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1

This invention relates to spark plugs and mere
particularly to special means increasing fhe -dis-
sipation of heat from ‘the electrode cap to the
parts of the spark plug whieh :dissipate the heat.

The immediate object is the provision of means
giving the best possible efficiency of -heat trans-
fer with the provision .of aneans giving the best
possible efficiency of electrical conductien, with-
out these functions -cenflicting with each wother,
or.one-diminishing the.pther.

For this purpese the invention -consists -of a
spindle having & bore filled with a -compact of
compressed silver powder, the bore extending be-
yond a compact of powdered -copper and silver

" located at about -ane half the length of the siiver |

compact in the spindle, whereby the heat of the
electrode eap is quickly transmitted to the copper
and silver compaet, and frem there to the heat
dissipators ¢f the spark plug. :
Also, the inverstion consists of :a.spacer washer
in the spark gap to resist a «closing of the spark
gap when the copper and silver powder is being
compucted, which swasher is then removed after
the spark plug is completed, the washer main-
taining the proper dirnension for the spark gap

and preventing the bredking of a porcelain sleeve

acting as an insulator.

The invention will be further deseribed, &m-.

bodiments thereof shown in the drawings, and
will he ‘finally pointed out in the claims.
In the secompanying drawings, )

Figure 1 is a central vertical section -of a spark:

plug embodying the invention;
Pigure 2 is a central vertical section of the 1m-
proved electrode spindle, completely filled;
Figure $'is a centrsl vertical section of the
improved spindle iilled about one third, .
Figure 4 is a central vertical section of the im-
proved spindle filled about two thirds;
Figure B is an enlarged fragmentary section of
the electrode cap and spark gap parts;
Figure 6 is a horizontal section taken on line
§—8§ of Figure 5, and

Figure 7 is a plan view of the spacing washer.
Similar charsciers of reference ingdicate corre--

sponding parts throughout the various views.

Referrinig to the drawings, the spark plzug'

shown in Figure 1, has the usual and known ele-

ments, with the improvement Jereinafter claimed

embodied therein.

The improvement consists in providing the-
spindle or stem 18 for the electrode with a bore-

it extending from the elecirode cap 22.1t0 ‘the

other ‘end of the stem, and filling this bere #1
almost throughout its entire length witha tightly
comapacted metallic powder, such as silver, having

the highest conductivity of heat. This powder is

compacted very tightly by pressure-and compres--

sion, so as o Form substantially o salid 8. -As
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such .o powder is flocculent and thus ‘bakes up a
considerakle vohume before its -compression to
fhae exbent necessary, the present -day method s
to compact it in three stages. In Figure 3, is
shewn the first stage indicated to height shown
generally &y #4. The second stage is .shown in
Figure 4, indicated by the height shown by 15,
and the final stage is shown in Figure 2, indieated
by e height shewn by 8. The compression
top indicated by 14 in Figure 4 disappears when
the next stage is added. Likewise, the line 9
disappears in Figure 2. These Iines are :shown
fov clarity, #hough a merger of the charges takes
rlace. There may be, however, a slight variation
in-ecompactness, the tep of one «charge :ard the
sdiscent botom -of the next upper charge as com-
pacting of inetal poveder depends on forces ap-
plied and their reactions. For practical purposes,
the charges of Pigure 2 act as ene integral piece.
The compression is such as to avoid all air spaces
in the compresved material and between it and
the walls forming the bore. Thecompacted inlay
is of silver, and the surrounding hellow spindle
and-cap 22 is made of stainless steel:

Surrounding the spindle is a closely fitting
cylinder 47 of insulsting mekerial, preferably
mica sheets weund spirally around the spindle,
which extends froem the cap &2 or lower and
of the spindle teo the upper end -of the same
portion
of the upper -end of the spindle as at §. The
cap 22 of the spindle has a circular recess i3
for the entrance of the lower end ol this imswiat-
ing cylinder 1%. For electrical purpeses it is
important that this insulating eylindrical sleeve
be frmly seated in the recess #8, and e tightly
wound with the edges tightly abutting, to pre-
vent -electrical leakage. "The recess 18 is sul-
ficiently wide in the ecmbodiment shown, to
asccommodate also a cylindrical sleeve 78 of ‘por-
celain or the like, insulating material wiich has
its lower end seated ‘h the recess #8, and which
extends upwardly to seat against z shoulder 29
in the exteriorly screwthreaded member 2%.
This porcelain sieeve #8 is used as 8 §PO0CL for
the spark plug and.as a protector placed -at
the imnner end of the spark piug, to guard the
exterior of the mica cylinder 1% from spotting.
The spzcer action is mow less fmportant I view’
of the following.

The -cap 22 has a plane circumferential sur-
face 23, which is paralel with 2 plane cipeun-
ferentia) surface 24, of the member 21, and these
surfaces are spaded from each other to form 2

“spark gap 25 The member 2% has @ circum-.

ferential vecess 26, the depth snd width of this
recess determining the temperature of the ¢ir- .
cumferential space 2%¢, to maintain the proper
heat balance. ‘ i
Another improvement is the provision ef =a
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3
spacing disc 21, as shown in plan in Figure 7,
the interior opening 28 of which has substan-
tially the same diameter as the external dis-
meter of the cylinder 1S, and the extericr peri-
meter of which has the same diameter as the
external diameter of the cap 22 and of the ex-
tension 28 of the member 2f, which are in

. 4
forming a space 36a with the exterior of the
insulating sleeve {1, which space is filled with a

" suitable cement.

A plurality of mica washers 38 are piled upon
the copper washer 36, which extend upwardly to

" .- the upper end of the mica sleeve {71, both of

alignment. The thickness of the disc 27 iso -

slightly larger than or equal to the space of ;

the spark gap 25. ‘This disc 27 is made of cél-

iree from any intervening material.
time, the surfaces 23 and 24 are clean.
© The washer -27 acts as resistor to the closing
of the spark gap, which has been found to take
place when the metal power is pounded -and
compacted to the inlay 30. The presence of
the washer prevents this closing of 'the gap.
Heretofore, a closing of the gap broke the
ceramic cylinder -18.. The use of the washer 21
prevents any  compression upon -the ceramic
cylinder {9, if used. Heretofore, the ceramic
cylinder determined the width of the spark gap,
but now the washer assures the exact width of
the spark plug within tolerances.

Above the spark gap region, the member 2}
is provided with a shouider 32, which forms the

bottom of a conically shaped bore 31 of the

member 21, which bore 31 extends to an upper
shoulder 2{a. After the spindle with its sur-
rounding mica insulator has been inserted into
the member 21, a conical sleeve 33 of metal is
slipped - down over the mica covered spindle.
Powdered ‘metal, such as a mixture of copper
and silver is then charged into the remaining

space between the exterior of the sleeve 33 and-

bore &i. To prevent the powdered metal from

being forced between the shoulder 32 and the .

bottom of the sleeve 33, there is first inserted
8 small charge of mica powder .and this is
tightly stamped and compressed and forced into
the space 31. Part of this may be forced to

the mica sleeve 11, and thus form an efficient.

protector for the sleeve and prevent any metal
powder from entering the mica sleéve and cause
electrical leakage or a short. The mica filled
space 37 prevents any metal powder from falling

between the mica cylinder 17 and the bore 28a,

and into the ceramic cylinder and into the spark
gap.
The conical shaped sleeve 33 extends upwardly

in’ tapering form to the upper part of the bore

31, and the internal bore of which sleeve hugs
the exterior of the insulating sleeve 7. Be-
tween the exterior of the sleeve 33, and the bore
31, the intervening space is filled with a metal-
lic power such as silver and copper in preferably
equal proportions, tightly compacted by. pressure
to remove all possibility of air spaces between the

particles of the powder and to form a solid of

the metal. The metal inlay also prevents  air

between it and the wall of the bore 3{. The:

sleeve 33 is pressed tightly against the mica sleeve
1T when the copper and silver is compacted.
The sleeve is preferably of copper or copper and
silver alloy. In place of a tapering sleeve, the
sleeve 33 may be of cylindrical shape, as it is
largely a protector for the exterior of the mica
sleeve, which mica cannot resist sufficiently the
high compacting pressures applied to the powder.
- The compacted metal 30 is then capped with a
washer 38 of copper or of copper. and silver
alloy, which has preferably a curved portion,

" which are capped by a washer 39 of brass, which
.has a curved inner contour 48, over which the

.upper -end of the spindle 10 is bent and oui-

10
lulose acetate, and it may be readily dissolved -~
by a suitable and known solvent such as ace- -
tone, and when so dissolved, the spark gap is
At the same -

20

~wardly flared as at 9.

Above the washer 39, is
‘& washer &1 of insulating material, the circular

..opening of which has a corklike top piece 42

of brass, fitting therein. The chamber 83 acts
as a spark gap.for the spark passage from the
bent end 9 to the top piece 42. The interior of
the upper part of the spindle is provided with
a. thinning fle which forms a shoulder, and
which thinning enables the bending and flaring
to be carried out as at 9.

* The action of this sparking is described in
U. 8. Letters Patent No. 2,357,602 of September
5, 1944, issued to Melville F. Peters and Fred 1.
McCarthy. - - .

Within the limitation of electrical conductivity,
the difficult problem is the removal of heat and
the ‘prevention of lezkage of gases. Air being
a bad conductor of heat, must be removed from
the path of heat flow; and the passage of heat

- from the heated electrode cap 22 is the second

45.

criterion. = To carry out these concepts the metal
30 is so compacted as to remove all air pockets,
and the compacting of the metal bowders of silver
and copper in the bore of the member 21, brings
about. reactions. of  compression  between the

5 rather solid, and _therefore pressure resisting -

walls ‘of the member 21, and the exterior of
the thin sleeve 33. This is rather thin and the
bressure is readily transmitted to the mica in-
sulating sleeve and to the exterior of the spindle
18, and through the spindle walls to. the inlay
8 -of compacted silver.. This inlay by the high
bressures applied is also free from air pockets.
As the bore of the spindle I8 is filled to about
the level 18, the pressure applied very slightly
expands the walls of stainless steel spindle, but
not sufficient to interfere with the assembly of

‘parts as described and as shown in Figure 1, or

- sufficient to provide a wavylike exterior to the

b0~

56

spindle, - . ) .

The foregoing actions have been emphasized
to bring out intimate contacts under forces of
pressure, which aid the flow of heat from the
silver inlay 8 to the compacted metal 28 ana
to the member 2{ and shell 44, which latter
dissipate the heat. - The heat flow is subject to

.the heat resistance of the mica sleeve which

is made as thin as possible, yet assuring a proper

. insulation: for the - electric conductivity of the
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spark plug, . ’

Surrounding the mica washers 28 and the parts
Just described is a sleeve 45 of mica, which ex-
tends from the copper washer 36, and the
shoulder 2ia upon which it rests, to the upper:
most end of the shell 44 of the spark plug. A
circular recess 44a in the shell 44 seats an angular
annulus 48, capping the end of the mica sleeve
45. The shell 44 is exteriorly screwthreaded at
47, and has an enlargement of hexagonal shape
at 48, and has an exterior screwthreaded por-
tion 49, which engages interior screwthreads 50
of the member 21. The member 2{ is provided
with an enlargement 51 of hexagonal shape and
has ‘screwthreads 52 to enter the screwthreads
of the motor cylinder.

It is important to:conduct the heat quickly
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from the cap 22 to the locality of the inlay 8.
For this purpose, the bore extends down to as
low a part of the interior of the cap as manufac-
turing conditions permit. The silver inlay has &
guick conductivity of heat and the heat quickly
passes to a position in the inlay cpposite to the
metal compact 30, which being of copper and
gilver has a quick heat transmission factor. The
+hin stainless steel spindle transmits heat quick-
ly in a direction transverse thereto. Iowever,
the spindle does not transmit heat Jongitudinally
as quickly as the inlay does. So, the new func-
tion is the quicker transmission of heat within
the bore of the stem or spindle, than that of the
hollow spindle itself or & spindle. made sclid.
The extension of the inlay above the locality of
the compact 38 is to act to ‘conduct the heat
beyond the locality, from which upper part the
heat is also withdrawn. Furthermore, the co-
relationship of -conductivities of heat and elec-
trical current, facilitates the electric flow to the
upper end of the spindle in prozimity to the
positive lead-in conductor at 42,

The electrical conductivity of silver and cop-
per at 0° C., with silver as & standard is 100%
for silver, and 99.9% for coDDer.
copper have the smallest resistance for a given
volume.
is diminished by an increase in temperature it
is important to dispose of the heat, and this is
availed of by reason of the
srom the spindle at the locality of the part 30.

The heat conductivity of the stainless - steel
spindle is less than that of the silver. The steel
of the lower shell is preferably of carbon steel
of about 1045, which emits heat quickly.

As is known, the electrical pole of one polarity
is connected with the lower shell or member
2{, which by the screwthreads 50 is- connected
with the upper sheil 44, The pole of opposite
polarity is connected with piece 42, which is in
electrical connection through the sparking cham-
ber 43, with the spindle 8, and cap 22. These
polarities must be separated in all events and
electrical leakage prevented, and this is carried
out by the longitudinally extending mica cylinder
{7, which
the parts 21 and 24, gugmented by the mica
cylinder 45 and washers 38. .

Gas leakage is prevented by the actions of forces
in a lateral, or in respect to Figure 1 horizontal
direction, with the tightly compressed portion
of the mica cylinder 17 between compacted metal
30, and the compacted inlay 8.

Heat transfer is obtained from the heated cap 5

22 jmmediately to the silver inlay, to the region
or zone of the compacted meta] 39, and to the
members 21 and 44, through the laterally thin
spindle wall {0, laterally thin mica layer, and
laterally thin sleeve 33. Mica is a poor heat con-
ductor, but an excellent electrical insulator, but
whatever heat is passed is jmmediately conducted

to the metal 30, the silver and copper of which -

provides a quick transfer of heat to the shell.

Spark plugs of the kind shown in Figure 1,
have given a very high rating of 381 (IMEP test).

In the drawings, the silver inlay has been
shown to about the line I6, but the inlay may be
extended to the shoulder 16a, or above, if the
shoulder be raised.

We have described several forms of our inven-
tion, but obviously various changes may be made
in the details disclosed without departing: from

Silver and

As the electrical conductivity of metals-

subtraction of heat:

is intermediate the -spindle 19 and-
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the spirit of the invention as set out in the follow-
ing claims.
We claim:

1. In a spark piug, the combination of an ex-
tarior heat dissipating shell having a central bore -
and o larger diamstered bore concentric thereto,
and having an electrode for one polarity, a spindle
extending through the central bore of the shell
having an electrode for another polarity at one
end, and having a hollow bore extending from the
electrode to its other end, and an insulaior be-
tween the spindle and the central bore, insulating
the opposite polarities, said electrodes being dis-
posed at spark gap distance from each other, said
the shell being filled with compacted
and compressed powder containing silver form-
ing a solid without air spaces and free from air
spaces bétween the solid and the larger bore and
between the solid and the insulator, and a com-
pact of compressed silver powder in the hore of
the spindle, extending from its electrode to be-
the shell bore, whereby a
neat exchange action takes place through both
compacts from the spindle electrode to the shell.

9. The structure of claim 1, and a washer sur-
rounding the insulator, with a curved inner part
above the compacted powder in the shell bore,
and an insulating filling between the curved in-
ner part and the insulator.

3. The structure of claim 1, and a metallic sleeve
interposed between the metal powder compact in
the shell bore and the jnsulator, and 2 filling of
insulating material between the sleeve and the
wall of the bore of the larger shell.

4. In & spark plug having an exterior heat dis-

- sipating steel sheli having coxial bores each with

o vertical wall, one bore having a larger diameter
than the other, said shell having a sparking tip
for one polarity, a spindle extending through the
bore of the shell having at one end a sparking tip
for ancther polarity, and an insulator around the
spindle between it and the wall of the smailer
bore, the diameter of the spindle and its insulator
being substantially equal to the diameter of the
smaller bore for insulating the opposite polarities,
the wall of the larger bore being spaced from the
spindle with its insulator, said sparking tips being
disposed at spark gap distance from each other,
2 conical metal sleeve having ifs base rest on the
bottom wall of the shell forming the larger bore
and having its inner bore diameter substantially
aqual to the outer diameter of the insulator, and
surrounding the insulator, and a metal filling be-
tween  said sleeve and the vertical wall of the
larger bore, the combination of a ¢ylindrical cuter
wall at the lower end of said sleeve, and a ring of
insulating material between said cylindrical outer
wall and the vertical wall of the larger bore, and
resting on the bottom wall of the shell.
) FREDERICK I. McCARTHY.
CHARLES SCHANDLER.
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