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Description

TECHNICAL FIELD

[0001] This invention relates to diesel engines and,
more particularly, to glow sensors which combine func-
tions of both a glow plug and an ion sensor to promote
fuel ignition in an engine combustion chamber during
starting and low temperature running and to sense the
occurrence and character of combustion events.

BACKGROUND OF THE INVENTION

[0002] Itis known in the art relating to diesel engines
to provide an ignition glow plug having a heated glow tip
which extends into the engine combustion chamber or
pre-chamber to promote ignition of fuel, especially dur-
ing starting and low temperature operation. It is also
known in internal combustion engines to provide an ion
sensor in the combustion chamber which senses the
occurrence of combustion events through variations in
current flow across a gap through combustion gases in
the chamber. The combination of a ceramic glow plug
tip combined with an ion sensor for use in a diesel
engine has also been proposed. However, in prior metal
sheath type glow plugs, it is common to support the
metal sheath in a metal shell which is mechanically
mounted in an engine cylinder head. The shell and the
sheath are therefore electrically grounded to the cylin-
der head and the sheath may form the ground conduc-
tor for an electric circuit through a heating coil within the
sheath.

SUMMARY OF THE INVENTION

[0003] The present invention provides unique and
specific embodiments of glow sensors intended for use
in diesel engines and combining the functions of both
glow plugs and ion sensors. In particular, this invention
provides various embodiments of glow sensors, each
having a metal sheath with a glow tip heated by an inter-
nal heating coil to assist in igniting fuel in its function as
a glow plug. The sheath is also charged with a control-
led voltage for use as an ion sensor. Each glow sensor
also includes means for supporting, insulating and elec-
trically connecting the electrical elements within its
shell. For convenience, the term "glow sensor" is used
herein to refer to devices, such as those described
herein, for carrying out functions of both a glow plug and
an ion sensor.

[0004] In general, a device according to the invention
may be defined as a glow sensor for use in a combus-
tion chamber of a diesel engine, the glow sensor includ-
ing a tubular metal shell including mounting means for
mounting the glow sensor in a chamber defining compo-
nent of the engine; a metal sheath carried by the shell
and having one end terminating within the shell and a
glow tip on an opposite end of the sheath and extending
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outward of the shell; high temperature insulation sup-
porting and electrically isolating the sheath within the
shell; a heating element within the glow tip and con-
nected with first and second electrical conductors within
the shell for providing electric current to the heating ele-
ment; the metal sheath comprising an electrical conduc-
tor connectable with a source of electric voltage for
charging the sheath to act as an electrode of an ion sen-
sor; and connecting means for connecting said conduc-
tors to electrical sources exterior to the glow sensor.

[0005] These and other features and advantages of
the invention will be more fully understood from the fol-
lowing description of certain specific embodiments of
the invention taken together with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the drawings:

FIG. 1 is a fragmentary cross-sectional view of an
open chamber diesel engine having direct injection
of fuel into the combustion chamber and a prior art
glow plug with a glow tip extending into the combus-
tion chamber;

FIG. 2 is a fragmentary cross-sectional view of a
pre-chamber type diesel engine having indirect fuel
injection into the pre-chamber and a prior art glow
plug with a glow tip extending into the pre-chamber;
FIG. 3 is a cross-sectional view of a first embodi-
ment of glow sensor formed according to the inven-
tion;

FIG. 4 is a cross-sectional view of a second glow
sensor embodiment;

FIG. 5 is a cross-sectional view of a preferred
embodiment of metal sheath assembly prior to
swaging for use in glow sensors having isolated
coils.

FIG. 6 is a cross-sectional view of a third glow sen-
sor embodiment;

FIG 7 is an enlarged cross-sectional view of a por-
tion of FIG. 6 showing in detail the modified insulat-
ing and sealing assembly of a retainer applied in
the embodiment of FIG. 6;

FIG. 8 is a cross-sectional view of a fourth glow
sensor embodiment;

FIG. 9 is a cross-sectional view showing a fifth glow
sensor embodiment similar to that of FIG. 8 but
having a modified insulating and sealing assembly;
and

FIG. 10 is a cross-sectional view of a sixth glow
sensor embodiment.

DESCRIPTION OF THE PRIOR ART
[0007] Referring first to FIGS. 1 and 2 of the drawings

in detail, there are shown examples of prior art applica-
tions of diesel engine glow plugs to both open chamber
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and pre-chamber type diesel engines. These applica-
tions utilize glow plugs of a common type having a glow
tip formed within a metal sheath. However, the use of
other forms of glow tips in place of the metal sheath type
glow plugs is also known.

[0008] In FIG. 1, numeral 200 generally indicates an
open chamber type diesel engine having a cylinder
block 202 defining a cylinder 204 closed by a cylinder
head 206. A piston 208 is reciprocable in the cylinder
204 and defines a recessed bowl which, together with
the cylinder head, forms a combustion chamber 210.
The cylinder head 206 mounts an injection nozzle or
injector 212 which sprays fuel into the combustion
chamber 210 for compression ignition therein. The cyl-
inder head also mounts a known form of glow plug 214
having a glow tip 216 extending into the combustion
chamber. The glow tip is heated during cold engine
starting and low temperature operation to assist in ignit-
ing fuel sprayed into the combustion chamber during
periods when the temperature of compression may be
insufficient to provide for proper fuel ignition and com-
bustion.

[0009] The illustrated glow plug 214 is of the type hav-
ing a metallic sheath forming the glow tip. A terminal
218 is provided at the outer end of the glow plug for con-
nection with a source of electric current. Return current
flow is from the metal sheath of the glow tip to a metal
shell 219 of the glow plug and to the cylinder head in
which the shell is mounted and which is grounded to the
electrical system.

[0010] Referring to FIG. 2, numeral 220 indicates a
pre-chamber type diesel engine having a cylinder block
222 with a cylinder 224 closed by a cylinder head 226
and carrying a piston 228 reciprocable in the cylinder.
The piston and cylinder head form a combustion cham-
ber 230 which connects with a pre-combustion chamber
or pre-chamber 232 within the cylinder head. A fuel
injector 234 is mounted in the cylinder head for injecting
fuel into the pre-chamber 232. A glow plug 236 of
known form has a glow tip 238 extending into the pre-
chamber to assist in igniting the fuel during starting and
cold operation. A terminal 240 at the other end of the
glow plug provides for connection to a source of electric
current and the glow plug shell 242 is grounded to the
cylinder head for completing the return current flow path
as in the first described embodiment.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0011] The presentinvention provides novel glow sen-
sors which may be installed in the glow plug openings of
diesel engines of the types previously described. These
glow sensors provide both the prior glow plug function
of assisting in the ignition of the fuel during cold starting
and operation and the additional ion sensor function of
sensing the occurrence and character of the combus-
tion event in the combustion chamber or pre-chamber
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through variations in ionization of combustion gases
within the chamber during combustion in accordance
with and for purposes that are known in the art. The
terms "inner end" and "outer end" as used in the subse-
quent description and claims refer to directions in the
glow sensor as installed in an engine wherein the glow
tip forms an inner end extending within a combustion
chamber (including a pre-chamber) and electrical termi-
nals are located at an outer end extending outside the
engine cylinder head.

[0012] Referring now to FIG. 3 of the drawings,
numeral 10 generally indicates a first embodiment of
glow sensor formed in accordance with the invention.
Glow sensor 10 combines the functions of an ignition
glow plug and a combustion chamber ion sensor in a
single device having the general appearance of a glow
plug and able to be installed in an engine in the cylinder
head opening commonly provided for a glow plug. In
particular, glow sensor 10, as shown, has a general
configuration similar to that of the prior art glow plug 236
shown in FIG. 2; however, the internal features of the
glow sensor could equally well be used in glow sensors
configured similarly to prior art glow plug 214 shown in
FIG. 1.

[0013] Glow sensor 10 is constructed with a tubular
metal shell 12 having a hollow interior, into one end of
which is inserted a metal sheath 14 that is carried within
the shell and electrically insulated therefrom by electri-
cal insulation.

[0014] The metal shell 12 may be made of steel and
includes external threads 16 and a hexagonal end 18 for
threading the glow sensor into a conventional glow plug
opening in the cylinder head of diesel engine. A conical
end 20 may be provided for seating the metal shell
against a seat in the engine glow plug opening.

[0015] The metal sheath 14 is formed from a metal
alloy suitable for glow plugs and electrically conductive
as is the metal shell 12. Sheath 14 has a tubular form
with a closed inner end 22 and may contain internally
any form of internal construction suitable for a diesel
engine glow plug sheathed element. In the present
instance, the sheath includes a heating coil 24 con-
nected at one end to the inner end 22 of the sheath and
at an opposite end with a regulating coil 26 for control-
ling current flow to the heating coil. The regulating coil is
in turn connected with a central conductor 28 formed as
a rod or wire electrode that extends out an open outer
end of the metal sheath and through a plug 30 of mate-
rial such as rubber or plastic, sealing an outer end 32 of
the metal shell 12.

[0016] Suitable high temperature insulation 33, such
as magnesium oxide (MgO), is packed within the sheath
14 around the coils 24, 26, and conductor 28. The insu-
lating material is tightly packed by swaging the assem-
bled glow element including the sheath to reduce its
diameter and extend its length to the form illustrated in
the drawing in a manner commonly used for manufac-
turing diesel engine glow plugs. To provide a closed



5 EP 0989 370 A2 6

electrical circuit through the coils 24, 26, the open end
of the conductive sheath 14 is connected with an insu-
lated lead 34 that extends through the plug 30 and con-
nects with an electrical terminal 36 for connection with
an external electric power source. A similar terminal 38
is provided on the outer end of the conductor 28 for con-
nection in the electrical circuit.

[0017] For purposes to be subsequently described,
the sheath 14 is fixed within the hollow interior of the
metal shell 12 by a pair of axially spaced ceramic
sleeves 40, 42 which engage the radially inner surface
of an axial counterbore 44 extending from the outer end
32 of the shell 12. Sleeves 40, 42 have generally oppos-
ing conical surfaces which engage mating surfaces of a
compression bushing 46 that engages the outer surface
of the metal sheath 14. The inner end 48 of the inner
sleeve 42 engages an annular seal or gasket 50 seated
against an internal end of the counterbore 44 while an
outer end 52 of the upper sleeve 40 is engaged by the
upper end 32 of the shell which is hot crimped over
against the outer end 52. The crimped end 32 applies
an axial retaining force against the outer sleeve 40
which acts against the compression bushing 46 and
therethrough on the inner sleeve 42 to compress the
sealing gasket 50 against the end of the counterbore
44. At the same time, the compression bushing 46 is
forced solidly against the sheath 14, thereby creating a
compression gas seal between the compression bush-
ing 46 and the sheath 14 as well as through the gasket
50 between the inner sleeve 42 and the shell 12.
[0018] To prevent or reduce the intrusion of combus-
tion gases, soot and the like into the interior of the glow
sensor shell 12, a ceramic insulating material such as
ceramic cement 54 may be baked into a recess around
the sheath 14 at the inner end of the shell 12.

[0019] In accordance with the invention, the terminal
36 is connected with the positive or hot side of an elec-
trical circuit, not shown, to charge the metal sheath 14
with a vehicle electric system battery voltage, such as 8-
15 volts, so that the sheath acts as the positive elec-
trode in its function as an ion sensor. During combustion
in an associated combustion chamber, ionization of the
combustion gases creates free electrons which conduct
current from the sheath 14 to an adjacent portion of the
combustion chamber, such as the piston or cylinder
head, or to the metal shell 12 of the glow sensor. The
amount of current varies with the combustion activity
and the resulting degree of ionization of combustion
gases. The current flow may be read by suitable equip-
ment so as to indicate the time and character of com-
bustion within the combustion chamber during engine
operation.

[0020] The sheath 14 also acts as a positive terminal
for the heating and regulating coils 24, 26 of the glow tip
which forms the inner end portion of the sheath 14 sur-
rounding the heating coil 24. The central conductor 28
therefore completes the circuit by having its terminal 38
connected to ground in the electrical circuit. In the same
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manner the shell 12 provides a ground connection for
the ion sensor functions of the glow sensor 10.

[0021] Referring now to FIG. 4, there is shown a sec-
ond representative embodiment of a glow sensor
according to the invention and generally indicated by
numeral 60. The glow sensor 60, although appearing
somewhat different, has many aspects of similarity to
glow sensor 10 of FIG. 3 so that like reference numerals
are used for like parts.

[0022] Glow sensor 60 includes a metal shell 62 that
is functionally similar to shell 12 of sensor 10 but is
extended in length to a configuration suitable for instal-
lation in an open chamber engine as shown in FIG. 1,
whereas glow sensor 10 of FIG. 3 is configured for
installation in a pre-chamber engine as shown in FIG. 2
of the drawings. The metal shell 62 also supports a
metal sheath 64. This sheath and its electrical connec-
tions could be of the non-isolated coil type shown in
FIG. 3 but, in the present instance, is of an alternative
isolated coil type, the construction of which is shown in
FIG. 5 and will be subsequently described.

[0023] The metal sheath 64 is supported and electri-
cally isolated within the shell 62 by ceramic sleeves 40,
42, compression bushing 46 and sealing gasket 50 act-
ing within an axial counterbore 44 and sealed by axial
force applied by crimping the outer end 32 of the shell
62, all in the same manner as described with respect to
glow sensor 10 of the first described embodiment. How-
ever, at the inner end 66 of shell 62, a ceramic sleeve 68
is received in a counterbore and retained by crimping
the outer end 66 to support the outer end of the metal
sheath 64 and assist in blocking the entry of combustion
gases into the shell interior. Ceramic powder 70 prefer-
ably fills the annular space around the sheath 64 within
the shell 62 and axially between the annular sleeve 68
and the outer ceramic sleeve 42.

[0024] Referring now to FIG. 5, there is shown the
internal construction of the glow sheath 64 prior to
swaging and installation of the sheath 64 in the glow
sensor 60 of FIG. 4. Internally, glow sheath 64 contains
a center conductor 72 formed as a rod extending from
adjacent the closed inner end 74 of the sheath upwardly
through and out the open upper end of the sheath.
Around the conductor 72 is a tubular sleeve of crusha-
ble high purity MgO insulation 76. Around the outer end
of the insulation 76 is a conductive metal tube 78 which
is spot welded at its inner end to a current regulating coil
80. Coil 80 is in turn welded at its inner end to a heating
coil 82 and the inner end of the heating coil is reduced
in diameter and welded to the inner end of the center
conductor 72. MgO powder fills the inner end of the
sheath 64 surrounding the connection of the center con-
ductor 72 with the coil 82. An outer sleeve 84 of crusha-
ble MgO surrounds the coils 80, 82 and the tube 78,
extending essentially the total length of the sheath 64.
Annular openings at the open outer end of the sheath
64 are closed by rubber seals 86, 88 and the sheath
with coils and insulation assembled therein is subse-
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quently swaged, as previously referred to, causing the
internal insulation to be crushed and packed tightly
within the smaller diameter of the swaged sheath to
hold the electrical conductors therein firmly in place
within the sheath.

[0025] As seen in FIGS. 4 and 6, the swaged sheath
64 then has a terminal 90 applied at the outer end of the
center conductor 72 and insulated leads 92, 94 are con-
nected with the conductive tube 78 and the metal glow
sheath 64, respectively. The leads 92, 94 are provided
with terminals 96, 98 respectively for connection to an
electric power source. The swaged sheath assembly
forms a glow sensor element which is then assembled
into the shell 62.

[0026] In use, the insulation and support of the metal
sheath 64 in the shell 62 is substantially the same as in
the embodiment of FIG. 3 previously described. How-
ever, the electrical circuit feeding the glow heater coils
80, 82 is completely separate from the circuit through
the sheath acting as the ion sensor electrode and
grounded through the engine block and/or cylinder
head. Since the isolated coils are completely separate
from the sheath, their individual leads connect sepa-
rately with a power source and, if desired, the voltage to
the separate circuits may be differently controlled.
[0027] Referring now to FIG. 6, there is shown a third
exemplary embodiment of glow sensor according to the
invention and generally indicated by numeral 100. Glow
sensor 100 is quite similar to that of sensor 60 which
comprises the embodiment of FIG. 4 so that like numer-
als are used for like parts.

[0028] Glow sensor 100 differs from that of sensor 60
primarily in the manner in which the glow sheath 64 is
fixed within and electrically isolated from the metal shell
102 of the glow sensor. At the lower end 66, a ceramic
sleeve 68 is crimped into a counterbore surrounding the
sheath 64 as in the embodiment of FIG. 4. Adjacent the
outer end 32, threads 16 and a hexagonal end 18 are
provided as in the previously described embodiments.
Internally, the outer end 32 of shell 102 is formed with a
double or stepped counterbore 104, in the outer and
smaller diameter portion of which is received a retainer
106, shown enlarged and in further detail in FIG. 7 of
the drawings.

[0029] The retainer 106 includes a tubular ceramic
insulator 108 having a thickened inner portion 110 with
a conical end 112 that engages a soft metal gasket 50
which is compressed against a conical seat 114 at the
inner end of the counterbore 104. The outer portion of
the ceramic insulator 108 has an enlarged inner diame-
ter in which is received a sleeve-like metal ferrule 116
having an axially outer and radially inner edge 118 that
is fixed to the metal sheath 64 by silver brazing or other
suitable means. An axially inner and radially outer edge
120 of the metal ferrule 116 is fixed to the ceramic insu-
lator 108 by silver-copper brazing or other suitable
means. The inner diameter of the ferrule is relieved or
enlarged in its axially inner portion to provide clearance
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for relative expansion of the heated sheath 64 within the
ceramic insulator 108 which may be accommodated by
flexing of the ferrule within the insulator. The brazing
steps in assembly of the metal sheath to the ceramic
insulator are preferably performed in an oven brazing
operation.

[0030] After brazing of the metal sheath and retainer,
conductors 92, 94 and terminals 90, 96, 98 are
attached. The sheath and retainer assembly is then
installed in the metal shell 102 through its upper end.
Thereafter, a tubular metal pusher 122 is installed
engaging the upper end of the ceramic insulator 108. An
outer end of the pusher is loaded with an axial force by
crimping of the end 32 of the shell 102 against the
pusher, thereby forcing the retainer 106 downward
against the soft gasket 50 and compressing it to form a
combustion gas seal between the insulator 108 and the
shell 102. The brazing of the ferrule within the insulator
108 provides a combustion seal along the outer surface
of the metal sheath 64.

[0031] Referring now to FIG. 8, there is shown a fourth
embodiment of glow sensor generally indicated by
numeral 130. Sensor 130 has a metal shell 132 that is
similar to shell 102 of the previously described embodi-
ment except that the internal diameter is essentially
constant and the ends of the shell are not crimped. The
sheath 64 is generally of the type shown in FIGS. 4 and
5, although other types of sheath interior constructions
could be utilized and a sheath with non isolated coils
could be used if desired. In any case, the inner end of
the sheath is mechanically fixed within and electrically
isolated from the outer end of the shell 132 by a retainer
133. The retainer comprises an assembly of a mounting
tube 134 formed of a metal alloy or other suitable mate-
rial and a glass seal 136 fixed within the tube 134 and
directly engaging adjacent portions of the sheath 64.
The glass seal 136 forms a combustion seal between
the mounting tube 134 and sheath at the outer end. The
retainer 133 is installed with a press fit within the outer
end of the metal shell 132 to provide a gas seal between
these two elements. Alternatively, the retainer could be
brazed within the shell to form the gas seal.

[0032] At its outer end, the sheath 64 connects with a
snap on circular connector which is attached to the insu-
lated lead 94 leading to terminal 98 for connection with
a power source for the ion sensor function. The center
conductor 72 leading to the heater coil, connects at its
outer end with terminal 90 as in the embodiment of FIG.
4. However, the conductive tube 78, connecting with the
other side of the internal heater coils in the glow tip, con-
nects at its upper end with insulated lead 92 which is in
turn welded to the interior of the metal shell 132
inwardly of the rubber plug 30. Thus, lead 92 forms a
ground connection with the shell internally of the glow
sensor. Instead of the MgO powder insulation within the
major portion of the sheath, the upper end of the sheath
may have a glass seal of glass frit insulating and retain-
ing the conductors within the sheath separate from the
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sheath and one another.

[0033] Referring now to FIG. 9 there is shown a mod-
ified fifth embodiment of glow sensor generally indi-
cated by numeral 140. Sensor 140 includes an inner
retainer 133 comprising a shorter version of a mounting
tube 134 having internally a glass ceramic seal 136.
The tube 134 again has its lower portion pressed with
an interference fit into the metal shell 144. However, this
retainer is spaced axially outward from the inner end of
the shell 144 to move the seal further away from the
heat generated by the glow tip of the associated sheath
64. A sleeve 146 of ceramic insulation is inserted into
the inner end of the metal shell 144 adjacent the
retainer 133 to support and insulate the inner end of the
sheath. A shorter insulating sleeve 148 is positioned
immediately inward of sleeve 146 and has a conical sur-
face engaging a combustion seal gasket 50 which
engages a crimped inner end 150 of the metal shell to
compress the gasket and retain the components in posi-
tion while at the same time forming an outer diameter
combustion seal.

[0034] Referring now to FIG. 10, there is shown a sixth
embodiment of glow sensor according to the invention
and generally indicated by numeral 154. Sensor 154 is
similar in general construction to the sensors previously
described, differing primarily in the form of insulation
and support provided for the sheath 64 within the metal
shell 156. In this case, the insulation involves ceramic
sleeve elements alternately spaced with packed talc or
ceramic powder packed between the sheath 64 and the
shell 156.

[0035] In particular, the insulating means of sensor
154 includes an inner end ceramic sleeve 158 having a
stepped outer diameter with a conical surface that
engages a soft metallic sealing gasket 50 which acts as
an outer diameter combustion gas seal. Outward of
sleeve 158, is a packed annular mass of ceramic pow-
der 160. This powder pack is engaged by a ceramic
spacer 162 which in turn engages another annular
mass of packed ceramic powder 164. A second ceramic
spacer 166 is mounted outward of powder pack 164 but
inward of the outer end of the metal shell 156. A rubber
seal 168 is pressed against the outer end of the spacer
166 by a tubular metal pusher 170 that is held in place
within the shell by crimping its outer end 32 as in some
of the previously described embodiments.

[0036] Although the various alternative arrangements
disclosed for mounting, supporting and insulating the
internal metal sheath from the external metal shell have
been illustrated primarily with shells designed for instal-
lation in open chamber type engines and with sheaths
provided with isolated heating coils, it should be under-
stood that the various insulating arrangements could
equally be utilized in other forms of glow sensors such
as those intended for use in pre-chamber type engines
or other applications requiring different configurations of
shell bodies. Also, the various insulating arrangements
could be applied equally well to sheaths with non-iso-
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lated heating coils as well as isolated coils. As used in
the claims, the term "combustion chamber" is intended
to include a pre-chamber or precombustion chamber
within its scope.

[0037] While the invention has been described by ref-
erence to certain preferred embodiments, it should be
understood that numerous changes could be made
within the spirit and scope of the inventive concepts
described. Accordingly it is intended that the invention
not be limited to the disclosed embodiments, but that it
have the full scope permitted by the language of the fol-
lowing claims.

Claims

1. A glow sensor (10, 60, 100, 130, 140, 154) for use
in a combustion chamber of a diesel engine, said
glow sensor (10, 60, 100, 130, 140, 154) compris-

ing:

a tubular metal shell (12, 62) including mount-
ing means for mounting the glow sensor (10,
60, 100, 130, 140, 154) in a chamber defining
component of an engine;

a metal sheath (14, 64) carried by the shell (12,
62) and having an outer end terminating within
the shell and an inner end (22) forming a glow
tip extending inwardly beyond the shell (12, 62)
for extension into an associated combustion
chamber;

insulation (33) supporting and electrically iso-
lating the sheath (14, 64) within the shell (12,
62);

a heating element (24) within the glow tip (22)
and connected with first and second electrical
conductors within the shell (12, 62) for provid-
ing electric current to the heating element;
said metal sheath (14, 64) comprising an elec-
trical conductor connectable with a source of
electric voltage for charging the sheath (14, 64)
to act as an electrode of an ion sensor; and
connecting means for connecting said conduc-
tors to electrical sources exterior to the glow
Sensor.

2. A glow sensor (10, 60, 100, 130, 140, 154) as in
claim 1 wherein said connecting means include
insulated leads (34) extending from said first and
second electrical conductors through a sealed
opening in the shell to external terminals (36, 38)
connectable to an electric power source.

3. A glow sensor (10, 60, 100, 130, 140, 154) as in
claim 1 wherein said heating element (24) has one
end connected with the sheath (14, 64) at its glow
tip end (22) and another end connected with said
second conductor (28), the sheath (14, 64) acting
as said first conductor of electric current to the
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heating element (24) as well as said electrode of
the ion sensor.

A glow sensor (60) as in claim 3 wherein said insu-
lation (33) includes a pair of ceramic sleeves (40,
42) received in an axial counterbore (44) in an end
(32) of said shell (12) farthest from said glow tip
(22), said ceramic sleeves (40, 42) engaging a
metallic compression bushing (46) compressed
against the sheath (14) by an axial retaining force
applied to the sleeves (40, 42) in the shell (12).

A glow sensor (60) as in claim 4 wherein said axial
retaining force is applied to the sleeves (40, 42) by
crimping a portion (32) of the shell (62) against an
outer end (52) of one of the sleeves (40), forcing an
inner end (48) of the other sleeve (42) against a
sealing gasket (50) seated against an annular end
of the axial counterbore (44) in the shell (12), the
compression bushing (46) and the sealing gasket
(50) providing mechanical seals for preventing the
escape of combustion gas through the shell.

A glow sensor (130) as in claim 3 wherein said insu-
lation (33) includes a metal sleeve (134) surround-
ing a glass seal (136) material held against the
sheath (64), said metal sleeve (134) engaging an
interior surface of the shell (132).

A glow sensor (130) as in claim 6 wherein said
metal sleeve (134) is brazed to said shell (132) to
provide a combustion gas seal.

A glow sensor (130) as in claim 6 wherein said
metal sleeve (134) has an interference fit within
said shell (132) to provide a combustion gas seal.

A glow sensor (140) as in claim 6 and further
including a ceramic sleeve (146) surrounding the
sheath (64) and disposed axially between the metal
sleeve (134) and glass seal material (136) and an
inner end (150) of the shell (144) closest to the glow
tip (22).

A glow sensor (140) as in claim 9 and further
including a ceramic ring (148) surrounding the
sheath (64) and disposed axially between the
ceramic sleeve (146) and said inner end (150) of
the shell (144), and an annular combustion gasket
(50) compressed between said inner end (150) of
the shell (144) and an annular surface of said
ceramic ring (148) to form a combustion seal.

A glow sensor (154) as in claim 3 wherein a
ceramic powder (70) pack retained between tubular
insulators (68, 42) surrounding said sheath (64)
provides a combustion gas seal.
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A glow sensor (60) as in claim 1 wherein said heat-
ing element (24) has opposite ends connected with
said first and second conductors, the sheath (64)
acting as a third conductor.

A glow sensor (40, 42, 60) as in claim 12 wherein
said insulation (33) includes a pair of ceramic
sleeves (40, 42) received in an axial counterbore
(44) in an end of said shell (62) farthest from said
glow tip (22), said ceramic sleeves engaging a
metallic compression bushing (46) compressed
against the sheath (64) by an axial retaining force
applied to the sleeves (40, 42) in the shell.

A glow sensor (60) as in claim 13 wherein said axial
retaining force is applied to the sleeves (40, 42) by
crimping a portion (32) of the shell (62) against an
outer end (52) of one of the sleeves (40), thereby
forcing an inner end (48) of the other sleeve (42)
against a sealing gasket (50) seated against an
annular end of the axial counterbore (44) in the
shell (62), the compression bushing (46) and the
sealing gasket (50) providing mechanical seals for
preventing the escape of combustion gas through
the shell (62).

A glow sensor (130) as in claim 12 wherein said
insulation (33) includes a high sleeve (134) sur-
rounding a glass seal (136) material held against
the sheath (64), said metal sleeve (134) engaging
an interior surface of the shell (132).

A glow sensor (130) as in claim 15 wherein said
metal sleeve (134) is brazed to said shell (132) to
provide a combustion gas seal.

A glow sensor (130) as in claim 15 wherein said
metal sleeve (134) has an interference fit within
said shell (132) to provide a combustion gas seal.

A glow sensor (140) as in claim 15 and further
including a ceramic sleeve (146) surrounding the
sheath (64) and disposed axially between the metal
sleeve (134) and glass seal material (136) and an
inner end (150) of the shell (144) closest to the glow
tip (22).

A glow sensor (140) as in claim 18 and further
including a ceramic ring (148) surrounding the
sheath (64) and disposed axially between the
ceramic sleeve (146) and said inner end (150) of
the shell (144), and an annular combustion gasket
(50) compressed between said inner end (150) of
the shell (144) and an annular surface of said
ceramic ring (148) to form a combustion seal.

A glow sensor (154) as in claim 12 wherein a
ceramic powder (70) pack retained between tubular
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insulators (68, 42) surrounding said sheath (64)
provides a combustion gas seal.

A glow sensor (100) as in claim 12 wherein said
insulation (33) includes a metal sleeve (116) brazed
at one end to said sheath (64) and at an opposite
end to a ceramic insulator (108) surrounding the
sleeve (116), said ceramic insulator (108) having an
end (112) pressing a combustion gasket (50)
against an annular seat (114) within said shell
(102), said brazed metal sleeve (116) and said
combustion gasket forming combustion gas seals.

A glow sensor (60) as in claim 12 wherein said con-
necting means include insulated leads (92, 94)
extending from said first, second and third electrical
conductors through a sealed opening in the shell
(62) to external terminals (96, 98) connectable to an
electric power source.
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