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Our invention relates, generally, to ignition
systems for internal combustion engines and,
more particularly, to ignition systems for engines
adapted for aeronautical use.

At the present time practically all airplanes
are equipped with an ignition system which is
essentially the same as that utilized in automo-
biles. A high voltage is generated in g spark
coil by making and breaking the primary circuit,
which is energized from g battery. A distributor
is prov.ded in the high voltage part of the system,
and consequently, the distributor as well as the
wires connecting the distributor to the individual
spark plugs must be insulated for the high volt-
age,

The [oregoing system is not satisfactory at
altitudes over 25,000 feet because of decreased
air density which causes a proportional decrease
_in air dielectric strength. The decreased dielec-
tric strength causes the distributor and spark plug
insulation to fail by external flashover. Recent
‘attempts to improve the insulation of the spark
plugs and the distributor against external flash-
over have not been very successful. A ceiling
of around 35,000 feet has been reported for planes
equipped with the improved insulation. How-
ever, present motors are capable of carrying the
planes to 55,000 feet if provided with a satisfac-
tory ignition system.

An object of our invention, generally stated,
is to provide an improved mmtlon system for in-
ternal combustion engines.

A more specific object of our invention is to
provide a relatively low voltage ignition system.

Another object of our invention is to provide
an igrnition system which may be readily adapted
to present systems with only minor changes in
the present systems.

A further object of our invention is to provide
a high frequency spark plug suitable for use in
our improved ignition system.

Other objects of our invent'on will be ex-
plained fully hereinafter or will be apparent to
those skilled in the art.

In accordance with our invention, the distrib-
utor is connected in the low voltage part of the
ignition system and a high frequency spark plug
having a primary winding of a relatively low
veltage and a secondary winding of a high volt~
age is provided. The spark plug also contains 2
condenser and a spark gap so connected in the
ignition circuit that an oscillating current of a
high frequency is produced in the plug. Thus,
the high voltage is generated within the plug

itself and is not exposed to atmospheric pressure. 9

10

15

20

30

o
ot

40

50

For a fuller understanding of the nature and
objects of our invention, reference may be had
to the following detailed description, taken in
conjunction with the accompanying drawings, in
which:

Figure 1 is g diagrammatic view of an ignition
system embodying our invention;

Fig. 2 is a view, in vertical section, of a spark
plug suitable for use in the system shown in
Fig. 1;

IMig. 3 is a curve showing the relation hetween
altitude and air density;

Fig. 4 is a view, in Vertical section, of a modi-
fied plug structure;

Fig. b is a diagrammatic view of a modification
of the ignition system: shown in Fig. 1; and

Fig. 6 is a view of curves illustrating differences
in characteristics of our ignition system and the
usual system.

As indicated in the curve shown in Fig. 3, in
which air density is plotted against altitude, air-~
planes equipped with the usual ignition system
develop ignition trouble at altitudes of approxi-
mately 25,000 feet. As explained hereinbefore,
the decreased air density causes a proportional
decrease in air dielectric strength. Because of
the relatively high voltage impressed upon the
distributor and spark plugs, the decreased dielec-
tric strength permits the distributor and spark
plug insulators to flashover. Thus, a limita-
tion is placed upon the altitude reached by the
planes which otherwise would be capable of fly-
ing at much higher altitudes.

In our ignition system, flashover of insulation
is not a limitation because a relatively low volt-
age is utilized throughout the system up to the
spark plugs which are of a special construction,
as fully described hereinafter. Moreover, our
system may be readily adapted to present ignition
systems with only minor changes.

Referring to the schematic diagram in Fig. 1,
the system shown therein comprises a battery
10, breaker points {{ which are closed in the usual
manner by a cam 2 driven by the engine (not
shown), the usual condenser 13, which bridges
the breaker points {f, and a spark coil 14, which
may be of the usual type having a primary wind-
ing 15 and a secondary winding 16 disposed upon
an iron core {71. The spark coil 14 may be sim-
ilar to the coils now used in automotive ignition
systems with the exception that the coil will de-
liver a relatively low voltage as compared with
the voltage of the present ignition systems. A
small condenser 18 may or may not be connected
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across the secondary winding {8, depending upon
the construction of the coil.

A distributor 21, which may be of the usual
type having a rotor 22 for successively engaging
- contact members 23, is provided. Each one of
the contact members 23 is connected to a spark
plug 24 located in each cylinder of the engine.
The distributor 2§ may be of a standard design
and driven by the engine in the usual manner.

As indicated schematically in Fig. 1, the spark

plug 24 is provided with a condenser 28, which.

may be of a relatively small capacity of the order
of .002 microfarad, an enclosed spark gap 28 and
an air core transformer 21 having a primary
winding 28 and a secondary winding 28. The plug
24 is provided with the usual igniting electrodes
31 and 32.

As shown, the electrode 31 is connected to one
terminal of the secondary winding 29. The other
terminal of the secondary winding 29 and one
werminal of the primary winding 28 are connected
10 one terminal of the enclosed spark gap 26. The
citier terminal of the spark gap 26 and one termi-
nal of the condenser 25 are connected to the
usual conductor 33 leading from the distributor.
The other terminal of the condenser 25 and the
other terminal of the primary winding 28, as well
as the electrode 32, are connected to ground
through the engine frame in the usual manner.

The dimensions of the enclosed spark gap 26
may be made similar to those of a cartridge fuse
of the automotive type. It may be sealed in an
ajr-tight transparent case 34 and should be set
to break down at about half the voltage which
the coil 14 is capable of supplying. It will be
understood that the breakdown voltage of the
gap may be varied by changing the pressure of
the gas in the tube which encloses the gap. Thus,
the gap may be made to break down at any de-~
sired voltage by creating a partial vacuum in the
tube when the gap is constructed. The break-
down voltage of the gap may be stabilized to
breakdown with a very short time lag by intro-
ducing a small quantity of radio-active material
inside the tube or by pre-ionizing the gap by other
. known methods.

Since the discharge through the spark gap is
intermittent, high frequency and the effective
current is small, there should be practically no
burning of the electrodes. However, as explained
hereinafter, the enclosed gap is readily accessible
for removal and replacement. )

The air core transformer 27 should have a rel-
atively few turns, approximately 10, in the pri-
mary winding 28 and approximately 10 times as
many turns of fine wire in the secondary wind-
ing 29. It has been determined that good coupling
can be obtained with a coil of relatively small di-
mensions and having the foregoing turn ratio.

Referring to Fig. 2, which illustrates the me-
chanical structure of a spark plug suitable for
use in our ignition system, the plug shown com-
prises a metal casing 35 having a threaded por-
tion 36 for insertion in the engine in the usual
manner and a shoulder 31 which may be hex-
agonal in shape to permit a wrench to be utilized
for screwing the plug in the engine. The upper
end of the casing 38 is threaded both internally
at 38 and externally at 39, as shown.

Three insulating tubes 41, 42 and 43, which may
be composed of porcelain or other sultable cer-
amic material, are disposed within the metal
casing 38. The tubes 41, 42 and 43 are so sized
and shaped as to telescope into each other, as
shown, and the tubes 41 and 42 are provided with
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spiral grooves for recelving the secondary wind-
ing 29 and the primary winding 28, respectively,
of the transformer 27.

The transformer wires are sealed air-tight by

‘means of a cement 40 which may be made of a

mixture of water glass and powdered quarts or
any other suitable inorganic powder or sealing
paste. The cement 40 fills the space between the
tubes and may also be utilized to hold the elec-
trode 3f in place. The cement 48 also seals the
insulating tubes to the metal casing 38S.

A hole 44 is provided in the tube 41 for con-
necting the secondary winding 29 to the electrode
31. It will be understood that the end of the
winding 29 may be inserted in the hole 44 and
electrically welded to the electrode 31. A groove
45 may be provided in the side of the tube 43
for a portion of the primary winding 28, one enda
of which may be welded to a metal ring 48 in-
serted in the top of the tube 43. The other ter-
minal of the primary winding 28 and the other
terminal of the secondary winding 29 are brought
cut through grooves 471 and 48 in the tubes 42
and 41, respectively, and electrically connected to
a spring terminal 49 of the spark gap 26.

After the windings are in place and the proper
electrical connections made, the assembied insu-
lators 41, 42 and 43, may be inserted in the cas-
ing 35 and sealed with cement, as hereinbefore
described. A ‘retaining nut 51 may be screwed
into the casing 35 to hold the insulators firmly
in place. It will be noted that the nut 5i en-
gages the ring 46, thereby connecting one term:-
nal of the primary winding 28 to the casing 3§
which completes the ground connection for the
primary winding when the plug is inserted in the
engine. The nut §1 may be provided with sockets
52 for receiving a suitable wrench for tightening
the nut, )

The condenser 25 comprises plates §3 which are
connected to a metal ring B4 threaded into the
casing 38, thereby constituting the ground elec-
trode of the condenser and plates 85 which are
connected to a center electrode 56. The con-
denser 25 may be filled with a suitable insulating
compound which is retained therein by means of
insulating washers 57 and $8 disposed at the top
and bottom, respectively, of the condenser.

A soft metal ring or washer §9 may be pro-
vided hetween the nut 51 and the ring 54 to seal
the top chamber of the plug against moisture
and also against a decrease in air pressure. A
cup-shaped terminal 61 is provided in the lower
side of the condenser 2§ and s similar cup-shaped
terminal 62 is provided on the spring terminal 49
for receiving the spark gap 26. A spring 63 may
be provided in the cup terminal 6l for insuring
good electrical contact between the upper termi-
nal of the spark gap 26 and the electrode 58 of
the condenser.

The distributor conductor 33 may be elec-
trically connected to the electrode 56 by means
of a suitable connector 64 which is embedded in
suitable insulation 65 surrounding the conductor
33. A metal sheath 68 having a flanged cap §1
may be provided for the insulation 65 and the
cap retained on the casing 35 by means of a
flanged nut 68 threaded onto the outside of the
casing.

It will be seen that the spark gap 26 may be
readily removed from the plug 24 by removing
the nut 68 and the distributor cable 8. After
these are removed, the condenser 25 and the
spark gap 26 may be removed from the plug.
If it is determined by inspection that the dis-
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tance between the electrodes 69 of the spark gap
has become too great, a new spark gap tube 34
may be installed in the plug and the condenser
and distributor cable reassembled in the manner
hereinbefore described. As explained hereinbe-
fore, it is not expected that the spark gaps will
have to be replaced except after long periods of
operation. However, it is recommended that
they be inspected during each time that the en-
gine is being overhauled.

Referring again to Fig. 1, the operation of
our ignition system is as follows: At the proper
instant, as determined by the operation of the
breaker points {1 and the distributor 21, the volt-
age produced by the coil 14 is applied across the
condenser 25 which charges until its potential
equals the breakdown voltage of the enclosed
spark gap 26. The gap 26 breaks down and al-
lows the accumulated charge to surge through

the primary winding 28 of the transformer 271. :

The discharge is an oscillating current of a very
high frequency. In this manner a voltage is in-
duced in the secondary winding 29, which, added
to the primary voltage, breaks down the combus-
tion gap across the electrodes 31 and 32 and
ignites the fuel mixture in the cylinder. Or-
dinarily, there will be several of these high fre-
quency surges during each firing cycle depesnd-
ing upon the natural frequency of the plug cir-
cuit and the characteristics of the voltage:sup-
plied by the distributor.

As illustrated by the curves in Fig. 6, a spark
of high frequency is not affected by the accumu-
lation of oil on the spark plug which has a tend-
ency to short-circuit the plug. In PFig. 6,
which voltage is plotted against time, curve a

is a high frequency voltage wave, such as pro-.

duced by our system, curve b is the voltage wave
for a standard system and curve ¢ illustrates how
fouling of the plug affects the voltage of a stand-
ard system by lowering the voltage at the plug.
It will be seen that the voltage of the high fre-
quency wave reaches the breakdown voltage of
the gap and causes the plug to fire before the
fouling can appreciably Jower the voltage. With
a standard system, the fouling lowers the resist-

“ance to.such an extent that the voltage ncvex
reaches the breakdown point,

From the foregoing description it will be seen
that only a relatively low voltage is impressed
upon the distributor and the conductors leading
to the spark plugs of an internal combustion
engine. The high voltage required for igniting
the fuel is produced entirely within the plug it-

self, thereby eliminating the danger of flashover

through the insulation on the conductors and the
distributor of the ignition system. Furthermore,
the spark plug is incorporated in. a grounded
metal casing, thereby reducing radio interference.

In order to reduce the length of the plug 24,
the secondary winding 29 may be disposed in two
layers which are concentrically wound, as shown
in Fig. 4. The outer layer is disposed on the in-
sulating member 41’ and the inner layer is dis-
posed on an insulating spool Tl which telescopes
in the insulating ‘member 41’; the two layers are
electrically connected by a jumper 72 and wound
cumulatively, thereby obtaining the same elec-
trical effect as with a single layer.

As shown in Fig. 4 and illustrated schematical-
ly in Fig. 5, the electrode 31’ is connected t~ one
terminal of the secondary winding 29’ and the
electrode 32’ is connected to the other terminal
instead of being grounded, as in the system here-
inbefore described. However, if desired, the one
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terminal ‘of the secondary winding 29’ may be

connected to the one terminal of the primary
winding 28’, as illustrated in Figs. 1 and 2. In

. this case, the electrode 32’ would be disposed in
-the casing 35’ and the electrode 31’ disposed in

the center of the insulating member 41’ in a
manner similar to that illustrated in Fig. 2.

With a view to still further decreasing the
length of the plug, the condenser 25 may be of
a cylindrical construction instead of a plate
construction, as illustrated in Fig. 2. In the
structure shown in Fig. 4, the metal ring 54’ con-
stitutes one plate of the condenser 25’ and a cy-
lindrical metal sleeve 15 constitutes the other
plate of the condenser. The sleeve 15 may be
supported by a metal disc 76 which is electrical-
ly connected to the electrode 56’ of the condenser.
The sleeve 15 may be insulated from the ring 54’
by suitable insulation 11 which may be of a
molded constructicn or, if desired, the condenser
may be compound ﬁlled, the insulating compound
heing retained in the ring 54 by suitable retain-
ing members, as illustrated in the structure
shown in Fig. 2. It will be understood that the
capacity of the condenser may be increased by
increasing the number of plates.

With the exception of the foregoing features,
the plug illustrated in Fig. 4 is of substantially
the same construction as the one illustrated in
Fig. 2 and hereinbefore described. It will be
seen that the overall length of the plug may be
materially reduced by constructing it in the man-
ner shown in Fig. 4. Furthermore, it will be un-
derstood that a cylindrical condenser in which
the spark gap 26’ is disposed inside the condenser
may be utilized with the transformer structure
shown in Fig. 2, thereby somewhat decreasing the
length of the plug.

As illustrated in Fig, 5, a spark plug of the
type herein described may be utilized in an igni-~
tion system which is not provided with an ignition
coil of the type now used in automotive ignition
systems. In the system shown in Fig. 5, a con-
denser 6 is charged from the battery 10’ through
a resistance T and an inductance 8. The charg-
ing time for the condenser 6 is determined by the
constants of the resistor T and the inductance 8.

The condenser 6 discharges through the breaker
points {1 and the distributor 21, thereby charg-
ing the condenser 25’ which, in turn, is discharged
through the spark gap 26’ and the primary wind-
ing 28’ of the transformer 271’ in the manner here-
inbefore described. In this manner, the usual
ignition coil may be omitted from the system.

If desired. the system illustrated in Fig. 5 may
be utilized with a spark plug in which the primary
winding 28 and the secondary winding 29 of the
transformer 27 have two terminals connected to-
gether, as illustrated in Fig. 1. As explained here-
inbefore, the electrode 32 would then be grounded.
as shown in Fig. 1, instead of being connected to
the winding 29,

In addition to the sources of electromotive force
herein illustrated, it is also possible to supply a
potential to the distributor by means of a magneto
of a type well known in the art. In fact. almost
any kind of voltage wave may be utilized. For
example, a constant potential direct voltage from
a rectifier has been satisfactorily utilized. An
alternating voltage may be utilized, the only re-
striction being that the frequency should be high
enough to allow at least one half cycle to be im-
pressed on the plug circuit before the timing
circuit has remcved voltage from the distributor.
On the other hand, this frequency must not be
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sufficlently high to allow the condenser 2§ to
short-circuit the supply.

From the foregoing description it is apparent
that we have provided an ignition system suitable
for internal combustion engines of all types which
eliminates the danger of insulation failure at any
point in the system, thereby making the system
particularly suitable for utilization in aircraft
which operates at high altitudes. Furthermore,
the metal enclosed spark plug which we have pro-
vided is structurally capable of withstanding the
severe vibration to which airplane spark plugs
are subjected, it is completely shielded from
lightning surges, etc., and is moisture proof, there-
by eliminating trouble caused by wet weather
shorting the plug. It is also apparent that the di-
mensions of the spark plug are such that it may
be utilized in any of the airplane motors now
being manufactured, and, therefore, does not re-
quire motors of special construction. Further-
more, our ignition system may be readily incorpo-
1ated in ignition systems of the type now known.

Since numerous changes may be made in the
above described constructions and different em-
bodiments of the invention may be made without
departing from the spirit and scope thereof, it is
intended that all matter contained in the fore-
going description or shown in the acéompanying
drawings shall be interpreted as illustrative and
not in a limiting sense.

We claim as our invention:

1. A unitary spark plug for an internal combus-
tion engine comprising a casing having one end
reduced in size for insertion into the engine, a
transformer having a primary winding and a
secondary winding disposed within the casing, a
spark gap and a condenser also disposed within
the casing, said spark gap being disposed between
said condenser and said transformer in close
proximity thereto, and a pair of igniting elec-
trodes at least one of which is connected to the

" secondary winding of said transformer.

2. A unitary spark plug for an internal combus-
tion engine comprising g casing having one end
reduced in size for insertion into the engine, a
transformer having a primary winding and a sec-
ondary winding disposed within the casing, &
spark gap and a condenser removahly disposed
within the casing, said spark gap being disposed
between said condenser and said transformer in
close proximity thereto, and a pair of igniting
electrodes at least one of which is connected to
rated in ignition systems of the type now known.

3. A unitary spark plug fer an internal combus-,

tion engine comprising a casing having one end
reduced in size for insertion into the engine, a
transformer having a primary winding and a
secondary winding disposed within the casing, a
spark gap and a condenser removably disposed
within the casing, said spark gap being disposed
between said condenser and said transformer in
close proximity thereto, and a pair of igniting

electrodes at least one of which is connected to
the secondary winding of the transformer, said

primary winding being connected to one terminal
of the spark gap. .

4. A unitary spark plug for an internal combus-
tion engine comprising a cylindrical casing hav-
ing one end reduced in diameter for insertion into
the engine, a transformer having a primary
winding and a secondary winding disposed with-
in the casing, a spark gap and a condenser re-
movably disposed within the casing, said spark
gap being disposed between said condenser and
said transformer in close proximity thereto, and

& palr of igniting electrodes at least one of which
is connected to the secondary winding of the
transformer, said primary winding being con-
nected to one terminal of the spark gap, the other
terminal of the spark gap being connected to

" one terminal of the condenser,

5. A unitary spark plug for an internal combus-
tion engine comprising a cylindrical casing having

~ one end reduced in diameter for insertion into the
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engine, a transformer having a primary winding
and a second winding disposed within the casing,
a spark gap and a condenser removably disposed
within the casing, sald spark gap being disposed
between said condenser and said transformer in
close proximity thereto, and a pair of igniting
electrodes at least one of which is connected to the
secondary winding of the transformer, said pri-
mary winding being connected to one terminal of
the spark gap, the other terminal of the spark gap
being connected to one terminal of the condenser,
and the other terminal of the condenser being
connected to said primary winding.

6. A unitary spark plug for an internal combus-
tion engine comprising a casing having one end
reduced in size for insertion into the engine, tele-
scoping insulating members disposed within the
casing, a transformer having a primary winding
and a secondary winding concentrically disposed
on the insulating members, an enclosed spark
gap removably disposed within the casing, a con-
denser removably disposed within the casing, and
a palir of igniting electrodes at least one of which
is connected to the secondary winding of the
transformer and substantially totally embedded
in the innermost one of said insulating members.

7. A unitary spark plug for an internal combus-
tion engine comprising a metal casing having
a threaded portion for insertion into the engine,
telescoping insulating members disposed within
the casing, a transformer having s primary wind-
ing and a secondary winding concentrically dis~
posed on the insulating members, an enclosed
spark gap removably disposed within the casing,
a condenser removably disposed within the casing,
and & pair of igniting electrodes, one of which
is connected to said secondary winding and sub-
stantially totally embedded in the innermost one
of said insulating members and the other of which
is connected to sald casing.

8. A unitary spark plug for an internal combus-
tion engine comprising a metal casing having a
threaded portion for insertion into the engine,
telescoping insulating members disposed within
the casing, a transformer having a primary wind-
ing and a secondary winding concentrically dis-
posed on the insulating members, an enclosed
spark gap removably disposed within the casing, a
condenser removably disposed within the casing,
and a pair of igniting electrodes, each one of which
is connected to a terminal of said secondary wind-
ing and substantially totally embedded in the
innermost one of said insulating members.

9. A spark plug for an internal combustion en-
gine comprising a casing having a threaded por-
tion for insertion into the engine, insulating
members disposed within the casing, a trans-
former having a primary winding and a secondary
winding concentrically disposed on the insulating
members, & ¢ylindrical condenser removably dis-
posed within the casing, and a spark gap disposed
within the casing. '

10. A spark plug for an internal combustion en-
gine comprising a casing having a threaded por-
tion for insertion into the engine, insulating mem-
bers disposed within the casing, a transformer
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having a primary winding and a secondary wind-
ing concentrically disposed on the insulating
members, a cylindrical condenser removably dis-
posed within the casing, and an enclosed spark
gap removably disposed within the casing.

11, A spark plug for an internal combustion en-
gine comprising a metal casing having a threaded
portion for insertion into the engine, insulating
members disposed within the casing, a trans-
former having a primary winding and a multi-
layer secondary winding concentrically disposed
on the insulating members, an enclosed spark gap
removably disposed within the casing, a cylindri-
cal condenser surrounding the spark gap, and a
palr of igniting electrodes at least one of which
is connected to the secondary winding of the
transformer. . ;

12. In an ignition system for an internal com-
bustion engine, the combination with a source
of electromotive force and a distributor therefor,
of a unitary spark plug having one end con-
structed for insertion into the engine and com-
prising a transformer having a primary winding
and a secondary winding, & condenser and a spark
gap all disposed within the plug, sald condenser

being connected to discharge across.the spark gap .

through the primary winding of the transformer,
sald spark gap being disposed between the con-
denser and the transformer in close proximity
thereto. .

13. In an ignition system for an internal com-
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bustion engine, the combination with a source of
electromotive force and.a distributor therefor, of
a unitary spark plug having one end constructed
for insertion into the engine and comprising a
transformer having a primary winding and g sec-
ondary winding, a condenser and & spark gap all
disposed within the plug, said condenser being
connected to discharge across the spark gap
through the primary winding of the transformer,
said spark gap being disposed between the con-
denser and the transformer in close proximity
thereto and a pair of igniting electrodes, at least
one of which is connected to the secondary wind-
ing of the transformer.

14, In an ignition system for an internal com-
bustion engine, the combination with a source of
electromotive force and a distributor therefor, of
a unitary spark plug having one end constructed
for insertion into the engine and comprising a
transformer having a primary winding and g sec-
ondary winding, a condenser and a spark gap all
disposed within the plug, sald condenser being
connected to discharge across the spark gap
through the primary winding of the transformer,
sald spark gap being disposed between the con-
denser and the transformer in close proximity
thereto and a pair of igniting electrodes connected
across the secondary winding of the transformer.

WIHLLIAM E. BERKEY.
=ICIIARD LAMPHERE.




