can be achieved by the
following construction of the present invention. That
is, according to the present invention, there is
provided a method of manufacturing a gas sealed
discharge tube including an electrical insulating
cylindrical body and a pair of electrodes attached
to opposite ends of said electrical insulating eylin-
drical body, said method comprising the steps of
inserting a heat melting sealing material into a gas
infroducing pipe mounted to at least one of said
electrodes so as to communicate an inside space
of said cylindrical body to an outside thereof, said
heat melting sealing material being a solid having
an outer diameter smaller than an inner diameter of
said gas infroducing pipe; introducing a gas
through said gas introducing pipe inio said cylin-
drical body; heating said gas introducing pipe to-
gether with said heat melting sealing material un-
der pressure at a sealing position where said gas
introducing pipe is intended to be sealed to there-
by press said gas introducing pipe and simulta-
neously melt said heat melting sealing material;
and cutting said gas introducing pipe at said seal-
ing position together with said heat melting sealing
material afer solidified.

The gas introducing pipe to be mounted to the
discharge tube in the present invention is required
to be pressed by heating under pressure. Further-
mors, it is necessary to hermetically mount the gas
introducing pipe to at Ieast one of the electrodes
by any bonding means such as welding or brazing.
Moreover, the gas introducing pipe is preferably
formed of an electrical conductive material such as
metal, preferably, a copper material.

The heat melting sealing material to be in-
serted into the gas introducing pipe has a melting
point lower than that of the gas introducing pipe,
and preferably has an affinity to the material of the
gas infroducing pipe and a good wettability. For
example, the sealing material is selected from sil-
ver solder, solder or high-malecular adhesive. How-
ever, the sealing material is not limited to these
materials. Furthermore, the heat melting sealing
material is required to be a solid having an outer
diameter smaller than an inner diameter of the gas
introducing pipe. For exampie, the sealing material
is in the form of rod, wire or granule. Particularly, a
wire form of the sealing material is preferable since
an insert position of the sealing material in the gas
introducing pipe can be easily controlled and ad-
justed.

According to the method of manufacturing a
gas sealed discharge tube of the present invention,
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a composition and pressure of a gas to be sealed
can be greatly easily adjusted, and a manufactur-
ing equipment and its operation are simpte. There-
fore, mass production of a gas sealed discharge
tube having a high quality can be economically
carried out.

Other objects and features of the invention will
be more fully understood from the following de-
tailed description and appended claims when taken
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of a device
embodying the method of manufacturing a gas
sealed discharge tube according to the present
invention;

Fig. 2 is a sectional view of a discharge tube
assembly to be suitably used for embodying the
manufacturing method of the present invention;
and

Fig. 3 is a sectional view of a gas sealed dis-
charge tube manufactured by the manufacturing
method of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

There will now be described a preferred em-
bodiment of the method of manufacturing a gas
sealed discharge tube according to the present
invention with reference to the drawings.

Referring to Fig. 2 which is a sectional view of
a discharge tube assembly A before applying the
method of the present invention, reference numeral
1 designates an elecirical insulating cylindrical
body formed of glass or ceramics, and reference
numerals 2 and 3 designate discharge electrodes
bonded to opposite ends of the cylindrical body 1.
The electrode 2 is formed with a through-hole 2. A
gas introducing pipe 4 is engaged with the through-
hole 2', and is brazed to the electrode 2. Such an
assembly A can be formed under vacuum or in the
atmosphere of air or inert gas, for example.

The assembly A is mounted o a device as
shown in Fig. 1, so as to form a gas sealed
discharge tube B as shown in Fig. 3. This device is
constructed of a jig 6 and a press including a pair
of heating electrodes 7a and 7b. The jig & is
constructed of a piping system including a joint
portion 6a adapted to be hermetically connected to
a free end of the gas introducing pipe 4, a wire
inserting portion 6b adapted to hermetically insert a
silver solder wire 5, a connecting portion 6¢ con-
nected to a vacuum device (not shown) for evacu-
ating the inside of the assembly A, a gas introduc-
ing portion 6d for supplying an inert gas into the
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assembly A, and a manometer 6e.

In manufacturing the gas sealed discharge tube
B by using the above device, the free end of the
gas infroducing pipe 4 of the assembly A is first
connected to the joint portion 6a, and then the
silver solder wire 5 is inserted through the wire
inserting portion 6b into the gas introducing pipe 4
as far as a sealing position where the gas introduc-
ing pipe 4 is intended to be sealed. Then, the wire
inserting portion 6b and the gas introducing portion
6d are closed, and the inside of the assembly A is
evacuated through the connecting portion 6¢ by the
vacuum device. Then, the connecting portion 6¢ is
closed, and an inert gas is introduced from the gas
introducing portion 6d until a predetermined pres-
sure is reached. Then, the gas introducing pipe 4 is
pressed by the heating electrodes 7a and 7b, and
simultaneously the silver solder wire § is molten by
the heating electrodes 7a and 7b. Then, the heat-
ing electrodes 7a and 7b are moved away from
sach other to solidify the silver solder of the wire 5,
thus completing the sealing operation of the as-
sembly A. Then, the assembly A containing the
sealed gas is removed from the joint portion 6a,
and the gas introducing pipe 4 is cut at a sealing
portion 4 as shown in Fig. 3. Thus, the gas sealed
discharge tube B sealed by a solidified silver sol-
der 5 as shown in Fig. 3 is obtained.

While the invention has been described with
reference to a specific embodiment, the description
is illustrative and is not to be construed as limiting
the scope of the invention. Various modifications
and changes may occur to those skilled in the art
without departing from the spirit and scope of the
invention as defined by the appended claims.

Claims

1. A method of manufacturing a gas sealed dis-
charge tube including an electrical insulating cylin-
drical body and a pair of electrodes attached to
opposite ends of said electrical insulating cylin-
drical body, said method comprising the steps of
inserting a heat melting sealing material into a gas
introducing pipe mounted to at least one of said
electrodes so as to communicate an inside space
of said cylindrical body to an outside thereof, said
heat melting sealing material being a solid having
an outer diameter staller than an inner diameter of
said gas introducing pipe; introducing a gas
through said gas introducing pipe into said cylin-
drical body; heating said gas introducing pipe to-
gether with said heat melting sealing material un-
der pressure at a sealing position where said gas
introducing pipe is intended to be sealed to there-
by press said gas introducing pipe and simulta-
neously melt said heat melting sealing material;
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and cutting said gas introducing pipe at said seal-
ing position together with said heat melting sealing
material after solidified.
2. The method as defined in claim 1, wherein said
gas introducing pipe is hermetically mounted to at 5
least one of said electrodes.
3. The method as defined in claim 2, wherein said
gas introducing pipe is welded to at least one of
said electrodes.
4. The method as defined in claim 2, wherein said 10
gas introducing pipe is brazed to at least one of
said electrodes.
5. The method as defined in claim 1, wherein said
gas infroducing pipe is formed of an electrical
conductive material. 15
6. The method as defined in claim 5, wherein said
electrical conductive material comprises metal.
7. The method as defined in claim 6, wherein said
metal comprises a copper material.
8. The method as defined in claim 1, wherein said 20
heat melting sealing material has a melting point
lower than that of said gas introducing pipe.
9. The method as defined in claim 8, wherein said
heat melting sealing material has an affinity to a
material forming said gas introducing pipe and has 25
a good wettability.
10. The method as defined in claim 9, wherein said
heat melting sealing material is selected from the
group consisting of silver soider, solder and high-
molecular adhesive. 30
11. The method as defined in claim 1, wherein said
heat melting sealing material is in the form of wire.
12. The method as defined in ¢laim 1 further com-
prising the step of evacuating an inside space of
said cylindrical body before said gas introducing 35
step.
13. The method as defined in claim 1, wherein said
heating step is carried out by a press device in-
cluding a pair of heating electrodes.
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