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@ Glow plug.

&) Electrically operated glow plug for facilitating
start-up of diesel and other compression engines is
of the sheathed element self-limiting type and incor-
porates resistance and heating elements (28,30)
which are preferably portions of a common length of
wire (26), the wire or other filament means constitut-
ing said elements being graduated in cross-sectional
area along its length, the area at the effective proxi-
mal end being substantially greater than the area the
effective distal end where the heating element is
attached to the distal tip (22) of the sheath (20).
Conveniently the wire length (26) is uniformly ta-
pered along its length and it is also preferred that
the coils constituting the heating element are more
closely pitched and/or have a greater diameter than
those constituting the resistance element.
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GLOW PLUG

This invention relates to electrically operated
glow plugs as used in vehicle diesel and other
compression ignition engines to facilitate speedy
engine start-up.

More specifically the invention relates to glow
plugs of the kind including a housing adapted to
mount the piug in the wall of a cylinder or other
combustion chamber of the engine in use, a tubular
sheath carried by the housing {o project into the
combustion chamber in use, the distal extremity or
tip of the sheath containing a totally enclosed heat-
ing element whereby the tip of the sheath speedily
attains a high temperature when electric current is
applied thereto by way of an electrode carried in
the housing, and a resistance element also totally
enclosed in the sheath electrically interconnecting
the heating element with the electrode and formed
of a material having a high positive temperature
coefficient of resistance. This kind of glow plug is
hereinafter referred to as "a sheathed element self-
limiting glow plug”.

The object of the invention is to provide a glow
plug of said kind which is durable and reliable in
use, which gives a quick response without risk of
damage due to overheating, and which is economi-
cal to manufacture and efficient and cost-effective
in use.

According to the invention a sheathed element
self-limiting glow plug is characterised in that the
heating and resistance elements are constituted by
respective distal and proximal portions of filament
means, said means being formed from coiled wire
which is graduated in cross-sectional area along its
length, said area at the effective proximal end of
the filament means being substantially greater than
said area at the effective distal end of said means
i.e at the extremity of the sheath tip.

Preferably said area at said proximal end is at
least 15% greater than said area at said distal end.

The filament means may comprise intercon-
nected wire coil heating and resistance sections
formed of dissimilar materials, e.g. wire having
different coefficients of resistance, as by providing
two wire coils joined end to end but it is preferred
that a single length of wire of uniform composition
is used to form a unitary filament means i.e. the
heating and resistance slements are parts of a
single wire.

Conveniently the single wire or other filament
means is uniformly tapered along its length be-
tween the effective proximal and distal ends but it
is also contemplated that the filament means may
be non-uniformly tapered and/or otherwise uniform-
ly or non-uniformly graduated in cross-sectional
area between said ends including, possibly, some
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increase in cross-sectional area in one or more
intermediate regions as well as reduction thereof
along it length in the direction of the effective distal
end.

The difference in cross-sectional area of said
ends may be substantially greater than 15%, for
example a difference of some 37% may be em-
ployed though this figure is not to be taken as
implying any upper limit.

It is also preferred that coils of the filament
means are non-uniform along its length, for exam-
ple those coils constituting or forming part of the
heating element may have a substantially closer
pitch than those constituting or forming part of the
resistance element and/or may differ in diameter
therefrom e.g. be of somewhat greater diameter
than said coils of the resistance element.

Preferably the sheath contains a magnesium
oxide filler powder having a high coefficient of
thermal conductivity.

The invention further resides in a sheathed
element self-limiting glow plug characterised in that
its heating and resistance elements are parts of a
single common length of wire of uniform composi-
tion having positive coefficient of electrical resistiv-
ity related to temperature wherein the cross-sec-
tional area of the wire in the part constituting the
heating element is substantially less than the
cross-sectional area in the part constituting the
resistance element.

Preferably a plug as defined in the last preced-
ing paragraph is further characterised in that the
heating and resistance elements are coiled portions
of said wire, the coils constituting the resistance
element differing from those constituting the heat-
ing element e.g. being more widely pitched and/or
of lesser diameter than the coils of lesser cross-
sectional area wire constituting the heating ele-
ment.

An example of the invention is more particu-
larly described with reference to the accompanying
drawings wherein

Figure 1 is a longitudinal section of a
sheathed element self-limiting glow plug embody-
ing the invention; and

Figure 2 is a longitudinal sectional view of
filament means of said plug at one stage of its
manufacture.

Referring firstly to Figure 1 the body and
sheath of the plug are of generally conventional
construction comprising a housing 10 threaded at.
12 for mounting in the engine and having a hexa-
gon head 14 at its outer end. An insulated elec-
trode 16 provided with a connecting terminal 18 at
its outer end is sealed into and extends through
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housing 10 in known mannsr.

A hollow cylindrical metal sheath 20 projects
from the inner end of housing 10. It has a closed
distal tip 22 and its proximal end part 24 is sealed
within a bore of the inner end of housing 10 in
known manner. Sheath 20 is conveniently formed
from the metal alloy known by the Trade Mark or
trade name "Inconel” e.g. "Inconel 601".

Filament means, in this example a single uni-
tary coiled wire 28 is connected within sheath 20
between the inner end of electrode 16 and the
interior of sheath 20 at the exiremity of the tip 22
e.g. by welding. The wire 26 is of uniform composi-
tion throughout its length, being formed of a ma-
terial having a positive coefficient of electrical re-
sistivity related to temperature. Various metals or
metal alloys could be used; nickel or an nickel
alloy is preferred e.g. an alloy of nickel and chro-
mium and/or aluminium and/or iron. Several com-
mercially available resistance wires of such com-
position could be employed, another possibility is
an iron and cobalt alloy.

Wire 26 is, in this example, uniformly tapered
along its length so that its cross-sectional area
reduces at a constant rate from its effective proxi-
mal end P where it connects to electrode 16 to its
effective distal end D where it is welded fo the
sheath tip.

In this example the cross-sectional area at P is
some 37% greater than that at D but the said
difference in cross-sectional area may be lesser or
greater for some applications down to at least 15%
depending on the desired physical dimension of
the glow plug and its required performance.

The wire 26 is formed and operates to provide
a resistance element or portion 28 which occupies
an intermediate zone of sheath 20 between elec-
trode 16 (end P) and a distal or tip zone of the
sheath; and a heater element or portion 30 in the
latter zone and extending to the connection with
the sheath tip at D.

It is to be understood that the boundary be-
tween portions 28 and 30 of the filament means
between said sheath zones is not necessarity clear-
ly defined and that the function and operation of
said portions may merge into each other over a
bridging region at an intermediate position along
the filament means particularly, as in the present
case, where said filament means is of unitary sin-
gle wire construction.

" As well as being graduated in cross-sectional
area along its length the wire 26 is, in this example,
coiled non-uniformly in forming the resistance and
heating portions 28, 30. The coiled formation is

best seen in Figure 2 which gives the dimensioning -

etc. of this particular example at one stage of its
formation.
As seen from Figure 2 the coils constituting the
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heating portion 30 are closely pitched so that they
are adjacent to each other while the coils constitut-
ing the resistance portion 28 are at wider pitching
so that they are spaced apart. Portion 30 com-
prises some 10 turns of wire while the effective
length of portion 28 comprises some 14 turns and,
due to the pitching, is about double the axial length
of portion 30.

At the stage of formation shown in Figure 2 the
coils constituting the major lengths of portions 28
and 30 are of uniform diameter. The exireme end
coils taper in diameter to the effective ends D and
P of the wire so that they are accommodated
respectively in the domed tip end of sheath 20 and
are compatible with the diameter of the electrode
16 at the proximal end P. An extra length of wire
beyond end P is formed into a few close pitched
reduced diameter coils 32 which are engaged ar-
ound in the inner end of electrode 16 and welded
thereto to form a secure connection.

After shaping as shown in Figure 2 the coiled
wire 26 is subjected to a further forming process so
that, when finally positioned within sheath 20
(Figure 1) the coils constituting the resistance por-
tion 28 are somewhat reduced in diameter with
respect to the coils constituting the major part of
the heating portion 30.

A silicon sealing etement 34 is positioned at
the proximai end of sheath 20 within housing 10 in
surrounding relationship to electrode -16 and the
sheath is packed with magnesium oxide filler 36,
this filler material having a high coefficient of ther-
mal conductivity.

The outer end of housing 10 is closed by an
insulated bush 38 which locates the outer end of
the elecirode 186.

The example of the filament means illustrated
in Figure 2 is formed from a 380mm length of wire
the effective length P-D being some 345mm and
the uniform taper over that length being from
0.4445mm diameter at P to 0.3429mm diameter at
D. Other particulars of the dimensioning and prop-
erties of this example are indicated on Figure 2.

The use of the single tapered or otherwise
graduated thickness wire forming both the resis-
tance and heating portions of the filament means
simplifies manufacture in that there is no need to
connect together two possibly dissimilar wires or
coils and may provide greater reliability and con-
sistence of performance under operating condi-
tions.

The lesser cross-sectional area of the wire at
the heating portion 30 together with the closer
arrangement of the coils there ensures speedy
attainment of operating temperature at the tip of
the plug sheath, the reduced cross-sectional area
giving the wire higher electrical resistance in this
region while the greater cross-sectional area in the
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resistance portion 28 coupled, in this example, with
the wider spacing of the coils there gives the
necessary self-limiting characteristics as heating up
continues, so preventing damage or burning out of
the filament means if the plug should be left
switched on for an excessive period.

Trials of the invention indicate that the perfor-
mance, is equal to if not better than known glow
plugs of this kind particularly with regard to speed
of response for fast engine starting, and the effi-
ciency may be much greater, possibly as much as
30% less current consumption than know piugs for
the same level of performance or oufput.

Claims

1. A glow plug including a housing (10) adapt-
ed to mount the plug in the wall of a combustion
chamber of an internal combustion engine in use, a
tubular sheath (20) carried by the housing o pro-
ject into said chamber in use, a heating element
(30) totaily enclosed within a distal tip portion (22)
of the sheath remote from the housing whereby
said tip portion speedily attains a high temperature
when electric current is operatively applied thereto
by way of an electrode (16) carried in the housing,
and a resistance element (28) also totally enclosed
in the sheath electrically interconnecting the heat-
ing element with the electrode and formed of a
material having a high positive temperature co-
efficient of resistance; characterised in that the
heating and resisiance elements (30,28) are con-
stituted by respective distal and proximal portions
of filament means (26), said means being formed
from coiled wire which is graduated in cross-sec-
tional area along its length with said area at the
effective proximal end (P) of the filament means
being substantially greater than said area at the
effective distal end (D) of said means located at the
extremity of said tip portion.

2. A glow plug as in Claim 1 characterised in
that said cross-sectional area at said proximal end
is at least 15% greater than said area at said distal
end.

3. A glow plug as in Claim 1 or 2 characterised
in that said unitary filament means is formed from
a single length of wire of uniform composition to
provided a unitary filament means so that the heat-
ing and resistance elements are part of a single
wire.

4. A glow plug as in any preceding claim
characterised in that the filament means is uni-
formly tapered along its length between the effec-
tive proximai and distal ends. ~_

5. A glow plug as in Claim 1, 2 or 3 charac-
terised in that the filament means is non-uniformly
tapered or otherwise graduated in cross-sectional
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area between said ends.

6. A glow plug as in Claim 5 characterised in
that the filament means increases in cross-sec-
tional area in one or more intermediate regions.

7. A glow plug as in any preceding claim
characterised in that the cross-sectional area of the
filament means at said proximal end is from 15%
to 37% greater than said area at said distal end.

8. A glow plug as in any preceding claim
characterised in that the coils of the filament
means are non-uniform along its length.

9. A glow pilug as in Claim 8 characterised in
that those coils constituting or forming part of the
heating element (30) have substantially closer pitch
than those constituting or forming part of the resis-
tance element (28).

10. A glow plug as in Claim 8 or 9 charac-
terised in that coils constituting or forming part of
the heating element (30) differ in diameter from
coils constituting or forming part of the resistance
element (28).

11. A glow plug as in Claim 10 characterised in
that coils forming part of or constituting the heating
element (30) are greater in diameter than coils
constituting or forming part of the resistance ele-
ment (28).

12. A sheathed element seli-limiting glow plug
characterised in that its heating and resistance
elements (30,28) are parts of a single common
length of wire (26) of uniform composition having
positive coefficients of electrical resistivity relating
to temperature, the cross-sectional area of the wire
in the part constituting the heating element being
substantially less than said area in the part con-
stituting the resistance element.

13. A glow plug as in Claim 12 characterised in
that the heating and resistance elements (30,28)
are coiled portions of said common length of wire
(26), the coils constituting the resistance element
being differently formed from those constituting the
heating element.

14. A glow plug as in Claim 13 characterised in
that the coils constituting the resistance element
(28) are more widely pitched than those constitut-
ing the heating element (30).

15. A glow plug as in Claim 13 or 14 charac-
terised in that the coils constituting the resistance
element (28) are of lesser diameter than those
constituting the heating eiement (30).
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