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This invention relates to ignition apparatus and
more particularly to spark plugs adapted for use
in igniting the combustible charges in the cylin-
ders of internal combustion engines and the like
and to methods of making said spark plugs.

One object of the present Invention is to provide
a novel spark plug which is so constructed that
the leakage of gas therethrough from an engine
eylinder is wholly or substantially eliminated.

‘Another object of the invention is to provide
a novel radio-shielded spark plug of simplified
construction consisting of a relatively small num-
ber of parts.

Still another object is to provide a spark plug
structure whereln means for reducing or retard-
ing erosion of the electrodes thereof are incorpo-
rated in a novel manner.

A further object is to provide 2 novel center
electrode assembly for a spark plug employing
ceramlic insulation whereby danger of any crack-
ing of the ceramic during assembly or during op-
eration due to wide temperature and pressure
changes is reduced to a minimum,

A still further object is to provide an insulated
electrode for a spark plug wherein novel means
are utilized for centering the electrode in an in-
sulator and enhancing the conduction of heat
from the electrode to the insulator.

Another object is to provide novel means for
securing an electrode in the bore of an insulator
and sealing said bore agalnst the passage of
moisture and gases. ’
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Another object is to provide & novelly con-

structed ground electrode in a spark plug where-

by the efficient life of the plug may be materially-

enhanced.
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 accompany!ng
drawings. It is to be expressly understood, how-
ever, that the drawings are for the purpose of
illustration only and are not intended to deflne
the limits of the invention, reference for this lat-
ter purpose belng primarily had to the appended
ciaima,

In the drawings, 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;

Fig. 2 is a bottom end view of sald spark plug;

Fig. 3 is a side elevation, partly in section, show-
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ing another form of spark plug embodying the
Invention; and

Pig. 4 is a bottom view of the spark plug shown
in Fig. 3.

The invention is illustrated in the drawings, by
way of example, as being embodied in radio-
shielded spark plugs of the general type universal-
ly used in present day aircraft engines but it will
be understood that the features of the invention
are equally applicable to spark plugs which are
not of the shielded type. In the embodiment
shown in Fig. 1, the spark plug comprises a tubu-
lar metallic shell 18, which is externally threaded
at 11 for cooperation with a threaded opening in
an engine cylinder (not shown). The bhore
through shell 10 is provided with a tapered wall
portion 12 for a purpose which will more fully ap-
pear herelnafter. A ground electrode 18 of any
suitable known construction is secured in the
lower end of shell 10 by means of sllver solder or
other suitable means,

Ground electrode 13 is in cooperative spark gap
relation with the enlarged head portion 14 of a
center electrode I8 which constitutes a part of
novel conducting means mounted in the differen-
tial bore 18, 7 of a ceramic or like insulator 18
for conducting high tension electrical current -
therethrough. In the form shown, the head {4 of
the center electrode engages the lower end of in-
sulator (8 and the elongated spindle I8 thereof
extends through the small or reduced portion 18
of bore 18, {7 and terminates in the larger portion
1T thereof. The upper end of spindle (9 is pro-
vided with one or more annular grooves 20 or
other sultable deformations for a purpose to ap-
pear hereinafter,

In the molding and firing of insulators made
of ceramies, aluminum or other metallic oxides
and similar {nsulating materials from which in-
sulator 18 may be fabricated, no means or method
has yet been discovered whereby a finished spark
plug insulator having exact predetermined di-
mensions can be consistently produced with any
degree of certainty. In view of thls fact, the
spindles of center electrodes in prior spark plugs,
for practical reasons dictated principally by pro-
duction methods and operating conditions, have
been slightly smaller than the bore of the insu-
lator. This has been necessary, for example, {o
prevent cracking of the insulators due to the dif-
ference between the coefficients of expansion of
the metal electrodes and the ceramic insulators
but it Induces leakage of gases through the plug.
This difference in size often results in a slight lon-
gitudinal tiiting of the electrode which, in turn,
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throws the head 14 thereof out of center with re-
spect to ground electrode 13, thereby dis.urbing

the uniformity of the spark gap between the ad-"

jacent surfaces of head 14 and prongs 24 of the
ground electrode and. hence, reducing the effi-
clency and operating life of the spark plug. Ad-
ditionally, any space between the spindle and the
walls of the bore in the insulator prevents gool
heat conduction from the spindle to the outer
cooler portions of the plug, which, in turn, results
in the heat being conducted from the hot gases
and combustion in the engine cylinder to the in-
sulated incoming or supply cable (not shown), the
insulation of which generally deteriorates rapld-
ly at high temperatures. -

The present invention accordingly comprehends
means for mouniing center electrode (¥ in insu-
lator 18 in & novel manner whereby accurate cen-
tering of the electrode and good heat conduction
therefrom are assured without subjecting the in-
sulator to the danger of being cracked by expan-
sion of the electrode. In the form illustrated,
spindle 18 of the electrode has the diameter
thereof slightly reduced for a major portion of
the length thereof in bore 1§ to form shoulders
22, 22. The diameter of spindle {9 adjacent th2
ends of said reduced portion, i e. the diameter
of said shoulders, is slightly less than the diame-
ter of bore {8, the clearance of these parts in the
bore being determined by the accuracy with which
insulator I8 is constructed. The surface of the
central reduced portion of spindle {8 is creferab'y
roughened slightly, such as by sand-blasting, and
several layers 23 of thin metallic foil or the like
are wrapped around the same, the number of
iayers or turns being just sufflcient to provide a
tight siding fit in bore 6.

The wrapping of the foil or similar heat resist-
ing sheet material on the body of spindle (9
between shoulders 22, 22 and the insertion of the
spindle into the bore of the insulator may be
effected by hand while holding the head {4 of the
electrode in = tool or chuck, thereby providing
sufficient leverage or torque to Insure tight wrap-
ping of the foil and a tight fit in the insulator.
The foil layers 28 serve to center the elecirode

. in bore 16 and sct as a good conductor of heat
between the electrode and the insulator. Said
layers are sufficiently yieldable. however. in o
radial direction to obviate any danger of crack-
ing of the insulator by expansion of spindle (9
when the assembled parts are subjected to high
temperatures during assembly of the remainder
of the plug and during operation in an engine.
Since the heat is conducted away from the nose
14 of the electrode more readily than in prior
spark plugs the pre-ignition pressure of the en-
gine is increased and a so-called “colder” spark
plug is obtained.

Novel means are installed in bore {7 of insula-
tor {8 in a novel manner for sealing said bore
-against leakage of gases therethrough, for hold-
ing electrode {5 in the insulator, and for conduct-
ing high tension eclectrical current to said clec-
trode. In the form shown, current is conductzd
to electrode i5 from a suitable rourcc through a
metallic terminal 24, an clectrical resistor or othar
suitable conductor 23 and a wire 26 of very cmall
radial cross-section. The space around these
conducting elements is completely filled with a
suitable electrically non-conductive material 27
having a high melting point. The sealing mate-
rial is a unitary rigid mass and has interlocking
relation with spindle 19 at grooves 20 and with
terminal 24 at groove 28, or other similar de-
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formations in said spindle and terminal, to
thereby hold the parts in assembled relation.

The use of resistor 25 is optional but is pref-
erably provided for the purpose of reducing ero-
sion of the active parts 14 and 21 of the electrodes
13 and (5. Said resistor may have a resistance
value of anywhere from approximately 75 ohms
to 10,000 ohms, but a value between 500 ohms
and 1,000 ohms is most desirable for the purpose
mentioned above. One resistor which has been
found suitable is made by the Globar division of
the Carborundum Company and is commercially
known as “Globar type B” resistor. The resistor
may be made of the similar material as the heat- .
ing elements for electric furnaces, for example.
The ends of resistor 25 may be protected by metal
caps 29 or the like and these, in turn, may be
coated with graphite or similar material to in-
sure good electrical contact with terminal 24
and conductor 25. ~Althouglh rcveral suitable
non-conducting sealing materials may be em-
ployed at 27, one which has been found to be
particularly advantageous comprises a mixture
of approximately five parts by weight of alu-
minum oxide, such as “Aloxite” cement No. 314
made by the Carborundum Company, and two
parts by weight of lead oxide. These propor-
tions are not critical, however. One of the con-
siderations is to provide a sealing material which
will become plastic-like or pasty only when
heated to a temperature above the maximum
operating temperature of the spark plug but be-
low any temperature which might be detrimental
to the spark plug parts. This result may be ob-
tained by using a mixture consisting primarily
of an insulator with a high melting point, such
as aluminum oxide, which melts at approxi-
madtely 2,050° C., and an-insulator having a some-
what lower melting point, such as lead oxide,
which melts at approximately 838° C. The alu-
minum oxide might be replaced in the above
mixture by tale (magnesium aluminum silicate),
magnesium oxide, bentonite, or other clays or, in
general, any refractory oxide which is adapted
to withstand temperatures comparable to those
mentioned above without decomposing. The lead
oxide component of the mixture may be replaced
by any inorganic, non-conducting material hav-
ing a melting point between approximately 900°—
1800° . When a mixture of the above character
is heated to a temperature at or slightly above
the melting point of the lead oxide or its equiva-
lent, the latter becomes liquid and a pasty or
plastic-like compound results which will not be-
come glassy and brittle when it solidifies on cool-
ing. The aluminum oxide or equivalent substi-
tute gives strength to the mixture when it cools
and solidifies to a unitary mass.

Conductor 26 may consist of a Nichrome or
other suitable wire having a small diameter. A
wire, commercially known as Driver-Harris Com-
pany No. 183 alloy having an outside diameter
of .008’’ has been found suitable. One end of
said wire is secured to the upper end of spindle
{9 before the latter is inserted in insulator {8
and the free end thereof is coiled by winding the
same around a suitable tool having a diameter
somewhat smaller than that of bore 6. After
electrode 15, with wire 26 attached fheretfo, is
inserted into insulator {8 in the manner hereto-
fore described, said wire is preferably extended
until about three turns thereof remain in bore 17
and the same is then cut off substantially flush
with the end of said insulator.

When the assembling of the parts has reached
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the stage last mentioned above, hore 7 is filled
with the sealing material 27 in finely divided
powder form, the components thereof being
thoroughly and intimately mixed with one an-
other. A powder which will pass a 200 mesh
screen has been found suitable. After the pow-
dered material has been settled, such as by vibra-
tion of the assembly, tamping or the like, the
same is placed in a chuck on a press and resistor
2§ is set on the surface of the powder in contact
with the cofled end of wire 28. Terminal 24 may
be magnetically or otherwise suitably supported
by the plunger of the press and lowered into en-
gagement with the resistor. While a longitudinal
compression pressure of approximately 50 pounds
is being applied to the parts by the press, one or
more gas flames are played on the outer surface
of insulator {8 or other suitable heating means
are employed to raise the temperature of the
filling powder to the melting point of the lead
oxide or other equivalent component of the pow-
dered mixture having the lowest melting tem-
perature. As the powder is rendered pasty by the
melting of one of its components, resistor 25 and
terminal 24 will be forced into final position by
the applied pressure. When the parts reach the
positions illustrated in the drawings, the source
of heat is removed and as soon as the parts have
ccoled somewhat at normal room temperature,
the center electrode assembly, completed except
for minor machining operations, is removed from
the press for mounting in shell (0.

The center electrode assembly, when thus sealed
against the leakage of gases, is preferably mount-
ed in shell 10 in such a manner as to prevent any
gas leakage between insulator 18 and said shell,
This mounting is effected by wedging a sleeve 38
of relatively soft metal, such-as copper, between
a surface of insulator 18 that is coated with a thin
layer of powdered graphite or the like and tapered
wall 12 in shell {0, said sleeve being held within
the shell by a shielding barrel assembly consisting
of a metallic barrel 3§ surrounding a rigid insulat-
ing sleeve 32. Barrel 31 may be silver-soldered,
as at 35, or otherwise suitably secured in shell 0.
Annular shims 33 made of mica, asbestos or the
like may be interposed between insulating sleeve
32 and metallic sleeve 30 to insure proper longi-
tudinal dimensions of the spark plug. For the
purpose of centering sleeve 32 in barrel 3(, any
space between these parts is preferably taken up
by one or more layers 34 of sheet asbestos or the
like wrapped around said insulating sleeve.

In assembling the insulated center electrode,
shell {0 and shielding barrel assembly 31, 32, the
center electrode assembly {s loosely inserted into
shell or body 10, the latter being threaded into or
otherwise suitably held by a fixture adapted to
position the center electrode assembly in proper
axial relation to said shell. Copper bushing or
sleeve 30 is inserted over insulator 18 into shell 10
between tapered surface 12 and the outer graphite
coated surface of insulator 18. In order to avoid
any possibility of the insulated center electrode
being dislodged by pressure within an engine cyl-
inder, the outer surface of insulator {8 engaged
by sleeve 30 is preferably provided with a slight
taper. A taper of .010’’ over the whole length of
the insulator is sufficient, the smallest diameter
being at the upper or outer end adjacent terminal
24. The inner diameter of sleeve 30 is preferably
somewhat greater than the outer diameter of in-
sulator 18 to facilitate assembly and, hence, rests
initially upon tapered surface {2 of shell {0.

The shielding assembly 34, 32, 83 is inserted
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in the upper, enlarged bore of shell: 18 after the
adjacent surfaces of barrel 31 and shell 10 have
been coated with a suitable soldering flux and a
ring of silver solder or its equivalent is then placed -
on the upper end of shell (0 in close proximity to
the base of barrel 3. The central portion of the
entire assembly comprising sleeve 3% and the
lower end of barrel 31 is then heated, such as by
means of & “Lepel” coil or gas flames, to or ahove
the melting temperature of the silver solder, 1. e.,
approximately 1,300° F, Electric induction heat-
ing as effected by a “Lepel” coil is preferable since
it localizes the heat and heats both the internal
and external parts quickly with substantial uni-
formity. _

While the parts are thus heated to effect the
melting of the solder 35 to thereby join shell 10
and barrel 3!, a pressure of approximately 1,500

"1bs. is applied to the top of shielding assembly 80,

31, thus forcing the latter against the soft metallic
sleeve or bushing 3% and causing the latter to
wedge firmly between the tapered wall 12 of shell
10 and the slightly tapered outer surface of In-
sulator 18. This insures substantially perfect
sealing against gas leakage around the center
electrode assembly and locks the ceramic in-
sulator in position relative to shell 18, said posi-
tion being determined by the shell holding fixture
which fixes the shell and center electrode as-
sembly against relative axial movement during
the application of pressure to sleeve 3. The pres-
sure is maintained after termination of the heat-
ing until the parts have cooled sufficiently to per-
mit solidification of solder 35 so that it will hold
the parts in assembled relation. By reason of
the fact that the bodily expansion of sleeve or
bushing 30 is relied upon to fill the tapered an-
nular space between surfzce {2 of shell {0 and
insulator 18, it will be seen that exact dimensions
for the parts are not essential,

The assembly of the spark plug is completed by -
installing ground electrode 13 in shell {6 in spark
gap relation with the head 14 of center electrode

.I5. The ground electrode may be secured in the

shell by means of silver solder or any other suit-
able means known in the art.

If desired. the annular space between insulator
18 and insulating sleeve 32 may be filled with a
suitable insulating compound 38. Suitable com-
pounds for this purpose may consist of poly-
merized cashew-nut-shell oil or polymerized lin-
seed o0il mixed with a suitable drying agent which
will cause the polymerized oil to solidify through
chemical reaction. Such mixtures may be in-
serted under vacuum in li~uid form or the same
may be roured into the bore of shielding assemkly
31, 32 and then subjected to pressure. Solidifica-
tion may be accelerated by application of heat.

The structure of the spark plug embodying the
present invention may be modified in accordance
with the illustration of Fig. 3 wherein the shell
{0’ and shielding barrel 31’ are formed integrally
as a unitary element 31. In assembling this modi-
fied structure, the necessary pressure for wedging
sleeve 30 into place may be accomplished by ex-
tending a force transmitting sleeve or the like
through barrel 31’ into engagement with sleeve
or bushing 30. Thereafter, insulating sleeve 327,
34’ and any necessary shims 33’, 33’ are inserted
in barrel 31’ and the outer end of the latter is
spun inwardly to form a retaining flange 38.
Shims 33’ may consist of mica or asbestos washers

- or other equivalent material.

* There is thus provided a novel 'spark plug
wherein the deleterious effects of high tempera-
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tures and pressures to which the same is subjected
during operation in an engine are materially re-
duced ' and wherein the deterioration of the.
electrode surfaces is reduced to & minimum. Also,
this novel spark plug is fabricated from a small
number of simple and rugged parts and embodles
novel means for mounting and sealing the center
electrode assembly in the spark plug shell. There
is also provided 2 novel center electrode assembly
for a spark plug wherein the bore of the insuiator
is sealed against gas leakage therethrough in a
novel manner.

Although only two modifications 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 spark plugs as it is to
the specific types shown. It will also be apparent
that materials other than those specifically men-
tioned may be used for sealing purposes and for
the purpose of centering certain parts with re-
spect to others without departing from the in-
vention. Various changes may alsoc be made in
the design and arrangement -of parts illustrated
without departing from the spirit and scope of
the invention. 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 comprising a cylinder engag-
ing shell, a ground electrode secured in said
shell, a center electrode assembly comprising a
rigid tubular insulator, a metallic conducting
spindle in said insulator, said spindle terminat-
ing 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 laterally extending surface of said in-
sulator, radially yieldable means, such as a plu-
rality of layers of metallic sheet material, sur-
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‘rounding a portion of said spindle for centering ‘

the same in the bore of said insulator, a metaliic
terminal extending into the bore of said in-
sulator, a rigid mass of non-conducting filling
material comprising aluminum oxide and lead
oxide in the bore of said insulator between said
terminal and spindle, said mass having inter-
locking relation with said terminal and spindie,
conducting means embedded in said mass for
electrically connecting said terminal and spindle,
said conducting means including an electrical

resistor having a resistance in excess of 75 ohms -

and a wire of small diameter, a tapered sleeve
of deformable metal wedged between said in-
sulator and a tapered internal wall of said shell
for supporting said electrode assembly in said
shell, and means secured in said shell for holding
said sleeve against movement out of said shell,
sald last-named means comprising a metallic
~ shielding barrel and an insulating liner there-

for, said liner including a rigid insulating tube
placed end to end with at least one slightly yield-
able insulating washer and a filling of sheet
material for cenfering said rigid tube in said
barrel,

2. A spark plug comprising a cylinder engag-.

ing shell, a ground electrode secured in said
shell, and a center electrode assembly in said
shell comprising a rigid tubular insulator, a
metallic conducting spindle in said insulator,
said spindle terminating ai one end interme-
diate the ends of said insulator snd having an
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enlarged head portion at the other.end thereof
in spark gap relation with said ground electrode
and in engagement with a laterally extending
surface of sald insulator, radially yieldable °

- means, such as a plurality of layers of metallic

sheet material, surrounding & portion of said
spindle for centering the same in the bhore of
said insulator, a metallic terminal extending
into the bore of said insulator, a rigid mass of
non-conducting filling' material comprising
aluminum and lead oxides in the bore of said
insulator between said terminal and spindle,
said mass having interlocking relation with said
terminal and spindle, and conducting means
embedded in said mass for electrically connect-
ing said terminal and spindle, said conducting
means including an electrical resistor having a
resistance in excess of 75 ohms and a conducting
wire of small diameter.

3. A spark plug comprising a tubular shell, a
ground electrode secured in said shell, and a
center electrode assembly in said shell compris-
ing an insulating tube, an ¢lectrically conduct-
ing spindle extending into said tube and having
one end thereof in spark gap relation with said
‘electrode, said spindle terminating intermediate
the ends of said tube, a terminal member ex-
tending into said tube in spaced relation with
said spindle, means including a flne wire for
electrically connecting said spindle and terminal
member and a rigid mass of electrically non-
conductive material sealing the bore of said tube
around said wire and having interlocking rela-
tion with said spindle and ferminal member
for holding the same in assembled relation.

4. In a spark plug, a tubular insulator, a cen-
ter electrode in said insulator with one end
thereof terminating intermediate the ends of
said insulator, means surrounding a portion of
said electrode for centering the same in the
bore of said insulator, a terminal at the end of
said insulator in spaced relation with said end
of said electrode, means for electrically connect-
ing said terminal and said electrode comprising
an electrical conductor of small transverse cross-
section, and a rigid mass of electrically non-
conductive materials surrounding said conductor
and having interlocking relation Wlth said ter-
‘minal and electrode.

5. In a spark plug, a tubular insulator, a center
electrode in said insulator with one end thereof
terminating intermediate the ends of said in-
sulator, means surrounding a portion of said
electrode for centering the same in the bore of
said insulator, a terminal at the end of said
insulator in spaced relation with said end of
said electrode, means for electrically connecting
said terminal and said electrode comprising an
electrical conductor of small transverse cross-
section, and a rigid mass of electrically non-
conductive materials surrounding said conductor
and having interlocking relation with said ter-
minal and electrode, said connecting means also
including an electrical resistor having a value in
excess of 75 ohms embedded in said rigid mass,

6. In a spark plug, a tubular insulator, cur-
rent conducting means extending through the
bore of said insulator inciuding a metallic elec-
trode having an elongated spindle in said bore,
and one or more layers of thin flexible, elec-
trically conductive, heat transmitting, compres-
sible sheet material surrounding a portion of said
spindle and substantially filling the annular

: space between said portion and the wall of said

76
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7. In a spark plug, a rigid tubular insulator,
a rigid metallic conductor extending through at
least a portion of the bore of said insulator, and
means for centering said conductor in said bore
comprising a plurality of layers of metallic foil
surrounding said conductor.

8. In a spark plug, a rigid insulator ha.vmg a
bore therethrough, means for conducting elec-
trical current through sald bore, including an
electrode having a head portion disposed exter-
nally of said insulator and an elongated spindle
of a diameter less than the diameter of said
bore, said spindle having a reduced portion in-
termediate the ends thereof forming spaced
annular shoulders thereon, and electrically con-

9,458,048
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ductive means comprising a plurality of layers '

of metallic sheet material surrounding the re-
duced portion of said spindle and disposed be-
tween said shoulders for centering said head
portion with respect to said bore.

9, In a spark plug, an insulator having a bore
therethrough, means for conducting electrical
current through said bore, including an electrode
having a head portion and an elongated spindie,
and means surrounding said spindle for center-
ing said head portion with respect to said bore,
said last-named means comprising a plurality
of layers of metallic foil surrounding said spindle
within said bore.

10. In a spark plug, a tubular insulator, means
for conducting electrical current through the
bore of said insulator, including a rigid metallic
spindie and a plurality of layers of metallic sheet
material surrounding said spindle for a substan-
tial portion of its length within said bore for
centering said spindle in said bore. )

11. In a spark plug, a tubular insulator, cur-
rent conducting means extending through the
bore of said insulator including a rigid metallic
spindle, and radially-yieldable electrically-con-
ductive means comprising a plurality of layers
of metallic material in the clearance space
around a portion of said spindle within said bore
for centering said spindle in said bore.

12, 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 sald insulator, radially yield-
able means: surrounding said spindle for center-
ing the latter in said bore, a terminal at the end
of sald insulator in spaced relation with said end
of sald spindle, means for electrically connecting
said terminal and spindle, and a rigid mass of
electrically non-conducting .material sealing said
bore around said connecting means and having
interlocking relation with said spindle and termi-
nal for holding the same in assembled relation.

13. A spark plug comprising a tubular shell,

"a ground electrode secured in said shell, and a
center electrode assembly mounted in said shell
and comprising an insulating tube, an electrical-

- 'ly conductive spindle terminating intermediate

. the ends of the bore of said tube and having one

end- thereof in spark gap relation with said
ground electrode, a terminal member extending
into one end of said tube in spaced relation with
the end of said spindle, means including a wire of
small radial cross-section for electrically con-
necting said spindle and terminal member, and
& rigid mass of electrically non-conductive mate~
rial sealing the bore of said tube around said con-
‘necting means and having interlocking relation
with sald spindle and terminal member for hold-
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ing the same in assembled relation said wire
and a portion of said non-conductive mass com-
pletely filling an appreciable longitudinal portlon
of the bore in said tube.

14. The method of making a spark plug which
includes the steps of making a tubular insulator
and a metallic electrode having an elongated
spindle, wrapping a plurality of layers of metallic
sheet material arourid at least a portion of said
spindle, inserting said wrapped portion of said
spindie in the bore of said insulator with said
sheet material in close contact with the walls of
said bore and securing said spindle in said bore.

15. The method of making a spark plug which
includes the steps of molding a tubular insulator,
making a metallic electrode having a spindle,
wrapping a plurality of layers of metallic sheet
caterial around at least a portion of said spindle,
securing a fine, electrically conductive wire to one
end of said spindle, inserting said spindle in the
bore of said insulator with said sheet material
in close contact with the walls of said bore and

- with said wire extending from one end of said
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bore, filling the bore of said insulator areund
said wire and a portion of szid spindle with a
powdered mixture of insulating materials having
different melting temperatures, heating said mix-
ture to a temperature equal to at least the melt-
ing temperature of the component of said mix-
ture having the lowest melting temperature, and
inserting electrically conductive terminal means
into said bore in contact with said wire to embed
at least a portion of said terminal means in said
insulating mixture, and thereafter permitting
said mixture to cool and solidify.

16. A spark plug comprising a shielding tube
asbestos sheeting snugly fitting inside the tube,
a rigid insulator snugly fitting within the as-
bestos sheeting, insulation snugly fitting inside

40 the insulator, another insulator snugly fitting
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within the insulation, and an electrode within the
last named insulator and snugly fitted therein by
means comprising a winding of flexible material,
the arrangement of the parts presenting a sub-
stantially solid section adapted to minimize the
effects of vibration and shock.

17. A spark plug comprising a shielding tube,
asbestos sheeting snugly fitting inside the tube,
a rigld insulator snugly fitfing within the as-
bestos sheeting, insulation snugly fitting inside
the insulator, another insulator snugly fitting
within the insulation, and an electrode within the
last named insulator and snugly fitted therein,
the arrangement of the parts presenting a sub-
stantially solid section adapted to minimize the
effects of vibration and shock.

"TULLIO TOGNOLA.
LOUIS H. SEGALL.
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