2,939,983

E. W. PIERCE ETAL

June 7, 1960

IGNITER PLUG
Filed Dec. 20, 1957

L L

& Foctice
AT 7TORNMNE,

N >
SN NN AN NN
td

~ NN o
NN N NN\

7 7 NN
s NN
W% 0% N AR

INVENTORS
Eoef 217 Dizee

SCECRESSEARSN

)Lﬁu

8 >
\ m
\vA L PN
X | I T
2 AY
2,00, \\\\\\\\\\\\\\ ’ \:v\/.
‘s 7 7

%%
jZJ

ﬁ/

WA’W ﬂj; /\ z\z >

N N2

’
s

\\\\\\\\\ 4
1
ZIAI_L.H
;




United States Patent Of

2,939,983
Patented June 7, 1960

1CC

2,939,983
IGNITER PLUG

Earl W. Pierce and Harley E. Fortier, Flint, Mich., as-
signors to General Motors Corporation, Detroit, Mich,,
a corporation of Delaware

Filed Dec. 20, 1957, Ser. No. 704,167
19 Claims. (Cl. 313—131)

This invention relates to an igniter plug for use in
internal combustion engines, particularly of the gas tur-
bine type. It has as one of its objects the provision
of an improved. igniter plug which is adapted to project
an intense, large spark such as is essential or at least
highly desirable to assure initiation of combustion in
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gas turbine engines. Anocther object of the invention

is to previde an igniter plug of the low temsion type
which is adapted to project an intense, large spark and
which has a long useful life. Another object is the pro-
visicn of an improved igniter plug of the type described
having improved means for sealing the centerwire within
the insulator assembly.

These and other objects and advantages of the inven-
ticn will appear more clearly from the following descrip-
tion of a preferred embodiment and from the drawings
in which;

Figure 1 is a side view in partial section of the pre-
ferred embodiment of the invention;

Figure 2 is a bottom view of the igniter plug shown ia
Figure 1;

Figure 3 is an enlarged view in section of the center-
wire seal portion of the igniter plig shown in Figure 1;
and

Figure 4 is an enlarged view in section of the firing
end of the igniter plug shown in Figure 1.

Referring now to the drawings, the igaiter plug in-
cludes a metal shell § which is constructéd in three séc-
tions suitably joined together as by the brazed joint
shown at 8 and by the threaded joint shown at 1¢. Co-
operating flanges as shown &t 11 assure that the léwer
section of the shell will not become disassembled in the
event the brazed joint should fail. A suitable mounting
pad 12 is brazed to the shell so that the igniter plug
can be secured to the combustion chamber wall 6f a gas
turbine engine. The lower end of the tubular metal shell
6 is formed with a thickened portion 14 to provide a
reduced internal diameter and teérminates with an in-
wardly extending annular flange 16 which serves as the
ground elecircde for the igniter. ]

Secured within the lower end of the shell is a lower,
generally tubular-shaped alumina-base ceramic insulator
13 having a lower end of enlarged internal diameter to
form a recess 18, and also of enlarged external diam-
eter to fit snugly within thé lower porticn 14 of the
shell. This insulator is secured within the shell by means
of a metal nut 26 which threadedly engages the shell,
the insulator thereby being pressed between said nut
and the flange 16 at the lower end of the shell which
serves as the ground electrode of the igniter. An upper
through-bored alumina-base insulator 22 is secured
within the upper end of the shell by medns of conven-
ticnal shoulder 24, this upper insulator having a lower
end portion 2§ fitting concentrically into upper enlarged
end: 28 of the lower insulator.

Extending through the aligned bores of insulators 18
‘and 22 is a metal centerwire 3¢ having an upper end 32
which extends above the insulators and serves as the
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connecting terminal for the igniter. The centerwire is
hermetically sealed to thé upper insulator by means of
a metal sleeve 34, the upper end of which fits snugly
around and is brazed to the center wire as shown at 36
and the lower end of which has an enlarged internal diam-
eter such that it is of reduced wall thickness and thereby
spaced from the centerwire. The bottom of the sleeve
34 i$ positioned in a counterbore 38 in the upper insu-
lator and a sealed joint between the sleeve and the insu-
lator i8 formed by a mass of fused glass 39 having
sibstantially the same coefficient of expansion as that
of the sleeve. Where the sleeve is made of Kovar (typi-
cdl analysis: iron 54%, nickel 28%, cobalt 18%) the
glass 39 may consist of 2% B3O, and 98% alkali boro-
silicate glass (typical amalysis: SiOj 64 8%, AlO,
10.2%, ByOs 16.5%, Naz0O 3.4%, X,0 3%, MgC .3%,
Cal 3%) The important advantaoe of thls seal struc-
ture is its high resistance to cracking or other failure
from rapid temperature changes.

The centerwire- 38 is formhed with a cylindrical head
portion 49 adjacent its lower end which is positioned
within resess 19 formed at the end of insulator 18. The
centerwireé terminates with a projection 42 extending
below head portieni 48, this projection fitting snugly into
and extending partially through a flat-sided ring 44 of
insulator or semi-conductor material. The centerwire
prejection 42 serves as the center electrode of the igniter,
its base surface being spaced from and cooperating
with flange 16 of the shell to form the spark gap. The
1ing 44 may be made of any suitable material which
will electrically insulate the centerwire from the ground
electrode: Preferably it should be a semi:conductor
such, for example, as silicon carbide, or of an insulator
material provided with a semi-conductive coating such
as copper oxide. Various other semi-conductive mate-
rials for low tension spark plugs are well known in the
art. If desired, an insulator ring may be used in place
of a semi-conductor ring but not to the same advantage
since with a semi-conductor high energy low voltage
cperation can be used to produce an especially hot spark.

Between head portion 40 and projection 42, the center-
wiré is formed with an annular shoulder 46 having a
diameter intermediate those of the head and projection
portions. A nickel or other heat and corrosion resistant
metal washer 48 having a diameter about the same as
that of shoulder 46 is brazed to the shoulder and is
pressed tightly between the shoulder and semi-conductor
ring 44 as shown. Anocther washer 50 of the sameé or
similar miaterial but of larger size is brazed to the inner
surface of ﬂa‘nge 16, thereby forming part of the ground
electrode, and is pressed tightly between the flange and
the base surfaces of insulator 18 and semi-conductor rmg
44. Shoulder 46 serves the important function of in-
ereasing the distance from the centerwire to the shell by
the roufe between ring 44 and insulator 28, and thus
insures against internal flash-over which might otherwise
occur. The heat and corrosion resistant washers 48 and
56 fonction t6 prevent the formation of an oxide film
between the sémi-conductor ring 44 and the metal sur-
faces the ring would ctherwise contact. THus, intimate
electrical contact between the serni:corductor ring and
each of the electrodes is assured thronghout the life of
the plug.

Anm_lar flahge 16 has an inner surface the upper pcr-
tion of which, adjacent ring 44, is of cylindrical shaps
as shown at 52 and the lower end of which tapers out-
wardly as shown. Cylindrical surface 52 is of the same
diameter and is aligned with the inner siirfacé of washer
50 and ring 44. Thus, the combination of these suf-
faces forms a cylinder or “barrel” from which the elec-
trical discharge projects when the igniter is dctuated.

To provide adequate cooling, the inner wall of thick-



3

ened portion 14 of the shell is formed with a series of

six circumferentially arranged axially-extending indenta-
tions which cooperate with the lower end of insulator
18 to form air passages 56 to the exterior of the igniter.
An inlet air passage 58 allows cooling air-to_ enter the
annular space between shell 6 and lower insulator 18
from. whence it exits through the passages 56 thereby
cooling the entire lower end of the igniter. -

* To manufacture the spark plug, the two lowermost shell
- portions and pad 12-are joined together as by the braze
and. mechanical joints 8 and 11, respectively, and gasket
50 brazed to the inner surface of the ground electrode
flange 16. Center electrode 30, with the gasket 48 brazed
to shoulder 46, is then inserted into insulator 18 -along
with the semi-conductor ring 44, and this entire assembly
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" ‘ground eléctrode at one end thereof, an elongated ceramic

10

16

is then positioned in the shell, as shown,-and nut. 20

threaded tightly into place. By threading the nut 20
tightly into the shell, pressure is exerted by insulator 18
against the upper tapered surface of the head portion 40
‘of the centerwire and also against gasket 50 thercby
creating a good electrical contact.” As .a separate opera-
“tion, Kovar sleeve 34 is positioned with its lower por-
tion is counterbore 38 of the upper insulator, the glass

20

_mixture in powdered form is poured between the sleeve -

and the insulator, and the assembly is. then heated to
. cause the glass to fuse and to form -a bond -between
the sleeve and the insulator. - After the heating opera-
tion the bore in the thick upper portion of the sleeve is
reamed to remove any oxide film which is formed. Then
this upper insulator-Kovar sleeve assembly is inserted into
the shell such that centerwire 30 passes through the Kovar
sleeve, as shown, after which the upper- portion of the
shell is threadedly engaged with the lower portions, as
shown at 10, and the flange, at the upper end of the
threaded joint 10, turned inwardly and -shrink welded
(Cico welded). The centerwire is then brazed to the
Kovar sleeve by placing a ring of brazing material around
the centerwire; on the top of sleeve 34, and heating to

fuse ‘the brazing material and thereby bond the parts- )

. together to thereby complete the assembly.

1t is desirable that the centerwire 30 .and the metal
shell be made of the same metal, or at least of metals
having substantially the same coefficients of expansion.
By this means, pressure is maintained on head portion 40
of the electrode, and in turn on semi-conductor ring 44,
throughout the operating temperature range of the igniter,
the longitudinal expansion of the shell and of the center-
wire being virtually the same because of their similar
coefficients of expansion.
contact between ring 44 and electrodes 16 and 30, respec-
tively, throughout the operating temperature range.. A

preferred metal for the centerwire and for the shell is -

Inconel (typical analysis: iron 5%, nickel 80%, chro-
mium 15%). - ]

1t is to be understood that while the invention has been
described with reference to a particular embodiment
thereof, various changes and modifications may be used,
all within the full and intended scope of the claims which
follow. - . ’ :

We claim: . )

1. An igniter plug comprising a generally tubular
shaped metal shell having an inwardly extending annular
ground electrode at one end thereof, an elongated ceramic
insulator secured within said shell having .a recess at
‘the end thereof adjacent said ground electrode; a.ring
" -in said recess abutting said ground electrode, the bote of

'said ring being aligned with the bore of said ground elec- -

_trode, and a center electrode in said recess extending par-
tially through said ring into spaced relationship with said
ground -electrode, . said ring being of a material which
-electrically -insulates said center eléctrode from said
ground electrode. ’ . .

2. An igniter plug comprising a generally tubular
shaped metal shell having an inwardly extending annular

This assures good electrical |
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_insulator secured within said shell having a bore extend-

ing therethrough with an enlarged portion forming a
cylindrical recess at the end thereof adjacent said ground
electrode, a center electrode in said insulator bore having
a cylindrical head portion positioned in said recess, a ring
in said recess pressed between said head portion and said
ground electrode, the bore of said ring being aligned
with the bore of said ground electrode, and a cylindrical
extension on said head portion extending only partially
through said ring into spaced -relationship with said
ground electrode, said ring being of a material which elec-
trically insulates said center electrodé from said ground
electrode. B . )

3. A spark plug as set forth in claim 2 and wherein
the shell and center electrode are of the same metal.

4. An igniter plug comprising a generally tubular
shaped metal shell having an inwardly extending annular
ground electrode at one end thereof; an elongated ceramic
insulator secured within said shell having a bore extend-
ing therethrough with an enlarged portion forming a cylin-
drical recess. at the end thereof adjacent said ground
electrode, ‘a center electrode in said insulator bore hav-
ing a cylindrical head portion positioned in said recess,
an annular shonlder formed on said head portion hav-
ing a diameter smalle than said head portion, a semi-
‘conductor ring in said recess pressed between said shoul-
der and said ground electrode, the bore of said ring being

" of substantially the same diameter and aligned with the

bore of said ground electrode, and a cylindrical extension
on said head portion extending only partially through said
ring into spaced relationship with said ground electrode.

5. An igniter plug comprising a generally tubular
shaped metal shell having-an inwardly.extending: an-

nular ground electrode at one end thereof, an elongated

ceramic insulator secured within said shell having a bore
extending therethrough with an enlarged portion form-
ing a cylindrical recess at the end thereof adjacent said
ground electrode, a center electrode in said insulator
bore having a cylindrical head portion positioned in
said recess, an annular shoulder formed on said head
portion having a diameter smaller than said head portion,
a ring in said recess pressed between said shoulder and
said ground electrode, the bore of said ring being of sub-
stantially the same diameter and aligned with the bore
of said ground electrode, and a cylindrical extension on
said head portion extending only partially through said
ring into spaced relationship with said ground electrode,
said ring being of a material which electrically insulates
said ‘center electrode from said ground electrode.

6. An igniter plug comprising -a generally tubular
shaped metal shell having an inwardly extending annular
ground electrode at one end ‘thereof, a nickel -gasket
brazed to the inner surface of said ground elecirode, an
elongated ceramic insulator secured. within said shell
having a bore extending therethrough with an enlarged

.portion forming a cylindrical recess at the end thereof

adjacent said ground electrode, a center electrode in said
insulator bore having a-cylindrical head portion posi-
tioned in said recess, an annular shoulder formed on said
head portion having a diameter smealler than said head

" portion, a nickel gasket brazed to said shoulder, a

semi-conductor ring in said recess pressed between. the
gasket on -said shoulder and the gasket on said. ground
electrode, the bore of said ring-being of substantially
the same' diameter and aligned with the bore of said
ground electrode, and a cylindrical extension on said
head portion extending only partially through said ring
into spaced relationship -with said ground electrode.
7. An' igniter- plug comprising a - generally tubular
shaped metal shell, a ceramic insulator secured within
said shell having a bore extending therethrough, a center
electrode extending through said insulator bore, a thin-
walled metal tube having a diameter greater than that of

said center electrode positioned concentrically around and
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having an upper end bonded to said center electrode,
and a glass seal between and bonded to said tube and
said insulator, said glass seal and said tube having
approximately the same coefficients of expansion.

8. An igniter plug comprising a generally tubular
shaped metal shell, a ceramic insulator secured within
said shell having a bore extending therethrough, an upper
portion of said bore being of large diameter, a middle
portion of said bore being of intermediate diameter and
a lower portion of said bore being of small diameter, a
center electrode extending through said insulator bore,
a thin-walled metal tube having a diameter greater than
that of said center electrode positioned concentrically
arcund and having an upper end bonded to said center
electrode, the lower end of said tube being of about the
same diameter and positioned in the middie porticn of
said bore, and a glass seal in the upper portion of said
bore bonded to said tube and said insulator, said glass
seal and said tube having approximately the same co-
efiicients of expansion.

9. An igniter plug comprising a generally tubular
shaped metal shell having an inwardly extending annular
ground electrode at one end thereof, aligned upper and
lower elongated ceramic imsulators secured within said
shell each having a bore extending therethrough, the
bore of lower insulator having an enlarged portion form-
ing a cylindrical recess at the end thereof adjacent said
ground electrode, a center electrode extending through
said insulator bores having a cylindrical head portion
positioned in said recess, a ring in said recess between
said head portion and said ground electrode, the bore
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of said ring being of substantially the same diameter and
aligned with the bore 'of said ground electrode, a cylin-
drical extension on said head portion extending only par-
tially through said ring into spaced relationship with
said ground electrode, said ring being of a material
which electrically insulates said center electrode from
said ground electrode, a thin-walled metal tube having a
diameter greater than that of said center electrode posi-
tioned concentrically around and having an upper end
brazed to the portion of said center electrode within said
upper insulator, and a glass seal between and bonded
to said tube and said upper insulator, said glass seal and
said tube having approximately the same coefficients of
expansion,

10. An igniter plug comprising a generally tubular
shaped metal shell having an inwardly extending annular
ground electrode at one end thereof, an elongated
ceramic insulator secured within said shell having a
centerbore therethrough, a ring of semi-conductor mate-
rial positioned at the end of said insulator and abutting
said ground electrode, the bore of said ring being aligned
with the centerbore of said insulator and with the bore
of said ground electrode, and a center electrode in said
insulator centerbore extending partially through said ring
into spaced relationship with said ground electrode.
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