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11 Claims.

This invention relates to a spark plug, especially
a spark plug having a two plece conductor joined
by a plastic seal, in which the heat conductivity
is controlled by the shape of the conductor and its
construction as assembled in the insulator bore.

Engineers in the spark plug industry have con-
stantly been confronted with the problem of
making a spark plug with an electrode having
the desirable resistance to the high tempera-
ture to which it is exposed and at the same time
having suitable heat conductivity to carry away
the heat from the firing tip. Most alloys will
generally be found to be poor heat conductors.
One solution to the problem is to make the con-
ductor in two pieces comprising a lower electrode
and an upper terminal screw joined by a con-
ducting seal, the electrode being very short and
of a material having the desired high temperature
resistance, and the terminal screw having the de-
sired heat conductivity.

It is the object of this invention to provide a
spark plug having a conductor made up of a
very short heat-resisting electrode exposed to the
hot gases, and a long terminal having good heat
conductivity out of contact with the hot gases
and electrically connected to the electrode by a
plastic seal which bonds to the insulator and the
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electrode. More specifically, the electrode in this

invention has a length which is of the order of
magnitude of its transverse dimension, which in
most cases will be the diameter. Preferably the
ratio of length to-transverse dimension should
" not be greater than one.

Figure 1 is a longitudinal sectional view show-
ing an insulator and conductor in the process of
assembly according to this invention.

Figure 2 is a longitudinal sectional view showing
a completed spark plug made according to this
invention, and .

Figure 3 is a detail view of the electrode.

A conductor shell 2 is shown having secured
therein an insulator 4 which may be of any suit-
able material. Spark plug insulators are com-
monly made of porcelain but they may be made
of sintered oxides or mixtures of oxides and sili-
cates. A longitudinal bore § 15 provided through
the insulator. If desired, this bore may be pro-
vided with "a shoulder -8 intermediate its ends
and a lower shoulder 10 at the firing or sparking

end of the insulator, but either or both of these -

shoulders may be omitted. The shoulder 10 serves
to reduce the diameter of bore § at the firing end
of the insulator. Through this reduced diameter
opening projects an electrode 12 having & collar
14 which engages lower shoulder
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tive powder.

{2 may be made of any suitable alloy having
the desired high temperature resistance proper-
ties, such as a nickel alloy. If desired, this elec-
trode may be made with a copper core, as dis-
closed in application Serial No. 375,002, of Walter
F. Heller, filed January 18, 1941. 'The upper face
of electrode i2 may bhe provided with two slots 18
at right angles to each other, as shown, or only
one slot may be provided if preferred. Slots
18 are provided so that the sealing material of
pellet 18 may more readily grip the electrode to
prevent its rotating in bore 6. Pellet 18, which
in the completed plug forms seal [8a, is prefer-
ably made of a hard glass such as a borosilicate
glass, which is available commercially under the
name Pyrex, mixed with an electrically conduc-
Powdered copper is preferred be-
cause of its good thermal and electrical con-
ductivity, although graphite could also be used.
If the Included substance is copper, 50% glass

-and 50% copper will be found to give satisfactory

results. If graphite is used, 70% glass ard 30%
graphite is a good proportion. .

The upper portion of the conductor is terminal
20 which is preferably made of a material hav-
Ing a good thermal conductivity, such as copper.
If it is desired to make the upper portion of ter-
minal 20 of & material having a low heat con-
ductivity to prevent damage to the lead wires at~
tached thereto, this member may be made of two
pleces welded together. A second pellet 22 may,
if desired, be provided to form an additional, or
holding, seal 22a. Pellet 22 preferabiy comprises
a soft glass, such as a lead borosilicate glass mixed

5 with copper powder in the same proportions as

discussed above for pellet 8.

In the preferred method ¢f practicing this in-
vention, electrode 12 is dropped into place in bore
6. Pellet 18 is dropped Into bore & so that it
rests on electrode 12, Pellet 22 is dropped in on
top of pellet 18, Terminal screw 20 is then in-
serted in bore 6 with its end in contact with
the top of pellet 22, With the members thus
assembled, as shown in Figure 1, the assembly is
heated to a temperature sufficient to soften the
glass pellets. Pellet 22 is made of a softer glass

. and will be more plastic for a given temperature
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than pellet 18. When the desired degree of plas-
ticity is reached, as by heating to a temperature
of 1650° F, or higher, pressure is applied to serew
20, causing the pellets I8 and 22 to flow outward
to fill the bore as shown at (8a and 22a respec-
tively .of Figure 2. Since pellet 22 is of a softer
glass than pellet 18, terminal 20 will push down-

10. Electrode 55 ward through this pellet quite easily, forcing the
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glass to fill up the annular space between ter-
minal screw 20 and bore 6. Pellet 22 is suffi-
ciently large to cause some of the glass to be
forced up in the bore above shoulder 8. Pellet
18, although not so soft as pellet 22, is likewise
rendered plastic by heating to the stated tem-
perature. The pressure exerted by screw 20 on
peliet 18 squeezes it down and outward into inti-
mate contact with electrode 12 and the sides of
bore 6. 'The glass forming this pellet bonds to
the inswlator, making a gas tight seal. The size
of pellet 18 and the length of screw 20 are pref-
erably so chosen that screw 20 comes into con-
tact with the lower glass seal {8a in the flnal
assembly as shown in Figure 2. If it should hap-
pen, however, that screw 20 be too short to make
contact with the Pyrex glass seal in the final as-
sembly, the electrical properties of the plug will
not be affected, bacause the holding seal 22a is
also an electrical conducior. Terminal 29 may
be provided with threads 24 to give the holding
seal 22¢ a better grivping action.

Figure 3 is a detail view of the electrode. it
has been found that the best results of this inven-
tion are obtained if the ratic of b to a does not
exceed unity. As shown in Figure 3 the dimen-
sion B is from the hottom of slot 18 to the firing
end of the electrode. The bottom of the slot is
taken as a reference because the effective length
of the electrode so far as heat transfer is con-
cerned depends tc s considerable extent on the
depth of the slot. This is particularly true where
the slot is wide, and where there are two slots
at right angles to each other, because in these
cases the slots occupy a considerable proportion
of the head. In the usual practice of this in-
vention, the inventors contemplate the use of two
wide slots at right angles, although of course the
invention can be practiced with unslotted elec-
trodes. If the electrodes are unslotted, the
length, b, will be measured from the firing tip to
the upper face of collar {4, It is desirable that
the dimension b be kept as small as possible since
the material of which the electrode is composed
and the dimensions of the latter influence and
therefore may be made to control the tempera-
ture which the electrode attains in operating
service. It is further desirable that the distance
between the terminal screw and electrode be held
to a minimum. The dimension b may conven-
iently -be called the length of the electrode and
the dimension ¢ the transverse dimension.

It is evident from the foregoing that this in-
vention provides a spark plug having properties
hitherto unknown to the art. The conductor is
a two part member comprising an electrode hav-
ing the desired properties of resistance to high
temperature and a terminal screw having the de-
sired high heat conductivity. The electrode and
terminal screw are joined electrically by a gas
tight seal which keeps the high temperature
gases from contacting the terminal screw and
which is itself a good heat conductor. The in-
vention therefore provides a conductor having
excellent resistance to high temperature and be-
ing at the same time a good conductor of heat.

We claim:

1. In a spark plug, an insulator having a longl-
tudinal bore therethrough, a shoulder in said bore
at the firing end of the insulator, an electrode in
the firing end of the insulator bore, a collar on
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the electrode in engagement with said shoulder,
a glass seal in said bore above the electrode, and
a terminal in said bore above said glass seal and
in contact therewith. '

2. The combination of claim 1, in which the
glass seal contains powdered metal to improve its
electrical and heat conductivity.

3. In combination, an insulator having a bore,
a shoulder at the firing end of said bore reducing
the diameter of the bore, an electrode in the re-
duced diameter of said bore, a collar on said
electrode in engagement with said shoulder, a
glass seal in sald bore above the electrode, sald
seal being bonded to the insulator, a terminal in
the bore above said glass seal and in contact
therewith, and a second glass seal to secure the
terminal in said bore.

4. The combination of claim 3, said terminal
being roughened at its lower end to better grip
the glass seal.

5. The combination of claim 3, in which the
transverse dimension of the electrode is at least
as great as its length.

6. A spark plug conductor comprising a ter-
minal, an electrode the length of which is the
same order of magnitude as its transverse dimen-
slon, and means to join the terminal and the
electrode electrically.

7. A spark plug conductor comprising a ter-
minal having good heat conductivity, a heat re-
sistant electrode the length of which is the same
order of magnitude as the transverse dimen-
sion, and an electrically conductive glass seal
joining the terminal and electrode.

8. The combination of claim 7, in which the
seal is composed of a mixture of hard glass and
finely divided copper, in approximately equal
quantities.

9. In combination, an insulator having a bore,
a shoulder at the firing end of said bore re-
ducing the diameter .of the bore, an electrode
in the reduced diameter of said bore, a coller on
said electrode in engagement with said shoulder,
a hard glass seal in said bore above the electrode,
said seal being bonded to the insulator, a ter-
minal in the bore above said glass seal and in
contact therewith, and a soft glass seal to secure
the terminal in said bore.

10. A spark plug comprising an insulator hav-
ing & bore therein, and a composite electrode in -
said bore comprising a tip of heat resisting mate-
rial secured in said bore at the firing end of the
plug, a body portion comprising good heat con-
ducting material extending throughout the major
portion of the bore, and means for sealing the

-bore against the passage of gases, the length of

said tip portion being substantially no greater
than its transverse dimension.

11. In a spark plug, an insulator having a
longitudinal bore therethrough, a terminal in
said bore extending throughout substantially the
length of the bore, an electrode in the extreme
firing end of the insulator, and a seal joining the
terminal and the electrode, said seal being a good
conductor of heat and electricity and cooperat-
ing with the electrode and insulator to shield the
terminal against contact with gases in the firing
chamber.
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