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This invention relates to an arrangement for 
regulating, in given cases automatically, the 
working temperature of electric-spark plugs or 
electrically heated ignition tubes. 
As is known, it is endeavoured to construct the 

electric spark plugs of internal combustion en 
gines in Such a manner that the insulating body 
does not exceed a certain temperature when the 
engine is running, because otherwise there is a 
danger of premature ignition. This danger will 
occur when the insulating body attains a tem 
perature of approximately 600° C. On the other 
hand, the insulating body must not be cooled be 
low a certain temperature because otherwise soot 
bridges, are formed on this portion by deposits 
from the gases from combystion, on which bridges 
the voltage of the spark plug can pass from one 
pole to the other without attaining the object of 
the ignition. As a rule, it is endeavoured to 
maintain the insulating body at a medium tem 
perature of 350 to 400° C. at which automatic 
cleaning-that is the prevention of the forma 
tion of soot bridges-is still to be expected. 
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The temperature of the insulating body is pri 
marily influenced by the heat development of the 
engine, that is from its thermic properties and its 
manner of working; the tendency for the tem 
perature to raise increases with the higher ther 
mic properties of the engine and becomes greatest 
for example in the case when running under full 
load with supercharging. The temperature of 
the insulating body depends in the second place 
upon the construction? of the spark plug, that is 
the possibility of absorbing heat on the one hand 
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and giving up heat on the other hand. The lower 
the thernic value of the engine for which the 
spark plug is intended, the greater must be the 
heat absorbing surface (base surface) of the in 
sulator, in order to reliably prevent jumping of 
the spark and to maintain the automatic clean 
ing temperature. If, however, the thermic value 
of the engine is particularly high, the foot of the 
insulator must be as small as possible in view 
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of the danger of premature ignition. At the 
same time, it is necessary to provide for an effect 
ive heat radiation in the event of increase of the 
influences tending to raise the temperature. 
This necessitates the provision of a relatively 
large surface on the head of the insulating body, 

50 
and, in some instances, the employment of a good 
heat conductive material for this body. As a re 
sult, it is necessary to adapt the construction of 
the spark plug, especially of its insulating body, 
to the thermic properties of the internal com 
bustion engine and to construct the plugs with 
numerous types of insulating bodies because the 

(C. 123-169) 
spark plug of certain shape is restricted to a 
small range of thermic conditions. Although it 
is possible to meet the practical requirements of 
different engines in this manner by providing a 
sufficient number of different types of . spark 
plugs, the known plugs are nevertheless always 
open to the objection that they can only approxi 
mately be chosen for a medium thermic value of 
the engine which, however, actually may vary 
within wide limits between no-load and full-load. 
The object of the invention is to extend the 

thermic range of the spark plug so that a single 
E type of plug can be employed for different kinds 
of engines. This is attained by means which en 
able the plug to be adjusted to the most favour 
able prescribed working temperature both for a 
high and low thermic value of the engine. Thus 
premature ignition by overheating in conse 
quence of overloading of the engine and creep 
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ing caused by great drop of temperature when 
the engine is idling for a long time are prevented 
to a great extent. This effect can be improved 
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according to a modification of the invention by 
an arrangement by means of which the plug is 
automatically adjusted to the most favourable 
working temperature in the event of changes in 
the heat conditions. . 
The thermic range can according to the in 

vention be extended by making the insulating 
body of the spark plug of a material possessing a 
particularly great heat conductivity and provid 
ing its head or other radiating portion with an 
arrangement which enables the radiating sur 
face to be more or less covered. The idea is 
that, if an insulating material is employed pos 
sessing a particularly high heat conductivity ex 
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ceeding that of the known spark plugs, the heat 
passage to the surrounding metal mass and to. 
the atmosphere will become so effective that the 
insulating body of the spark plug can be made 
with a relatively large base surface without its 
becoming too hot when fitted in a high power 
motor. The large insulating base also ensures 
a sufficient distance of insulation in the event of 
idle running. The large insulating. base : like 
wise reduces the danger of sooting or clogging 
especially wheri starting up. If the same plug is 
employed for an engine with a lower thermic 
value the size of the radiating surface is reduced 
by means of the adjustable cover, thus prevent 
ing the desired working temperature from being 
lowered. The head of the insulating body is 
preferably provided with cooling ribs of disk or 
helical form for the purpose of increasing the 
size of the radiating surface, whereas the size 
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of this radiating surface can be varied in an iss 
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2 
effective manner by Slipping a cap more or less 
over the ribbed portion. In the case of auto 
matic regulation this cap is automatically adjust 
ed by a thermostatic element influenced by the 
actual heat of the insulating body. 1. 

In order to attain a particularly good heat 
conductivity of the insulating body it is proposed 
to make the same of alternate thin layers of a 
metal, such as aluminium, and an insulating ma 
terial, Such as mica, so that the heat can foW 
freely in the metal in the axial direction of the 
insulating body from the base to the radiating 
surface, whereas the voltage is prevented from 
passing, from the middle electrode to the metal 
casing of the plug by the layers of insulating ma 
terial. As the heat conductivity of aluminium is 
about ten times as great as that of the best ce 
ramic material hitherto employed for insulating 
bodies, it is thus possible to effectively conduct 
the heat to the head or projecting portion of 
the insulator, so that by varying the radiat 
ing surface all occurring thermic conditions can 
be dealt with. The aluminium layers are prefer 
ably electrically oxidized on the surface, as a 
surface thus treated has a considerably greater 
ability for absorbing and radiating heat, whilst 
at the same time affording greater resistance 
against electrical piercing. 
The invention also presents advantages in the 

case of ignition tubes for oil engines. The known 
tubes are generally hollow metal bodies with an 
insulated projecting heating coil which is main 
tained at glowing temperature by the heat from 
combustion but which must be brought to the 
necessary temperature by electric heating when 
starting up the engine. In this case the draw 
back also arises that one and the same plug is 
mostly not suitable for different thermic condi 
tions. If the conditions for leading of the heat 
are such that the ignition takes place reliably at 
low external temperatures, there is a danger of . 
the ignition body becoming overheated and the 
heating coil destroyed in the event of higher 
temperature conditions and when running for a 
long time under heavy load. This often occurs 
when the load is not even full-load. This 
drawback can likewise be overcome by providing 
the ignition tube with a radiating surface fitted 
outside the cylinder, the effect of which being 
adjustable by a movable cover. According to the 
invention a projecting head with cooling ribs 
of good insulating material, preferably alu 
minium, is provided on the plug and a cap of . 
bad insulating material is adjustably supplied 
over this head, the adjustment being, if desired, 
effected automatically with the aid of a theirmo 
static member. The heat absorbing base of the 
ignition tube which accommodates the heating 
spiral may be made of pure aluminium, but it 
is advisable in this instance to electrically oxidize 
the surface to obtain a better heat absorption 
and chemical resistance. . 
Several embodiments of the invention are illus 

trated by way of example in the accompanying 
drawing in which: 

Fig. 1 shows in longitudinal section 
plug with hand adjustable cover cap, 

a Spark 

Fig. 2 is a cross section through the upper end 
of the plug on line 2-2 of Fig. 1, 

Fig. 3 is a part. longitudinal section of a "plug 
with automatic regulation, 
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Fig. 3, 
Fig. 4 shows on a larger scale. a portion of 
Fig. 5 is an elevation partly in longitudinal 

section of an insulating body, 

2,109,864 
Figs, 6 to 8 are details. 
In the form of construction illustrated in 

Fig. 1 a designates the plug body, b the insulat 
ing body Which may be made of ceramic material 
possessing a particularly high heat conductivity, 
and c the middle electrode which is cemented 
in the insulating body. The base and collar Of 
the insulating body are of the usual construction, 
whereas the head d is provided with cooling ribs 
extending in the form of a Screw thread. A cap 
e is screwed on to this screw thread and covers 
the head, this cap being made of material poS 
Sessing a low heat conductivity such as asbestos 
slate, glass, porcelain or artificial resin. Accord 
ing to the position of the cap a greater or lesser 
portion of the head surface is prevented from 
radiating so that the heat radiation can be varied 
within wide limits and consequently the plug 
adapted to the actual thermic conditions of the 
engine. The middle electrode c is packed at its 
upper end against the insulating body preferably 
by means of a soft elastic disk f, for example of 
aluminium, which disk is held in position by a 
circular nut g. A spring h clamped on the nut 
g serves for securing the cap in its adjusted posi 
tion. This spring consists for example of a resil 
ient ring pressed in oval shape and bent Over 
in its two middle portions. The loop shaped 
ends of this spring engage in recesses on the 
inner side of the cap (Fig.2). 

In the form of construction shown in Fig. 3 
the head d' of the insulating body is provided 
with disk-shaped cooling ribs on which the cape 
slides. The adjustment of the cap is effected 
in this instance automatically by means of a 
thermostatic element which regulates the Work 
ing temperature of the spark plug to the pre 
scribed value. This arrangement presents the 
advantage that the radiating Surface is auto 
matically varied in size when the heat condi 
tions fluctuate. In the example illustrated in 
the drawing a pair of bi-metal Springs is shown 
as regulating element. 
in position on the insulating body at one end by 
nuts g and g’, whereas its other end is clamped to 
the cape by means of the bent over edge of a 
small sleeve k which serves at the same time 
as guide for the cap. The outer edges of the 
cooling ribs are preferably rounded as shown in 
Fig. 4 so that the cap flange e', bearing against 
at least two ribs, is guided at this point with very 
little friction. 
In Fig. 5 an insulating body is illustrated 

which is made of a special material in a par 
ticular. manner for increasing the heat conduc 
tivity. The main portion of the insulating body 
b is composed of alternate thin layers of a metal, 
preferably aluminium, and mica. The portion 

This element is secured 
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d' of the head carrying the cocling ribs is made 
of solid metal and slipped on to the inner por 
tion in the manner illustrated in Fig. 5. 
The layers may be produced in a simple man 

ner by Winding a mica band varying in width for 
the purpose of producing the final shape of the 
insulating body. A portion of such a band is il 
lustrated on enlarged scale in longitudinal sec 
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tion in Fig. 6. The mica layers l may be about . 
mm. in thickness, and on these layers all 

minium Strips an of about the same thickness are 
stuck or cemented transversely to the longitu 
dinal direction of the band and mutually dis 
placed on the two sides of the band. By this 
means the metal layers in the finished wound 
body extend continuously from one end to the 
other in longitudinal direction, whereas the metal 
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the metal layers by full lines. 

2,109,864 
cores are interrupted and insulated from one an 
other by the mica layers in the transverse di 
rection. Fig. 7, shows diagrammatically a por 
tion of the wound base of the insulating body, the 
mica layers being indicated by broken lines and 

The electrode pin 
is first surrounded by a casing composed of sev 
eral mica layers. The band constructed in the 
manner illustrated in Fig. 6 is then wound about 
this casing, and the end of this band extends 
at an incline in order to produce the conical 
shape of the base portion. As can be seen from 
Fig. 7 the metal layers do not extend right down 
to the edge of the mica band in order to prevent 
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the voltage from Creeping over at this point. A 
further protection is effected by providing each 
aluminium layer with the above mentioned 
oxidized coating which possesses a good insulat 
ing property and at the same time improves the 
heat transmission. Finally the small gaps be 
tween the mica layers on the surface of the body 

SO. 
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thus wound are preferably filled with a strong 
insulating cement which smooths the surface. 
Pulverized asbestos mixed to a paste with water 
glass which may also be employed for cementing 
the aluminium layers on the mica band has been 
found suitable for this purpose. If the whole 
mass after having been Wound is heated to a tem 
perature of 150 to 200° C. a body is formed pos 
essing great mechanical strength and insulating 
properties and having an excellent heat conduc 
tivity. 
The body produced in this manner is particu 

larly suitable for the following reasons. Sintered 
corundum is known as the insulating material 
possessing the best heat conductivity. It pos 
sesses a heat conductive coefficient of about 16.8. 
(cals.xmtr./sq. mtr.xhr.x C.), that is 14 times 
the conductive capacity of steatite. The corre 
sponding coefficient for aluminium is 165, and 
for electrically oxidized aluminium slightly lower. 
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Ignoring the relatively low conductivity of the 
mica which is 0.3, a heat conductive coefficient of 
about 80 can be reckoned for a mixed insulating 
material consisting approximately of 50% alu 
minium. This is about 5 times that of sintered 
corundum and 75 times that of steatite. The heat 
absorbed by the insulating body is therefore con 
ducted in a very effective manner to the ribbed 
portion of the body, and the radiation: from the 
surface of this portion can be increased by the 
above mentioned coating of electric oxide. 

Fig. 8 shows a part cross section of a modified 
construction of the insulating body. In this in 
stance the body is composed of fine threads in 
of metal wire embedded in an insulating mate 
rial o such as pulverized mica mixed with a bind 
ing medium, the whole being moulded under 
pressure to the desired shape. The metal threads 
in may be in the form of a colled wire netting 
or in the form of loose metal wool. In this latter 
instance the body must be inclosed on the inner 
and outer sides by a shell p of pulverized mica. . 
It is evidently also possible to arrange a plurality 

65 of metal tubes of different diameters concentrical 
ly one within the other and to fill the gaps be 
tween these tubes with pulverized insulating ma-. 
terial mixed with a binding medium. 1 

In all instances it is essential that the metal 
inserts of the insulating body are in conductive. 
connection with a large surface of good radiating 
material, for example in the form of a ribbed 
sleeved such as ilhustrated in Fig. 5. . 
... The thin protecting layer q (Fig. 7) formed of 
the above mentioned cement like substance on 

3 
the surface of the base of the insulating body also 
has a particularly favourable effect. This layer 
formed for example of waterglass and asbestos 
powder possesses the property of good permeabil 
ity for heat radiation, whereas it is a bad con- 5 
ductor of convective heat. As this thin layer is 
connected with good conductive metal veins 
uniformly distributed on its rear side the insu 
lating body attains the necessary temperature 
very quickly when starting up because for this 10 
purpose only the accumulation of a relatively 
Small quantity of heat in the coating layer is 
required. On the other hand the metal veins 
in a certain sense feel of the whole rear side of 
the thin layer and conduct the heat to the ra- 5 
diating Surface at a speed increasing correspond 
ing to the increase of temperature drop between 
the base and the head, and thus prevent the per 
missible temperature from being exceeded. This - 
effect constitutes an extensive automatic regula- 20 
tion of the temperature conditions so that a rela 
tively slight subsequent regulation by varying the 
radiating surface is sufficient, or this subsequent 
regulation may possibly even be entirely dispensed 
with if the thermic working range of the plug's 
is not required to deal with all occurring working 
conditions. . - 

What I claim as new and desire to secure by 
Letters Patent of the United States, is: 

l. A Spark plug, comprising in combination, a 30 
metal casing forming the outer electrode, an 
insulating body inserted in and projecting from 
the said casing to form a radiating surface and 
having an axial bore, a metal pin extending 
through said bore and forming the inner elec- as 
trode, said insulating body consisting of a mate 
rial having high heat conductivity, and means on 
the projecting end of said insulating body, for ad 
justing the exposed area of the radiating surface. 

2. A spark plug, comprising in combination, a 40 
metal casing forming the outer electrode, an 
insulating body inserted in and projecting from 
the said casing to form a radiating surface and 
having an axial bore, ribs on the projecting por 
tion of said insulating body to increase the area of 45 
said radiating surface, a metal pin extending 
through said bore and forming the inner elec 
trode, said insulating body consisting of a mate 
rial having high heat conductivity, and means on 
the ribbed end of said insulating body for ad- so 
justing the exposed area of the radiating surface. 

3. A spark plug, comprising in combination, a 
metal casing forming the outer electrode, an 
insulating body inserted in and projecting from 
the said casing to form a radiating surface and 55 
having an axial bore, a metal pin extending 
through said bore and forming the inner elec 
trode, said insulating body consisting of a mate- ) 
rial having high heat conductivity, and a cap 
shiftable on the projecting end of said insulating 60 
body to adjust the exposed area of the radiating 
surface. 

4. A spark plug, comprising in combination, a 
metal casing forming the outer electrode, an in 
sulating body inserted in and projecting from the 65 
said casing to form a radiating surface and hav 
ing an axial bore, a metal pin extending through 
Said bore and forming the inner electrode, said 
insulating body-consisting of a material having. 
high heat conductivity, means on the projecting 70 
end of said insulating body for adjusting the ex 
posed area of the radiating surface, and a thermo 
static member between the projecting end of said. 
insulating body and said adjusting means adapt 
ed to automatically actuate said means, 75 
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5. A spark plug, comprising in combination, a inserts embedded in a compressed substance com 

metal casing forming the outer electrode, an 
insulating body inserted in and projecting from 
the said casing to form a radiating surface and 
having an axial bore, a metal pin extending 
through said bore and forming the inner elec 
trode, said insulating body consisting of a mate 
rial having high heat conductivity, a sleeve of a 
good radiating material slipped on to the pro 
jecting portion of Said body, and means on said 
sleeve for adjusting the exposed area of the 
radiating Surface. 

6. A Spark plug, comprising in combination, a 
metal casing forming the outer electrode, an in 
Sulating body inserted in and projecting from 
the said casing to form a radiating surface and 
having an axial bore, a metal pin extending 
through said bore and forming the inner elec 
trode, said insulating body consisting of a ma 
terial having high heat conductivity, an alu 
minium sleeve having an electrically oxidized 
Surface slipped on to the projecting portion of said 
body, and means on said sleeve for adjusting the 
exposed area of the radiating surface. 

7. A spark plug, comprising in combination, a 
metal casing forming the outer electrode, an in 
Sulating body inserted in and projecting from the 
Said casing and having an axial bore, a metal 
pin extending through said bore and forming the 
inner electrode, said insulating body consisting 
of an electrically insulating mass with good con 
ductors of heat extending therethrough and 
forming a continuous connection between the 
base and the projecting portion of the body, a 
large radiating surface surrounding the said pro 
jecting end and in contact with the said con 
ductors, and means on the projecting end of 
said insulating body for adjusting the exposed 
area of the radiating surface. 

8. A Spark plug, comprising in combination, a 
metal casing forming the outer electrode, an in 
sulating body inserted in and projecting from 
the said casing and having an axial bore, a metal 
pin extending through said bore and forming the 
inner electrode, said insulating body consisting 
of metal threads embedded in a compressed sub 
stance composed of powdered insulating material 
With a binding medium, said metal threads form 
ing a continuous connection between the base 
and the projecting portion of the body, and a 
large radiating Surface surrounding the said 
projecting end and in contact with the said metal 
threads. 

9. A Spark plug, comprising in combination, a 
metal casing forming the outer electrode, an in 
sulating body inserted in and projecting from 
the said casing and having an axial bore, a metal 
pin extending through said bore and forming. 
the inner electrode, said insulating body consist 
ing of metal wool embedded in a compressed sub 
stance composed of powdered insulating material 
with a binding medium and being covered on its 
inner and outer sides by an insulating layer, said 
metal wool forming a continuous connection be 
tween the base and the projecting portion of the 
body, and a large radiating surface surrounding 
the said projecting end and in contact with the 
said metal wool. . - 

10. A spark plug, comprising in combination, 
a metal casing forming the outer electrode, an 
insulating body inserted in and projecting from 
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the said casing and having an axial bore, a metal 
pin extending through said bore and forming the 
inner electrode, said insulating body consisting 
of a plurality of concentrically arranged.netal 

posed of powdered insulating material with a 
binding medium, said metal inserts forming a 
continuous connection between the base and the 
projecting portion of the body, and a metal sleeve 
with a ribbed surface slipped on to the said pro 
jecting portion and being in contact with the 
said metal inserts. w - 

11. A spark plug, comprising in combination, 
a metal casing forming the outer electrode, an 
insulating body inserted in and projecting from 
the said casing and having an axial bore, a metal 
pin extending through said bore and forming the 
inner electrode, said insulating body consisting 
of an electrically insulating mass with good con 
ductors of heat extending therethrough and 
forming a continuous connection between the 
base and the projecting portion of the body, a 
large radiating surface surrounding the said pro 
jecting end and in contact with the said con 
ductors, and a thin coating of a heat accumu 
lating cement covering the outer surface of the 
base portion of the insulating body and being 
in contact with the said conductors of heat. 

12. A spark plug, comprising in combination, 
a metal casing forming the outer electrode, an 
insulating body...inserted in and projecting from 
the said casing and having an axial bore, a metal 
pin extending through said bore and forming 
the inner electrode, Said insulating body consist 
ing of a plurality of metal inserts embedded in a 
compressed substance composed of powdered in 
sulating material with a binding medium, said 
metal inserts forming a continuous connection 
between the base and the projecting portion of 
the body, a metal sleeve slipped on to the said 
projecting portion and being in contact with the 
said metal inserts, and means surrounding the 
said metal sleeve for adjusting the exposed area 
of its radiating surface. . 

13. A spark plug, comprising in combination a 
metal casing forming the outer electrode, an in 
sulating body inserted in and projecting from 
the said casing and having an axial bore, a metal 
pin extending through said bore and forming the 
inner electrode, a sleeve of a material of high heat 
conductivity slipped on to the projecting end and 
forming an enlarged radiating surface, Said in 
sulating body consisting of an electrically insu 
lating mass with good conductors of heat ex 
tending therethrough, said conductors being Sep 
arated both from the pin and from one another 
by the insulating mass and forming a continu 
ous connection between the base and the said 
radiating sleeve. O 

14. A spark plug, comprising in combination 
a metal casing forming the outer electrode, an 
insulating body inserted in and projecting from 
the said casing and having an axial bore, a metal 
pin extending through said bore and forming the 
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inner electrode, and an aluminium sleeve having 
an electrically oxidized surface slipped on to the 
projecting end and forming an enlarged radiat 
ing surface, said insulating body consisting of 
an electrically insulating mass with good con 
ductors of heat extending therethrough, said con 
ductors being separated both from the pin and, 
from one another by the insulating mass and 
forming a continuous connection between the 
base and the said radiating sleeve. 

15. A spark plug, comprising in combination a 
metal casing forming the outer electrode, an in 
sulating body inserted in and projecting from 
the said casing and having an axial bore, a metal 
pin extending through said bore and forming the 
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inner electrode, a sleeve of a material of high 
heat conductivity, slipped on to the projecting 
end and forming an enlarged radiating surface, 
said insulating body composed of a closely wound 
band of mica having metal strips mutually dis 
placed on its two sides, said strips being sepa 
rated both from the pin and from one another 
by the band of mica and forming a continuous, 
connection between the base and the said radiat 
ing sleeve. 

16. A spark plug, comprising in combination 
a metal casing forming the outer electrode, an 
insulating body inserted in and projecting from 

5 
said casing and having an axial bore, a metal 
pin extending through said bore and forming the 
inner electrode, a sleeve of a material of high 
heat conductivity slipped on to the projecting 
end and forming an enlarged radating surface, 
said insulating body composed of a closely wound 
band of mica having aluminium strips with elec 
trically oxidized surfaces, said strips being sep 
arated both from the pin and from One another 
by the band of mica and forming a continuous 
connection between the base and the said radiat 
ing sleeve. 
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