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" 39 Claims.

This invention relates to ignition apparatus
and more particularly to spark plugs for internal
combustion engines and the like and‘to meth-
ods of making said plugs.

One of the objects of the present invention is
to provide a novel spark plug adapted to with-

" stand high operation temperatures and pressures
and one wherein gas leakage is substa.nually ellm-
inated.

Another object is to provide a novel method of
making a spark plug to render the same gas-
tight under all operating conditions. '

A further object of the invention is to provide
a spark plug having a novel central electrode as-
sembly which may be readily and inexpensively
assembled.

A still further object is to provide a spark plug
with novel means for securing and supporting
the central electrode assembly in gas-tight en-
gagement with the shell or outer body of the
plug whereby the necessity for accurate ma-
chining of the parts is obviated.

A turther object is to provide novel means and
8 novel method for insulating and mounting the
central electrode of a spark plug relative to the
shell or casing thereof whereby electrical losses
and undesirable flash-overs are substantially
eliminated.

Another object is to provide novel means in a
spark plug for substantially eliminating gas leak-
age betwen adjoining metallic and ceramic sur-
faces. ,

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
drawing. It is to be expressly understood; how-
ever, that the drawing is for the purpose of
illustration only and is not intended to define the
limits of the invention, reference for this latter
purpose being prima.rily had to the appended
claims.

In the drawing, wherein like reference charac-
ters refer to like parts throughout the several
views,

Fig. 1 is a half sectional elevation view of one
form of radio-shielded spark plug embodying the
present invention;

-FMg. 2 is a bottom plan view of sald spark
plug;

Fig. 3 is a bottom vlew of an insulating sleeve
or liner mounted in said plug; and

Fig. 4 is a side view, partly in section, of an-
other form of spark plug embodying the inven-
tion,
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The invention is illustrated in the drawing,
by way of example, in the form of a radio-shield-
ed spark plug of the type used ih aircraft en-
gines. . As shown in Pig. 1, the spark plug com-
prises a tubular metallic shell §, which is ex-
ternally threaded at 6 for cooperation with a

_threaded opening in an engine cylinder (not

shown). The lower portion of the bore of said
shell has walls which taper from the ends to a
point intermediate the ends, the upper tapered
surface Ba being provided for a novel purpose to
appear more fully hereafter. Mounted in the
lower end of body § is a ground electrode 7 which
may be of any sultable type and is secured in
place in any well-known manner, such as by sil-
ver solder 1a.

‘The novel and highly advantageous center
electrode assembly comprehended by the inven-~
tion comprises & central electrode 8 mounted in
an insulator 10 of suitable ceramic or other heat-
resisting insulating material, said electrode hav-
ing a head {1 of enlarged diameter in spark gap
relation with ground electrode T and a neck por-
tion . 12, preferably of decréased diameter, at the
upper end thereof. Insulator 10 has a central
bore 13, 14 provided with an intermediate cylin-
drical portion {3 of decreased diameter for re-
celving electrode 8, shoulders 16 and {8 being
provided at the upper and lower ends, respec-
tively, of said portion. The central longitudinal
portion of electrode 8 preferably has a sliding fit
in bore 13, whereas a portion thereof adjacent
head i1 is slightly undercut and the circumfer-
ence of said head is also cut so as no{ to touch
the inner wall of insulator 10, thereby prevent-
ing any breakage of the latter upon heating to
high temperatures during operation. Head If of
sald electrode engages shoulder 18, and neck por-
tion 12 extends through a washer {7 of relatively
soft or deformable metal, such as copper, which
engages shoulder I8, the electrode being secured
between said shoulders by rolling or riveting the
upper end of neck 12 outwardly into engagement
with the upper face of said washer. The upper
end of said electrode is preferably recessed or
counterbored to facilitate the rolling or riveting
thereof. The pressure applied during the rivet-
ing operation is effective to squash washer (1 into
close interlocking engagement with the rough
surface of shoulder {5 and the rough broken edge
of the rolled portion of spindle 8 bites into the
upper surface of said washer, thereby prevent-
ing any undesirable turning of the center elec-
trode relative to the insulator.

To prevent leakage of gases from the engine
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cylinder through bore 13, (4 of insulator 18
and, at the same time, provide an electrical
connection from the upper end of said insulator
to electrode 8, the enlarged upper portion 14 of
said bore is filled in & novel manner with a
layer 19 of compressed conducting and seal-
ing material, such as powdered graphite, in con-
tact with washer 17 and electrode 8, and a layer

20 of suitable cement or sealing composition dis-.

posed above sald graphite layer. The wall of
pore portion 14 is preferably corrugated or
threaded to facilitate molding of insulator 10
and to provide a good bond and a greater area
of engagement between layers {8 and 20 and
said bore wall, thereby minimizing the possibility
of gas leakage and increasing the mechanical
strength of the unit. A metallic terminal 21
preferably has the body thereof embedded in
layer 20, said body being provided with a pointed
end 21a for facilitating insertion into said layer
and a peripheral groove 2i{b for increasing the
effectiveness of the bond between the cement and
the terminal, Head 2ic of said terminal is
adapted to engage the upper end of insulator 10
and covers bore i4. To electrically connect
terminal 21 to graphite layer 19, a véry small
wire 22 of & suiteble conducting material, such
as Nichrome, is provided and has the outer end
thereof compressed between head 2la and the
upper end of insulator {8 and the other end in
engagement with the upper surface of layer I8.
1t is perferable to provide a coil comprising a
plurality of turns of said wire in engagement
with layer {9 in order to insure good electrical
contact between said wire and said layer. As
will appear more fully hereafter, the compacted
graphite or similar material is of such a nature
as to intimately fill all crevices and minute pores
and to form an excellent barrier to the passage
of hot gases. The cement or filler 20 serves to
provide the necessary mechanical strength to
hold the graphite under pressure and to hold
terminal 21 in position.

Tt is to be noted that ceramic insulator 10 has
an outer wall which, except for groove 24 and
a slight taper at the lower end thereof to form
the nose, is cylindrical over its entire length and
the wall thickness is relatively uniform in com-
~ parison to insulators heretofore used. This

structure makes it possible to produce a more
uniform insulator during fabrication thereof
than would be possible if the latter were to have
flanges or other abutments formed thereon.
Particularly, it makes it easier to mold the in-
sulators without violating desired dimension
tolerances and, hence, obviates the necessity for
any grinding thereof after molding and renders
quick and satisfactory assembly of the parts
possible.

Novel means are provided for securing in-
sulator 10 in operative position within shell §
and, as shown, comprise a tapered metallic bush-
ing or sleeve 23 of deformable metal, such as
copper, compressed in the space between the wall
of insulator 10 and the tapered internal wall 8a
of said shell. It is preferable to provide a pe-
ripheral groove 24 in the outer wall of said in-
sulator adjacent the upper end of said sleeve,
said groove being adapted to be fllled with the
metal of said sleeve. If desired, groove 24 may
pe eliminated. In the absence of such a groove
or the equivalent, the outer surface of insulator
{0 may be given a very slight taper where it is
engaged by sleeve or wedge 23. .

In order to insure & fluid-tight seal between
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sleeve 23 and insulator {0, a film of graphite
powder is preferably disposed between the en-
gaging surfaces of said sleeve and insulator, said
film filling the pores and irregularities of the
ceramic insulator and metal, thereby eliminating
possible gas leaks. A colloidal graphite powder
or fine flake graphite may be employed in pro-
ducing this novel structure.

To apply a compressive force to bushing 23
and hold the latter under pressure in operative
engagement with insulator 10 and shell §, novel
means engage the upper end of said bushing and
are secured to said shell. In the illustrated em-
bodiment, said means also serve as radio-shield-
ing and comprise & novel insulating sleeve 28,
preferably surrounding the upper portion of in-
sulator 10 and extending upwardly a substantial
distance above the end thereof, and a metallic
barre] 26 having an internally extending
shoulder 27 at the upper end thereof for engag-
ing the upper end of sleeve 25, thereby holding
the lower end of said sleeve in engagement or
operative relation with the upper flanged end of
bushing 23. The lower end of barrel 26 extends
into the bore of body 5 and is secured thersto
by suitable means, such as sliver solder 28. The
upper end of said barrel is provided with threads
29 for cooperation with a shielding conduit for
a cable (not shown) from a magneto or other
source of electrical current.

Insulating sleeve 25§ preferably comprises an

‘elongated tube 30 of ceramic and a plurality of

mica washers disposed in two groups 3{ and 32
at the upper and lower ends, respectively, of
said tube. The ceramic tube improves the heat
resistance and electrical insulating properties of
sleeve 25 while the mica washers cushion the
tube against impacts and shocks and serve as
shims or spacers for insuring exact dimensions
for the length of shielding barrel 26 above body
B. It is to be understood, however, that sleeve
25 may be entirely ceramic or may be formed
from the usual combination of mica washers and
a tube of sheet mica.

If desired, the outer diameter of the upper
end of the spark plug may be decreased (Fig. 1)
by decreasing the thickness of the upper end of
sleeve 25 while maintaining the inner diameter
thereof constant, the outer wall of said sleeve
having a conical section 25a joining the two por-
tions of different diameters. Barrel 28 conforms
substantially to the outer configuration of said
sleeve and has the inner wall of the upper por-
tion thereof in engagement with the outer wall
of sleeve 25. An annular space 33 is preferably
provided between the lower portions of said bar-
rel and sleeve, and & gasket or ring 34, for ex-
ample, of copper, is disposed at the upper end of
said annular space, being compressed between
the inclined walls of said sleeve and barrel. An
annular space 35 is also preferably provided be-
tween sleeve 25 and central insulator 10, said
space being connected to space 33 by passages
adjacent the lower end of said sleeve, said pas-
sages being constituted by a plurality of radial
slots or grooves 36 in the lower end of ceramic
tube 38 (Fig. 3). One or more bleeder holes 31
may be provided in the wall of barrel 26 to con-
nect with the upper end of annular space 33, and
spaces 33 and 35 are preferably filled with a suit-
able insulating compound 38, such as polymer-
ized cashew nut-shell oil.

A novel method of fabricating and assembling
the elements of the above-described spark plug
is provided whereby the necessity for accurate
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machining of parts is eliminated and the speed
of production is enhanced. Sald method in-
cludes the steps of installing central electrode 8
in bore portion 13 of central insulator 10 and
securing washer {7 to neck 12 of said electrode
by rolling or spinning the recessed end of said
electrode over against the face of said washer,
the pressure employed for this operation being
effective to deform said washer and securely fas-
ten electrode 8 in position. A suitable measured
amount of fine graphite powder is then inserted
into bore portion 14 of said insulator and com-
pressed to-a hard body, said graphite when com-~

10

pressed preferably filling approximately half of -

the space provided in bore portion 14. Conduct-
ing wire 22 is then located in bore 14 so as to
project therefrom about half an inch, said wire
having a coiled portion thereof in contact with
the upper surface of graphite layer 19 to insure

good contact with the latter. A Nichrome wire:

having a diameter of approximately .008’‘; the
coiled portion having a diameter of about .016"’,
has been found to be satisfactory for this pur-
pose. After the wire is located in the bore, a

suitable amount of sealing compound is intro-"

duced into bore portion 14 to form layer 20.
One suitable cement or compound which has
been found suitable for this purpose consists, by
weight, of five parts “Alfrax” cement and two
parts lead oxide, said ingredients being intimately
mixed in powder form and then compressed into
bore portion 18 until the space therein is com-
pletely filled. “Alfrax” cement is a substance
consisting of approximately 85% aluminum oxide
and 15% lead cxide. Accordingly, filler 20 con-
sists of approximately 40% lead oxide which is
fusible at 1200° F. or less and 60% aluminum
oxide which is non-fusible at this temperature.
When the former is fused by application of heat,
the latter acts as a body to form a plastic mass.
Both the graphite 19 and the material 20 may

. be inserted in bore {4 in the form of slightly
compressed pills which are easily crushed by
application of pressure.

Heat is then -applied to the upper end of said
insulator, for example, by a gas flame, until a
temperature of approximately 1200° F. is reached,
at which temperature the lead oxide content of
filling material 20 fuses and renders the latter
plastic in nature.
down and replenished until bore 14 is full. Ter-
minal 2{ is then inserted gradually into the plas-
tic and the application of heat is discontinued
while the terminal is held in position under pres-
sure until cement 20 cools and becomes solidified
There after, the length of wire 22, which pro-
trudes from beneath terminal head 2Ic, is
removed.

After the electrode assembly has been thus
assembled, the same is prepared for assembly
with shell 8. To this end the surface of insu-
lator 10 which is to contact bushing 23 is coated
with a thin film of graphite powder, suitable pre-
cautions being taken to confine the application
of said graphite powder to the surface adapted
to engage bushing 23. For example, the upper
end and the nose portion of said insulator may
be provided with a coating of readily removable
protective material, such as Scotch tape, or the
-same may be covered with sleeves during the

The plastic filler is tamped
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inserted into shell or body B, the latter being
threaded into a suitable fixture adapted to posi-
tion said assembly in proper relation to said
body. Copper bushing 23 is inserted over insu-
lator 10 into shell 6, being located between
tapered surface ba of said shell and the graphite-
coated portion of the surface of said insulator.
The inner diameter of sleeve 23 is preferably
slightly greater than the euter diameter of insu-
lator 10 and, hence, rests upon tapered surface
Ba of said shell §.

To assemble radio-shielding 285, 26, mica wash-
ers 31, if the same are used, are first inserted into
barrel 28 against shoulder 21, and tapered ring
34 is placed on sleeve 30 in engagement with
tapered portion 30a thereof. Thereafter, said
sleeve with the ring thereon is inserted into
barrel 26 to bear against washers 31, and mica -
‘washer stack 32 is located in said barrel to bear
against the lower end of tube 30 or around insu-
lator 10 in engagement with bushing 23. Barrel
assembly 28, 26 when completed in this manner is
placed over the upper end of insulator {0 and
inserted into the upper end of shell 5. The lower
portion of barrel 26 is preferably coated with a
soldering  flux and a ring of silver solder is
dropped over said barrel to rest on the upper end
of body 8. The upper part of the latter is then
heated, for example, by a “Lepel” coil or gas
flames to the melting temperature of the silver
solder, i. e., approximately 1300° F.

While shell § is'thus heated for the soldering
or brazing operation, a pressure of approximately
1500 1bs. is applied to the top of barrel assembly
26, 26, thus forcing the latter against soft metal
bushing 23 and causing the latter to wedge firmly
between said shell and insulator i0 and to fill
annular groove 24. This insures' substantially
perfect sealing against gas leakage around the
electrode assembly and locks the ceramic in the
position relative to shell § determined by the
shell holding fixture. The pressure is main-
tained after termination of the heating until the
shell has cooled sufficiently to permit solidifica-
tion of silver solder 28 so that it will hold the
parts in assembled relation. The groove 24 may
be eliminated since the pressure of sleeve 23
against insulator 10 is sufficient to hold the latter
in position. By reason of the fact that the bod-
ily expansion of bushing 23 is relied upon to fill
the space between insulator 10 and shell 5 it
will be seen that exact dimensions for the parts
are not essential. .

The assembly of the plug is completed by in-
stalling ground electrode 1, soldering the latter by
means of a silver solder to shell 5, and cleaning
the chamfer of the plug with hot water to remove
excess silver solder. However, if desired, spaces
33 and 36 or either of them may be filled with a
sultable insulating compound 88. The latter

"may be Inserted under vacuum in liquid form or

(1]

70

application of the graphite. Any excess graphite

is preferably removed by gently blowing on the
coated surface.

The central electrode assembly, when com-
pleted in the above-described manner, is loosely

{J

poured Into the bore of barrel assembly 28, 26
and then subjected to pressure. As a result, said
compound fills space 35 and flows through pas-
sages 86 to A1l space 33, the air being exhausted
from the latter through bleeder hole or holes 31.
Each of the latter is preferably approximately
04’ in diameter. '

A modifled form of spark plug embodying the
present invention is illustrated in Fig. 4, the
center electrode assembly thereof being the same
as that illustrated in Fig. 1 except that ‘groove
24 is not provided in insulator 10’ and the nose
40 of the latter is enlarged to engage an internal
shoulder 41 in shell 8. During the assembly of
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shell 5 and center electrode assembly 42, pres-
sure is applied to metallic bushing or wedge 23’
through an internal flange 43 near the lower end
of metallic shielding barrel 26’ which is secured
in shell 5’ by brazing or soldering at 28’. Barrel
26’ may be lined with an insulating sleeve 28’
consisting of coiled sheet mica or other suitable
insulating material. Said liner 25’ rests against
the upper surface of flange 43 and is held in place
by & ring 44 secured in any suitable manner in
the upper end of barrel 26’. Any space imme-
diately surrounding the upper end of insulator
10’ may be filled with a suitable insulating com-
pound, such as 38 in Fig. 1.

It will be noted that by using the lower end of
barrel 26’ or a similar part in either of the illus-
trated embodiments of the invention, an un-
shielded spark plug may be readily provided.
The method of assembling the spark plug illus-
trated in Fig. 4 is substantially the same as that
described above in connection with the embodi-
ment of Fig. 1. In the second embodiment, how-
ever, the center electrode assembly is positioned
relative to shell 5’ by the engagement of the
former wita shoulder 41 of the shell. The insu-
lating sleeve 25’ may be inserted either before or

aiter the assembly of the remainder of the plug.

There is thus provided a novel spark plug
wherein the deleterious effects of high tempera-
tures and pressures are reduced to a minimum,
said spark plug being fabricated from a small
number of simple and rugged parts and having
novel means for mounting and sealing around the
central electrode assembly thereof. There is also
provided a novel central electrode assembly hav-
ing novel means for sealing the bore of the insu-
lator containing the electrode. The invention
comprehends the provision of a novel method for
producing a gas-tight bond between a ceramic
surface and a metallic surface and there is addi-
tionally provided a novel method for making
spark plugs and the central electrode assemblies
therefor and for securing and sealing the parts
thereof.

Although only two embodiments of the inven-
tion are illustrated and described, it is to be ex-
pressly understood that the same is not limited
thereto. For example, it will now be apparent
to those skilled in the art that the invention is
equally as applicable to unshielded spark plugs
and other types of shielded plugs as it is to the
specific types shown. Various changes may also
be made in the design and arrangement of parts
illustrated and in some of the particular materials
specificd without departing from the spirit and
scope of the invention. For a definition of the
limits of the invention, reference is had pri-
marily to the appended claims.

What is claimed is:

1. A spark plug comprising a cylinder engag-
ing shell, a ground electrode secured in said shell,
a center electrode assembly comprising a unitary
tubular insulator, a metallic conducting spindle
in said insulator, said spindle terminating at one
end intermediate the ends of said insulator and
" having an enlarged head portion at the other
end thereof in spark gap relation with said
ground electrode and in engagement with a later-
ally extending surface of said insulator, a com-
paratively soft metallic ring surrounding said
one end of the spindle and pressed between an
internal shoulder in said insulator and an out-
wardly rolled portion of said spindle, a com-
pacted layer of powdered graphite in said insula-
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tor adjacent the end of said spindle, a rigid mass
of non-conducting fillling material comprising
aluminum and lead oxides in said insulator ad-
jacent said layer, a terminal pin projecting into
said insulator and partially embedded in said
rigid mass and an electrical conductor of small
cross-section extending through said rigid mass
and contacting said graphite layer and terminal
pin, a tapered sleeve of deformable metal wedged
between said insulator and a tapered wall of said
shell, said sleeve constituting the sole means for
supporting said electrode assembly in said shell,
a thin layer of powdered graphite interposed be-
tween the engaging surfaces of sald insulator and
sleeve, and means secured in said shell for hold-
ing said sleeve against movement out of said
shell, said last-named means comprising a me-
tallic shielding barrel and an insulating liner
therefor, said liner including a ceramic tube
placed end to end with at least one yieldable

stack of insulating washers.

25
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2. A spark plug comprising a tubular shell, a
ground electrode secured in said shell, a center
electrode assembly comprising an insulating tube,
an electrically conducting spindle secured in said
tube for cooperation with said electrode, said
spindle terminating intermediate the ends of said
tube, a compacted mass of finely divided electri-
cally conducting particles completely filling a
portion of the bore of said tube adjacent the end

. of said spindle, a terminal pin extending into
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said tube in spaced relation with said compacted
mass, & flne wire electrically connecting said
mass and pin, a rigid mass completely filling the
space in said tube around said wire and between
said terminal pin and compacted mass, a sleeve
of deformable metal having a tapering wall
thickness wedged between said tube and a ta-
pered internal wall of said shell, said sleeve con-
stituting means for supporting said electrode as-
sembly in said shell, a thin layer of finely divided
particles interposed between the engaging sur-
taces of said tube and sleeve, and means secured
in said shell for holding said sleeve against move-
ment out of said shell.

3. In a spark plug, a tubular insulator, a cen-
ter electrode secured in said insulator with one
end thereof terminating intermediate the ends of
said insulator, a terminal at the end of said in-
sulator in spaced relation to said electrode, means
for electrically connecting said terminal and elec-
trode comprising a compacted mass of powdered
conducting material filling a portion of the bore
of said insulator and an electrical conductor of
small transverse cross-section, and a rigid mass
of non-conducting materials surrounding said
conductor and filling the space in said insulator
between said terminal and said compacted mass.

4. In a spark plug, an insulator having a bore
therethrough, a conducting spindle secured in
said bore with one end thereof terminating inter-
mediate the ends of said insulator, a compacted
mass of conducting material completely fliling a

‘portion of said bore adjacent the end of said

spindle, a terminal at the end of said insulator,
a small conductor connecting said terminal and
said mass, and a rigid mass in said bore for hold-
ing said compacted mass, said conductor and said
terminal in fixed relation to said insulator.

5. In a spark plug, a center electrode assem-
bly comprising a tubular electrical insulator, a
conducting spindle fixed in said insulator, one
end of said spindle terminating intermediate the
ends of said insulator, means for sealing the bore
of said insulator against leakage of gases there-
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relation with said electrode &nd & rlgid unitary .

* through comprislnz & mass of finely ground elec-
trical conducting material fllling & portion of said
bore adjacent the end of said spindle and non-
conducting means in said bore for holding said
mass in position in said insulator, a terminal, and
means including said mass for electrically con-
necting said terminal and said spindle.

6. In a spark plug, a tubular insulator, a con-
ducting spindle secured in said insulator, a com-
pacted mass of finely divided electrically con-
ducting particles filling a portion of the bore of

10

sald insulator adjacent the end of said spindle, -

rigid means adapted to become plastic only at
temperatures higher than the maximum tem-
perature to which the same is subjected during
use filling a portion of said hore adjacent said
mass, & terminal partially embedded in said rigid
_means, and a hair-like conductor extending
through said rigid means for electrically. con-
necting said terminal and mass.

7. In a spark plug, a tube of electrical insulat-
ing material, a conducting spindle extending par-
tially through said tube and secured therein, a
compacted mass of high heat-resisting finely di-
vided particles filling a portion of the bore of
said tube, and a second mass substantially filling
a portion of said tube adjacent said first mass
and having interlocking relation with said tube,
said second mass being rigid at temperatures be-
low those to which it is subjected during use of
the spark plug and plastic in nature at and above
some. higher temperature

8. In a spark plug, a center electrode assembly
comprising a tubular insulator, and means for
sealing the bore of said tube against the leakage
of gases therethrough comprising superposed
masses of compacted graphite and a hardened
rigid substance comprising a mixture of alumi-
num and lead oxides.

9. In a spark plug, a center electrode assem-
bly comprising a unitary' tubular insulator, a
conducting spindle fixed in said insulator, and
means for sealing the bore of said insulator
against leakage of gases therethrough comprising
a compacted layer of finely divided electrically
‘conducting particles completely fllling an appre~
ciable portion of the bore of said insulator meas-

" ured longitudinally thereof and an adjacent lay-
er of non-conducting fusible material.

10. In a spark plug, & center electrode assem-
bly comprising a tubular insulator, means for
sealing the bore of said insulator against leakage
of gases therethrough comprising a rigid mass

"filling an appreciable portion of sald bore meas-
ured longitudinally thereof, said mass being con-
stituted by a mixture of lead oxide and finely
divided particles of at least one other substance
having a melting point higher than the melting
point of lead oxide, and a fine wire of electrically
conducting material extending through said mass.

11, In a spark plug, a tubular metallic shell
having a ground electrode thereon, a center elec-
trode assembly comprising a spindle in spark gap
relation with said electrode and an insulator sur-
rounding said spindle, and means for supporting
said assembly in said shell constituted substan-
tially by a unitary mass of deformable metal
wedged between said insulator and an internal
wall of said shell, the sole connection between
said insulator and mass being the gripping action
created by the wedging of said mass between the
inisulator and shell.

12. In s spark plug, a tubular metallic shell
having a ground electrode thereon, a center elec-

16
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Insulator surrounding said spindle, and means
for supporting said assembly in said shell con-
stituted by a unitary mass of deformable metal
wedged between said insulator and an internal

-wall of said shell, a portion of said mass extend-

ing into a depression in the outer surface of said
insulator, the sole connection between said in-
sulator and said mass being that created by the
wedging of sald mass against said insulator,

13. In a spark plug, a tubular metallic shell
having a ground electrode thereon, a center elec-
trode assembly comprising a spindle in spark gap
relation with said electrode and a rigid unitary
insulator surrounding said spindle, and means
for supporting said assembly in said shell con-
stituted substantially by an annular mass of read-
ily deformable metal, such as copper, wedged be-
tween said insulator and a tapered internal wall
of sald shell, the sole connection between said
insulator and sald mass being that created by

. .the wedging of said mass between said insulator

30

and said shell.

14. In a spark plug, a tubular metallic shell
having a ground electrode thereon, an insulated
center electrode and means for supporting the

latter in spark gap relation with said ground

electrode comprising a tubular mass of compara-
tively soft metal, such as copper, pressed between
said shell and the insulator surrounding said
center electrode, the sole connection between sald

° insulator and said tubular mass being that cre-
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trode assembly comprising a spindle in spark gap 18

ated by the pressing of said mass between said
shell and said insulator, and means secured in
said shell for holding said mass in position inde-
pendently of said insulated center electrode.
15. In a spark plug, a tubular metallic shell,
a center electrode and insulating means inter-

posed between said shell and electrode, metallic

means contacting said insulating means, and a
thin film of finely divided particles on the sur-
face of said insulator engaging said metallic
means.

16. In a spark plug, a tubular shell, a center
electrode assembly comprising a center electrode
and insulating means interposed between said
shell and electrode, a metallic sleeve surrounding
said Insulating means and having a press fit
thereon, and a coating of finely divided graphite
between the adjacent surfaces of said sleeve and
insulating means.

17. The method of making a spark plug which
comprises the steps of making a tubular insulator,
securing an electrode in a portion of the bore of
said insulator, compressing a layer of finely divid-
ed graphite in said bore adjacent the end of said
electrode, placing a fine wire in contact with said
layer, the ends of said wire projecting from said
insulator, fllling the remaining portion of sald
bore with a mixture comprising aluminum and
lead oxides, heating said mixture to the fusing
temperature of said lead oxide to convert said
mixture into a mass which is plastic in nature,
inserting a terminal pin into said plastic mass
and into contact with said wire, and permltting
said plastic mass to solidify.

18. The method of making a spark plug which
comprises the steps of making a tubular insula-
tor, securing an eléctrode in a portion of the bore
thereof, inserting a quantity of graphite in said
bore adjacent the end of said electrode, subjecting
sald graphite to pressure to compact the same,
placing an electrical conductor of small cross-
section in said bore in contact with sald graphite,
inserting a quantity of material having a fusible
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component in said bore, applying heat to sald
material to fuse said component and render said
material plastic in nature, and pressing a termi-
nal into said material and into contact with said
conductor before sald material solidiftes.

19. The method of making a spark plug which
comprises the steps of making a hollow electrical
insulator, inserting & quantity of graphite in said
{nsulator, subjecting said graphite to pressure to
compact the same into a layer completely filling
a central portion of said insulator, placing an
electrical conductor of small cross-section in said
insulator in contact with said graphite, inserting
a quantity of material having a fusible compo-
nent in said insulator, applying heat to fuse said
component, and inserting a terminal into said in-
sulator into electrical contact with sald conduc-
tor before said component solidifies.

20. The method of making a spark plug which
comprises the steps of making a tubular insula-
tor, securing an electrode in a portion of the
bore thereof, inserting a quantity of electrical
conducting material in said bore adjacent the
end of said electrode, subjecting said material to
pressure to crush and compact the same into a
layer completely filling a longitudinal portion of
said bore, placing a hair-like electrical conductor
of small cross-section in said bore in contact
with said layer, inserting a quantity of a sub-
stance having a fusible component in sald bore,
applying heat to said substance to fuse said com-
ponent and render the substance plastic in na-
ture, and inserting a terminsl] in said bore into
electrical contact with said conductor before said
substance solidifies.
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91, The method of making a spark plug which

comprises the steps of making a tubular metallic
shell having a tapered internal wall portion, po-
sitioning a cylindrical insulator in said shell,
placing a metallic sleeve of deformable material,
such as copper, between sald insulator and sald
tapered wall portion, and applying pressure to
sald sleeve while heating said shell and sleeve to
thereby wedge said sleeve between sald shell and
insulator.

29 The method of making a spark plug which
comprises making a tubular metallic shell having
a tapered internal wall portion, inserting an elec-
trical insulator and a metallic sleeve in said shell,
said sleeve having a loose sliding fit on said insu-
lator and having an external surface engaging
said tapering wall portion, heating said shell and
sleeve, applying pressure to said sleeve during the
application of heat to wedge the sleeve between
said wall and insulator while holding the latter
in a predetermined position relative to sald shell,
and continuing the application of pressure until
said sleeve and shell have cooled.

23. The method of making a spark plug which
includes the steps of making a tubular shell hav-
ing a tapered internal wall portion, inserting an
electrical insulator and a metallic sleeve Into said
shell, said sleeve having a loose sliding fit on
sald insulator and a tapered external surface en-
gaging said wall portion, inserting means includ-
ing an annular metallic portion into the end of
said shell into engagement with sald sleeve, ap-
plying heat to said shell and sleeve, applying
pressure to said means during the application of
heat to wedge sald sleeve between said wall por-
tion and insulator, and brazing said annular me-
tallic portion to said shell before discontinuing
the application of pressure.

24. The method of making a spark plug which
comprises making a tubular shell having a ta-
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pered internal wall portion, inserting an electri-
cal insulator and a metallic sleeve into sald shell,
said sleeve being positioned between said insula-
tor and said tapered wall portion, inserting a rig-
1d tubular insulating lining into a metallic shield-
ing barrel, inserting the end of said barrel into
said shell, heating said shell and sleeve, applying
pressure through said insulating liner to said
sleeve during the application of heat to wedge
said sleeve between said shell and insulator, and
brazing said barrel to said shell during said ap-
plication of pressure.

25. The steps of making a spark plug which
include making an insulator, applying a coating
of finely divided graphite to an annular portion
of the surface of said insulator, placing a metal-
He sleeve around said surface, and pressing said
sleeve into intimate contact with said surface
while heating the same.

26. In a spark plug, a center electrode assem-
bly comprising & tubular one-piece insulator
having & differential bore therethrough forming
an internal shoulder intermediate the ends of the
insulator, a conducting spindle in said insulator
having an enlarged head portion adjacent one
end thereof engaging a laterally extending sur-
face of sald insulator, the remainder of said spin-
dle having a central portion with a sliding fit in
a portion of sald differential bore having a small
diameter and a reduced portion of smaller diam-
eter than said bore at the other end thereof, said
reduced portion terminating in a-portion of said
bore having a large diameter, and a comparative-
1y soft metallic element surrounding said reduced
portion of the spindle and clamped between sald
shoulder and an outwardly pressed portion of the
reduced end of said spindle, said element having
an annular portion between the inner and outer
peripheries thereof in biting engagement with
the commer of sald shoulder.

27. In a spark plug, a center electrode assem-
bly comprising a tubular one-piece insulator hav-
ing a differential bore therethrough forming
an internal shoulder intermediate the ends of
the insulator, a conducting spindle extending
through the smaller portion of said bore and ter-
minating adjacent sald shoulder, the inner end
of sald spindle being of smaller diameter than
the small portion of said bore, and a compara-
tively soft metallic element surrounding the in-
ner end of said spindle and clamped between a
laterally extending surface of said shoulder and
an outwardly pressed portion of the end of said
spindle, said element having a cone-like portion
extending into the smaller bore of said insulator
and pressed into biting engagement with the cor-
ner of said shoulder.

28. In a spark plug, a center electrode assembly
comprising a tubular one-piece insulator, a con-
ducting spindle in said insulator having an en-
larged head portion adjacent one end thereof en-
gaging a laterally extending surface of said in-
sulator, the remainder of said spindle including
a central portion with a sliding fit in the bore of
said insulator and a reduced portion adjacent
said enlarged head portion having a smaller
diameter than the internal diameter of the in-
sulator bore surrounding the same, and means
for securing said spindle in said insulator.

29. In a spark plug, a center electrode assembly
comprising tubular electrical insulating means, a
conducting spindle in the bore of said insulat-
ing means terminating intermediate the ends of
the latter, means for sealing said bore against
leakage of gases therethrough comprising a mass
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of electrically conducting material completely
filling 'a portion of said bore, said mass having
sealing engagement with the walls of said bore
and electrical contact with said spindle, and
rigid non-conducting means holding said mass
in position in said insulating means, means
constituting a terminal extending into the bore
of said insulating means, and means comprising
a fine wire-like conductor extending through said
non~-conducting means for electrically connecting
said terminal and said mass.

30. In a spark plug, a center electrode assembly
including tubular insulating means, an electrode
in the bore of said insulating means comprising
conducting members extending into said bore
from opposite ends thereof and terminating in
- spaced relation to each other within the bore and
conducting means including an elongated hair-
like element connecting said members, and a
unitary non-conducting sealing mass completely
filling said bore around at least portions of said
element and one of said members for securing the
latter and said element in said bore.

31. In a spark plug, a center electrode assembly
comprising an insulator having a bore there-
through, electrically conducting means extending
through said bore, said conducting means includ-
ing spaced conducting members and means for
electrically connecting said members within said
bore, said connecting means including an elon-
gated conductor of very small transverse cross-
section as compared to the transverse cross-sec-
tion of said bore, and rigid sealing means molded
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into said bore around said conductor, said seal-

ing means being adapted to be rendered plastic
by heat.

32. A spark plug comprising insulating means
having & bore therein, electrode means in said
bore comprising a lower section having an end
serving as a sparking electrode, an upper section
constituting a terminal for connection with a
suitable lead, an intermediate electrically con-
ducting seal for said bore in contact with one
of said sections and an elongated wire-like ele-
ment of small transverse cross-section electrically
connecting sald seal and the other of said sec-
tions, and non-conducting sealing: means com-
pletely filling a longitudinal portion of said bore
around said element.

33. A spark plug comprising insulating means
having a bore therein, conducting means extend-
ing through said bore, a central portion of said
conducting means being constituted by a wire-like
conductor, and non-conducting fusible sealing
means molded into and completely filling an axi-
ally extending portion of said bore around said
conductor.
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34. In a spark plug, insulating means, a_thin
film of finely divided particles on the surface of
said insulating means, and metallic means pressed
against said surface for preventing gas leakage
between said insulating means and said metallic
means.

35. The method of making a spark plug which
comprises the steps of making tubular insulat-
ing means, compressing a layer of electrically
conducting material in said bore to seal the same,
placing a wire-like conductor in said bore in con-
tact with said layer, inserting a non-conducting
substance having a fusible component in said
bore, applying heat to said substance to fuse
said component, and permitting said substance
to cool and seal said bore around said conductor.

36. ‘The method of making a spark plug which
comprises the steps of making a tubular metall’c
shell having a tapered internal wall portion, posi-
tioning a rigid insulator, such as ceramic, ir said
shell, placing a metallic sleeve of deformable
material in contact with said insulator between
the latter and said tapered wall portion, and
applying pressure to said sleeve in a direction
parallel to the axis thereof while holding said
insulator against axial movement relative to said
shell to thereby wedge said sleeve between said
shell and insulator. '

37. A method of making a spark plug which
comprises the steps of making a tubular metal-
lic shell, inserting an electrical insulator and a
metallic sleeve in said shell, said sleeve surround-
ing said insulator, applying pressure to said sleeve
in a direction parallel to the axis thereof while
holding said insulator against axial movement
relative to said shell to deform said sleeve and
thereby simultaneously press the same into inti-
mate contact with said insulator and shell.

38. The method of making a spark plug which
includes the steps of making an insulator, apply-
ing a coating of finely divided particles to at least
a portion of the surface of said insulator, and
pressing a metallic element into intimate contact
with said coated surface.

39. In a spark plug, an insulated center elec~ -
trode, a metallic shielding barrel surrounding the
upper end of said electrode and extending be-
yond said upper end to form a terminal well, the
upper end of said barrel having a smaller inter-
nal diameter than the portion thereof adjacent
the upper end of sald electrode, and an insulat-
ing sleeve lining said, barrel, said sleeve having
a substantially uniform internal diameter and
an external diameter conforming generally-to the
internal diameter of said barrel. .
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