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This invention relates to ignition apparatus and
more particularly to spark plugs and parts there-
for for use in the ignition system of an internal
combustion engine or the like.

One of the objects of the invention is to provide
a novelly constructed center electrode assembly
for a spark plug.

Another object of the invention is to provide an
electrical assembly having a tubular bore that is
sealed against the leakage of gases therethrough.

Another object of the invention is to provide
novelly fabricated conducting means for connect-
ing the center electrode and high tension terminal
of the center electrode assembly.

A further object is to provide a novel process for
constructing spark plugs.

The above and further objects and novel fea-
tures of the invention will more fully appear from
the following detailed description when the same
is read in connection with the accompanying
drawings. It is to be expressly understood, how-
ever, that the drawings are for the purpose of
illustration only and are not intended as a defini-
tion of the limits of the invention, reference for
this latter purpose being had primarily to the ap-
pended claims.

In the drawings, wherein like reference char-
acters refer to like parts throughout the several
views,

Fig. 1 is a vertical sectional view through a
spark plug constructed in accordance with the
principles of this invention;

Fig. 2 is an elevational view partly in section of
a center assembly of a spark plug having novel
constructional features; and

Fig, 3 is a vertical sectional view through a
spark plug cenfer assembly of further modified
construction.

In the preferred construction shown in Fig. 1,
the numeral 108 refers to the outer casing of a
spark plug having a shoulder i1 adapted to seat
upon the top of an engine, a screw threaded por-
tion 12 adapted to fit a screw threaded opening in
a cylinder block, and a ground electrode {8 that is
connected to the shell i§ by means of welding 14
or the like. The interior of the spark plug shell or
caging 10 is provided with a shoulder I5 upon
which rests a tubular insulator i8, between which
an ashestos washer {7 may be employed or not,
according to the needs of a particular service. A
resilient dielectric washer i8 of asbestos, Neo-
prene, or the like, rests upon the upper end of the
insulator 18, and-the upper edge 19 of the shell {6
is peened over upon the washer to maintain the
assembly.
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The center electrode 20 of the spark plug may
conveniently be mounted in its assembly before
the assembly is mounted in the casing of the plug.
The assembly is emplaced in the casing by means
of a conical sleeve 21{, hefore the insulator 1§ is
mounted.

In certain types of spark plugs, it is advan-
tageous to employ a resistor in the core, despite
the disadvantages resulting from a core composed
of several pieces. In order to obtain satisfactory
contact between such separate elements, it has
usuaily been deemed necessary to employ a spring
connection somewhere in the assembly. By means
of this invention, I have overcome the need for a
spring and have assembled the separated parts of
a core in firm electrical contact without the use of
a spring.

The insulator 22 is interiorly provided with a
shoulder 23. The electrode 29 has a cooperating
shoulder 24 and a snug fit within the lower end of
the insulator. The electrode is thrust through
the insulator from the top until the shoulder 24
engages the shoulder 23, both of which may con-
veniently be conical. The end of the electrode 26
is provided with a stud 25 of less diameter than
the shoulder 24. The stud is shown in the draw-
ings to be cylindrical, hut it could be conical with
equal or improved results. Carbon cap 26 fits
snugly over the stud 25. The fit is sufficiently
close to provide broad contact areas between the
stud and the sleeve or side wall of the cap, thus
furnishing an excellent electrical conneciion. A
resistor 27 is emplaced ahove the carbon cap, and
in electrical contact therewith. The spindle 28 of
a terminal 29 makes contact with the resistor, and
2 head 30 engages the upper end of the insulator.

In making the center electrode assembly, the
center electrode is put in position against the
shoulder 23, and the components of a glassy insu-
lation, finely divided, are poured into the bore of
the insulator above the shoulder. The insulator
is then heated by the application of direct flame,
for instance by the play of flame from three gas
burners spaced 120° about the periphery thereof,
until a temperature of 1200 to 2000° F. is reached,
in which range the finely divided components of
the glassy insulation become molten. While the
sald components are in this molten state, the cap
26, resistor 27, and terminal 29 are forced through
and into firm engagement with each other and
with the stud 25. The sleeve of the cap 2§ may fit
closely over the stud 25, but with enough clear-
ance to permit escape of melted glass from inside
the cap. If desired, a closer fit can be employed
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and a small vent in the side of the cap may be
made to release confined molten material. By
this means, a considerable pressure may be re-
quired to force the head 86 of the terminal 28 into
engagement with the insulator 22. This pressure
is found at each contact in the core. When satis-
factory engagement has been made, the heat is
removed from the insulator and the molten mate-
rial inside is allowed to cool, preferably while
maintaining the pressure. As the material cools,
it solidifies and holds the several sections of the
core in firm electrical contact with each other.

The diameter of the resistor, the cap, and the
enlarged portion 28’ of spindle 28 are such that
they form abutments about which the glass
solidifies to hold the spindle, the resistor, and
the ecap in firm conductive contact.

The electrode 28 may be of Nichrome or of any
other suitable conductive material depending
upon the use to which the plug is to be subjected
and if desired, the stud 2% may be of silver or
similar material and may extend downwardly-
into the body of electrode 20 in the manner iilus-
trated at &4 in Fig. 3. The precise material em-
ployed will depend to-some extent upon the tem-
perature reached during use. If the temperature
at the lower end of the plug becomes so great that
silver would soften or melt, it may be advisable
to employ a material of higher melting point.

The carbon sleeve is satisfaetory because car-
bon is a good conductor and has other advan-
tageous properties for use as a cap. However,
other materials could be employed provided they

withstand the temperature required to melt the.

glassy insulation and have the requisite conduc-
tivity. Carbon remains hard and set at the
temperatures attained and is otherwise satisfac-
tory.

The resistor may be of various sizes and con-
structions or it may be eliminated when its use
is undesirable.

The glassy insulation is made by melting lead
oxide and boro-silicate glass, preferably in sity,
but it may be melted and poured into the tube
if desived. If the latter method is used, the tube
should ke maintained at such temperature that
the glass melt will not solidify in contact with
the tube before the core is emplaced. The tem-
perature of the lower end of the spark piug in use
varies considerably according to surrounding
cireumstances, but on some occasions rises so-high
that there is 2 tendency for the glassy insulation
to become fiuid at the lower end. Thisis generally
undesirable and is overcome by the following
novel conception. The melting point of the lead-
oxide-bhoro-silicate glass can be varied by vary-
ing the relative percentages of lead oxide or boro-
silicate in the whole. By including a larger per-
centage of the higher melting constituent in the
mixture at the lower end of the insulator, the
melting point of the glassy insulation at the
Jower end of the tubular insulator can be raised.
Thus the completed glassy insulation will have
2 higher melting point in the area exposed to the
greatest heat and lower melting point in other
areas. This is a considerable advantage both in
the operation of the spark plug and in the making
of the spark plug.

The novel glassy sealing material is formed:
by fusing a mixture of powdered boro-silicate
glass or other similar material having a high
melting point, such as “Pyrex” glass, and one or
more other powdered substances having lower
melting points, such as lead oxide, for example.
One suitable mixture which has been found to-
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be practical and useful in forming a seal in thé
bore consists of one part by weight of powdered
boro-silicate glass, such as Corning “Pyrex”
glass No. 774, and one part by weight of powdered
lead oxide. These proportions are not critical,
however. It has been found practical, for ex-
ample, to employ mixtures consisting of from 20
per cent to 60 per cent lead oxide and: 80 per cent
to 40 per cent glass, the proportions being in
terms of weight. One of the considerations, in-
sofar as spark plugs are concerned, is to pro-
vide a-sealing material which will be plastic-like
or pasty only when heated to a temperature above
the maximum operating temperature of the
spark plug but below any temperature which
might be detrimental to the spark plug paris, 1. e.,
t0: the insulator 22 and the parts installed in the
bore thereof. This result may be obtained by
using the-above mixtures since the melting point
of the glass component although not definite is
above 1600° ¢, and that ef lead oxide: is 888> C.
The glass component will generally begin to
soften at approximately 800° C., but: a- consider-
ably higher temperature is required to melt. it.
The mixture of the powdered glass and:lead oxide
is in effect a eutectic mixture which will soften. at:
approximately 1400° F., a temperature below the
softening and melting points: of the constituents
thereof. Accordingly, when the mixture is
heated to temperatures between: approximately.
1500° F. to 1800° F., it.is reduced to a. pasty or
plastic-like compound. Although the melting
point of the glass component is highex than: 1590°
F., the giass particles of the mixture: soften: some-
what abt temperatures. above approximately 1406°
F. in the presence of the lead oxide and a certain
amount of chemiecal reaction is believed to. take
place and unite the lead oxide particles: with
the Pyrex glass particles. The resulting: madterial
solidifies to a unitary- homogeneous mass. o cool-
ing, said mass being a form of lead boro-silicate
glass:

- In forming the seal. for the center electrode
assembly of & spark piug, it has. been found:
suitable to make the boro-silicate. glass com-
ponent of the mixture by firing 80.5. parts by
weight of silicon diexide with 12:3 parts of sodium
tetraborate, 7.8 parts of boric acid, 2.2 parts of
alyminum oxide and .6 part of potassium car-
bonate. When this boro-silicate- glass is- mixed
with equal parts of lead oxide and fused in the:
manner hereinafier pointed out, the resulting
product has a chemical analysis of 40.25 per- ecent
silicon oxide, 645 per cent boric acid, .2 per cent
potassium oxide, 1.9 per cent sodium oxide, 1.1
per cent aluminum oxide and 49.9 per cent lead
oxide.

In Fig. 2 is shown a modification of the inven-
tion in which a tubular metallic sleeve 88 is em-
ployed. to join the respective parts of the core.
This sleeve can be mounied upon the stud in
advance of the emplacement of the glassy insula-
tion if desired. The resistances 27’ and 27 may be
of carborundum, for example, and of 50. to. 2,000
ohms, for example. Frequently, a resistance of
1,000 ohms is employed. The structures of Big.
2 and Fig. 1 are otherwise: alike.

The modification shown in Fig. 3 has a num-
ber of elements of novelty. The electrode has a
nickel alloy surface &8¢ and a silver core 4f. Ib
is made in a novel manner by annealing the: core
until it is- soft, emplacing it in the nickel alloy,
placing a sleeve around the upper end of the core-
and against the top of the nickel alloy tip; insert-
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ing a plunger in the sleeve, and forcing the silver
inte firm and permanent contact with the nickel
alloy tip.. This assembly may then be mounted
in the insulator 22 and the remaining elements
may be assembled as hereinabove described in
connection with Figs. 1 and 2. However, a
further modification may be made. A sleeve 42
of conducting material such as earbon or a suit-
able metal engages the projecting end of the silver
core 41 and a stud 43 cn the spindle 44 of the
terminal 45. The same principles of assembly
may be employed with respect to the glassy insu-
lation that have hereinabove - been disclosed.
Sleeve 42 may be a resistor.

In all three modifications it is deemed to be
undesirable to allow the glassy insulation to pass
the shoulder 24, or 24’ and enter between the
insulator and the center electrode.

An advantage of this invention is that a spark
plug is assembled without spring connections to
the center electrode.

Another advantage is in the permanent as-
sembly of the separate parts of a spark plug
core by means of a glassy insulation that may
vary in composition at the points of exposure to
greatest heat.

Another advantage of the invention is the use
of a fluid material under pressure to mainsain the
parts of an assembly in firm contact.

Another advantage of the invention is in the
sleeve principle of connection in combination with
a setting material of glassy insulation type.

Yet another advantage is in the novel center
electrode descrived and shown in Fig. 3.

Although only three embodiments of the in-
vention have been illustrated and described in the
accompanying drawings and specification, it is to
be expressly understood that the invention is not
limited to said embodiments. Various changes
may be made therein, particularly in the design
and arrangement of the parts illustrated and in
the two materials used, without departing from
the spirit and scope of the invention, as will now
be apparent to those skilled in the art. For ex-
ample, & core such as 4f (Fig. 3) may be employed
in all three embodiments of the invention and
various other features of the different embodi-
ments are interchangeable, The elements 26, 42
and 5§ of the illustrated embodiments may bhe
formed of a highly conductive carbonaceous ma-~
terial, metal or an electrically resistant material.
For a definition of the limits of the invention,
reference is had primarily to the appended claims.

What is claimed is:

1. A spark plug assembly comprising a tubular

insulator having a bore providing an internal !

shoulder, a snug fitting center electrode having a
cooperating shoulder and an internaliy projecting
stud, a carbon cap upon said stud having an in-
ternal content of glassy dielectrie, a resistor en-
gaged with said cap, a terminal having a spindie
engaging said resistor and a head engaging the
insulator, and a glassy dielectric sealing the in-
ternal spaces of the assembly and holding the
parts together.

2. A spark plug assembly comprising a tubu-
lar insulator having an internal shoulder, a cen-
ter electrode having a cooperating shoulder and
an internally projecting stud, a non-metallic
electrically conductive cap upon said stud, a re-
sistor engaged with said cap, a terminal having a
spindle engaging said resistor and a head en-
gaging the insulator, and a glassy dielectric hold-
ing the parts together.

3. A spark plug assembly comprising a tubu-
lar insulator having an internal shoulder, a center
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electrode having a cooperating shoulder, a hollow
carbon cap upon said electrode, a resistor engaged
with said cap, a terminal having a spindle en-
gaging said resistor and a head engaging the insu-
lator, and a glassy dielectric sealing the internal
spaces of the assembly.

4. A spark plug assembly comprising a tubular
insulator, a center electrode closing one end
thereof, a non-metallic electrically conductive
cap in sleeved engagement with said electrode, a
resistor engaged with said cap, a terminal having
a spindle engaging said resistor and a head en-
gaging the insulator, and a heat resistant dielec-
tric holding the parts together.

5. A spark plug assembly comprising s tubular
insulator, an electrode closing one end thereof,
8 carbon cap in sleeved engagement with said
electrode, a resistor engaged with said cap, a
spindle having an intermediate shoulder and an
enlarged end engaging said resistor, and a heat
resistant dielectric sealing the internal spaces of
the assembly and holding said parts together.

6. A spark plug assembly comprising a tubular
insulator, an electrode closing one end thereof
by shoulder to shoulder contact within the insu-
lator, a terminal closing the other end thereof,
conducting means in sleeved engagement with
said electrode and connecting terminal, and a
heat resistant dielectric sealing the internal
spaces of the assembly.

7. A spark plug assembly comprising a tubular
insulator, an electrode closing one end thereof by
shoulder to shoulder contact within the insula-
tor, a terminal mounted at the other end thereof,
sleeve means electrically connecting terminal and
electrode, said means being wholly out of contact
with said insulator, and a heat resistant dielec=
iric sealing the internal spaces of the assembly.

8. A spark plug having a center electrode as-
sembly comprising a tubular insulator, a terminal
and an electrode operatively connected by a non-
metallic electrically conductive sleeve in said in-
sulator, and dielectric means spacing said sleeve
from said insulator.

9. A spark plug having a center elecirode as-
sembly comprising a tubular insulator, a termi-
nal and an electrode operatively connected by a
carbon sleeve in said insulator, and by dielectric
means holding them in assembled relation and
spacing the sleeve from said insulator.

10. A spark plug having a center electrode as-
sembly comprising a tubular insulator and a ter-
minal and an electrode operatively connected by
a conductive sleeve in said insulator, said sleeve
being wholly out of contact with the insulator.

11, A spark plug assembly comprising a tubu-
lar insulator, an electrode closing one end there-
of, said electrode having a recess filled with a
high heat conducting metal, such as silver, a ter-
minal in the other end of said insulator, and
means for electrically connecting said electrode
and terminal including a sleeve-like conductor
having telescopic relation with an extended por-
tion of said metal.

12. A spark plug assembly comprising a tubu-
lar insulator having an internal shoulder, an
electrode having a portion seated on said shoul-
der, said electrode having a recess filled with a
high heat conducting metal which projects from
the inner end thereof, a terminal in one end of
said insulator, means for electrically connecting
said electrode and terminal including a sleeve-
like conductor having telescopic relation with the

75 projecting portion of said metal, and a solidified
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imass in said insulator for sealing the internal
spaces of the assembly.
EMBRY D. FAATZ.
REFERENCES CITED

The following references are of reeord in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
966,784 Anderson __oee—--..- Aug. 9, 1810

1,761,865 Berthold - oee June 3, 1930

1,793,130 Payne — e Feb. 17, 1931

Number
2,179,609
2,296,033
2,317,305
2,321,840
2,349,432
2,360,287
2,371,211

10
Number

131,792
354,279

 Sept. 15, 1942

Schwartzwalder Apr. 20, 1943
McDougal .- June 15, 1943
Hopps --- - May 23, 1944
Smith oo—oox - Oct. 10, 1944
Barrington _._..___. Mar, 13, 1945
FOREIGN PATENTS
Country Date

Great, Britain ... Sept. 4, 1919
Great Britain ._.......-Jan. 29, 1930



