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@ Apparatus for producing spark ignition of an internal combustion engine.

@) Apparatus for producing spark ignition of an internal
combustion engine in which sparks at the spark plugs are
initiated by a high voltage pulse of typically 20KV and are
sustained thereafter by a d.c. voltage of typically 3KV. In one
embodiment the d.c. voltage is produced from a 12 volt sup-
ply by a d.c. to d.c. converter (7), the converter being adapted
to produce a substantially constant voitage irrespective of the
current drain produced by the spark, within given limits. The
converter is also adapted to shut down its operation in the
event of an output short circuit. The converter is disclosed
connected to a lean burn PROCO engine with the result that
only one spark plug per cylinder is required. In an alternative
embodiment the d.c. sustaining voltage is derived directly
from a conventional alternator driven by the engine.
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FIELD OF THE TNVENTION

This inventio

apparatus for producing spark ignition of an internal

combustion engine, and is particularly but not exclusively

concerncd with engines for automobiles.

BACKGROUND TO THE INVENTION

It is well known that the electrical sparks fed to the
spark plugs of an internal combustion engine are usually
produced by means of an ignition coil having its high

voltage secondary winding connected to the engine's spark

Plug through a distributor, the coil having its primary

winding connected to a low voltage source, .typically a
12 volt battery or an alternator system driven by the
engine, An engine driven switching device, typically a
mechanical contacti breaker produces interruptions in the
current flowing the primary winding of the coil and con-
sequentially high voltage pulses are produced in the
secondary winding, which are applied to the spark plugs.

Considerable research has been directed at improving
{fuel economy and reducing pollutant emission of internal
combustion engines. Efforts have been made to devise an
engine which will run satisfactorily with a leaner fuel
to air ratio fed to the cylinders of the engine. Such a
leaner fuel to air ratio reduces fuel consumption but has
the disadvantage that the fuel/air mixture becomes more
difficult to ignite with a conventional spark ignition sys-
tem. . Also, the increased ratio of air to fuel increases
the likelihood of nitrogenous fuel constituents Leing
converted by the combustion into oxides of nitrogen,
hercinafter referred to as NOy. Such NO, products are
difficult to extract from the exhaust of the engine, as
is neccessary if the engine is to comply with pollutant
emission regulations.

In order to reduce NOy exhaust cmission, recent
research hay been directed to recirculating engine exhaust
gascs jnito the engine's cylinders so as to reduce the
ratio of fuel to air in the mixture to be consumed in the

engines, whilst maintaining a lean fuel content in the
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mixture. Such exhaust gas recirculation, hereinafter
referred to as EGR, reduces NOyx emission but cools the
temperature of combustion and makes the combustible mixture
in the engine's cylinders even more difficult to ignite;

Various proposals have been made to overcome the
difficulties of igniting a lean fuel/air mixture. One -
solution involves the redesign of the engine such as
to produce a so-called stratified charge in the cylinders.
In a stratified charge engine, a fuel/air mixt;re has a
non uniform spatial fuel distribution within the cylinder
such that a higher concentration of fuel occurs adjacent
the spark plug than in the most part of the cylinder.

When spark ignition occurs, combustion will occur more
readily in the relatively high fuel concentration adjacent
the spark plug and the ensuing heat of combustion will
cause the combustion to spread to the leaner mixture in the
other parts of the cylinder. One example of a stratified
charge engine is described'in "A New Concept of Stratified
Charge Combustion - The Ford Combustion Process (FCP)"SAE
Paper No. 680041 January 1968. This engine was ﬁeveloped
into the PROCO engine described in "The Ford PROCO Engine
Update"™ SAE Paper No. 780699 August 1978. It will be
seen that in contrast to the FCP engine, the PROCO engine
has an EGR system to reduce NOx exhaust emissions. More-
over it is to be noted that in order to achieve satis-
factory combustion, two spark plugs per cylinder are requircd
with the EGR assisted PROCO engine, thus illustrating the
further difficulties that occur in initiating ignition of

a lean burn mixture when EGR is used. It will be
appreciated that when two spark plugs per cylinder are used,
a complex distributor is required and the overall cost of
the ignition system is increased substantially. Another
problem resulting from the use of two spark plugs per
cylinder is that the PROCO engine concept can only be used
for largec engine capacities of typically 5 litres or morc.
For smaller cngine capacities, there is not enough room in

the cylinder head to receive the spark plugs and the
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necessary valves and injectors used for this type of

engine.

Another proposal for igniting a fuel/air mixture is

shown in U.S. Patent No. 4,033,316 to Birchenough, that

discloses an arrangement in which a high voltage direct
current source is connected in series with the secondary

winding of an ignition coil, in such a manner as to main-

tain the spark initiated by the conventional operation of

the coil. Thus, the spark ignition in the cylinder is

initiated by a typically 20KV pulse produced in a conven-
tional manner by interrupting the current flow in the
coil's primary winding, and the spark is thereafter main-
tained by a high voltage of typically 2 to 4 KV from the
high voltage d.c. source that is commected in series with
the coil's secondary winding, in a manner broadly analogous
to the way in which a welding arc is initiated by a high
voltage pulse and is sustained by a lower voltage direct
current. It is well known that once an arc has been
struck it can be maintained by a voltage less than that
required to strike the arc.

Birchenough states that the voltage required to sus-
tain the spark is generally constant, and that the voltage
current characteristic of the direct current generator
should be such as to deliver a constant current to the
spark.

The circuit shown in Figure 2 of the Birchenough U.S.
Patent achieves this conditiaon by arranging the d.c.
generator to have an output voltage current characteristic
defined by a curve for which a decreased output voltiage
results in an increased current, the maximum current at
low voltage being limited by the output impedance of the
d.c. generator.

I have found that in practice, whilst the voltage
required to sustain the arc does have a generally constant
mean value, it is subject to transistory fluctuations,
these fluctuations occurring during combustion conditions of

high EGR, high comprcssion)high gas swirl rates within the



———— e ————— =

10

15

20

25

30

35

—————— — =

0028899
- 4 - N

cylinder, and extremely lean burn fuel mixtures. During
such a transistory fluctuations both a relatively high
voltage and current may be required to sustain the spark.
However, the d.c. generator of Birchenough delivers a
relatively low voltage at high current levels and accor-
dingly will not sustain the spark during such iransitory
conditions unless the d.c. generator is made more powerful
and accordingly inefficient for the most part of its
operation.

Another problem occurs with the d.c. generator of
Birchenough in the event that a short circuit occurs across
the spark plug or across the output of the generator.

Such a short circuit condition could occur when an engineer
is checking operation of the ignition circuit. It is
common practice to touch the spark plug's lead against

the engine to see if a spark jumps from the end of the
lead.: During such testing a short circuit is likely to
occur across the output of the d.c. generator. Now, the
d.c. generator of Birchenough comprises a free running
oscillator which drives a step up transformer, the output
of which is applied to a diode and capacitor network which
acts as a rectifier and voltage multiplier, to develop a
high voltage d.c. output across an output capacitor. In
the event of a short circuit across the output, the d.c.
generator operates to pump a high current into the

short circuit. As a result the oscillator will

overheat and is likely to fail. The circuit of Birchenocugh
is accordingly dangerous to maintenance engineers. If an
engineer accidentally touches thehigh voltage spark plug
lead, to produce a short circuit, the d.c. generator will
pump a heavy cwurrent into the short, with consequential
hazardous results for the engineer..

Anoilher problem with the Birchenough circuit is that
the operation of the high voltage d.c. source produces
substantial erosion rates of the spark plugs' electrodes
and the electrodes of the distributor and its associated

rotor arm. This problem is particularly serious if the
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energy supplied by the d.c. generator is selected to be
high enough to maintain the spark during combustion with
high EGR rates and high combustion gas swirl for lean
burn fuel mixtures.

A further problem with the Birchenough circuit is
that the output capacitor of the d.c. generator will
remain charged for a substantial time after the circuit
has been switched off. Thus, if an engineer touches the
output of the ignition circuit even after the circuit has
been switched off, he is liable to receive an electric
shock.

OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the invention to provide an improved

ignition system for a lean burn engine.

It is another object of the invention to provide an
ignition system that will pProvide satisfactory combustion
of an internal combustion engine provided with an EGR

system.

It is a further object of the invention to provide an

ignition system in which the sparks produced by the spark
plugs are initiated by the conventional operation of an
ignition coil and are thereafter sustained by the use of a
d.c. generator, the d.c. generator being so adapted as to
sustain the sparks even during the aforesaid transitory
arc sustaining voltage and current fluctuations.

It is yet another object of the invention to provide
such a d.c. generator which does not pump heavy current
into an output short circuit, and which is less likely to
produce dangerous electrical shocks to maintenance
engineers.

A further object of the invention is to provide a
stratified charge internal combustion engine having an
EGR system, with an ignition system including only one
spark plug per engine cylinder.

Yet another object of the invention is to provide a

PROCO engine with an ignition system having only one spark

plug per cvylinder.
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Yet a further object is to provide an ignition system
which aids in permitting smaller size PROCO engines to be
constructed.

From one aspect the invention provides an apparatus
for producing spark ignition of an internal combustion
engine in which sparks across the spark plugs are initiated
by an electrical pulse and are thereafter sustained by the
use of a d.c. generator which applies a sustaining voltage
to the plugs, the generator being characterised in that
it is adapted to produce a substantially constant voltage
over a predetermined range of current values supplied thereby
to sustain the spark, and to cease operation capable of
sustaining the spark in the event that the current supplied
thereby to the spark plug exceeds a predetermined maximum
value. The d.c. generator has the advantage that because
the voltage thereof remains substantially constant, the
generator will sustain sparks even under conditions of high
EGR, gas swirl load and extremely lean burn. If the
spark demands a transitory high current, the voltage of the
generator can deliver the current without the voltage
dropping below the arc sustaining voltage.

Also, because the generator will cease operation when
the current exceeds a given maximum value thereof, the
generator will not pump a heavy current into a short circuit,
and thus dangers to maintenance engineers who accidently touch
the spark plug leads, are reduced substantially. Also,
in the event of an output short circuit, the generator will
not overheat or fail. ’

In accordance with a preferred feature of the invention,
the d.c. generator develops its output voltage across a
capacitor which is shunted by resistance elements to allow
the capacitor to discharge when the generator is inoperative.
In this way, the capacitor will dissipate the charge which
might otherwise give an electrical shock to a maintenance
engineer.

From another aspect the invention provides an apparatus

for producing spark ignition of an internal combustion
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engine in which the spark sustaining voltage produced by
the d.c. gencrator is of a selectively variable level, the
level being alterable in dependence upon operating para-
meters of the engine, with the advantage that relatively
high spark energies need only be used for extreme combus-
tion conditions and lower spark energies can be used at
other times, so that spark plug electrode erosion is
reduced.

From yet another aspect the invention provides an
improved ignition system on a stratified charge lean
burn engine, particularly but not exclusively a PROCO
engine, in which sparksacross spark plugs in combustion
chambers in the engine are initiated by electrical pulses
and are thereafter sustained by the use of a d.c. generater
which applies a spark sustaining voltage to the plugs.

In accordance with this aspect of the invention only one
spark plug per combustion chamber is provided, since in
accordance with my invention satisfactory ignition can be
achieved with only one spark plug, without any reduction
in fuel economy and with an improvement in exhaust pollu-
tion reduction, Furthermore, with my invention the '
stratified charge engine can operate at high EGR rates
without the occurrence of substantial harsh running.

Further features objectis and advantages of my inven-
tion will appear from the following description of
embodiments thereof given by way of illustrative example
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a schematic diagram of an apparatus for
producing spark ignition in accordance with the invention;
FIGURE 2 illustrates in more detail the circuit
diagram of a d.c. generator shown in FIG. 1;

FIGURE 3 shows waveforms 1illustrative of operation of
the d.c. generator; FIG. 3A showing the current in the
primary winding of the transformer T1 of FIG. 2; FIG. 3B
showing the voltage induced in the secondary winding of

the transformer T1; and FIG. 3C illustrating the voltage
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current oufbut characteristic of the generator 7;

FIGURE 4 illustrates a modification of the apparatus
of FIGS. 1 and 2 in which the voltage produced by the
generator 7 is controlled in dependence on operating
parameters of the engine to reduce spark plug erosion;

FIGURES 5 to 7 illustrate alternative arrangements
to the circuit of FIG. k4; '

FIGURE 8 is a schematic circuit diagram of an
arrangement permitting a separate inductance to be connected
in series with the spark plugs;

FIGURE 9 is a schematic arrangement which allows the
d.c. generator to be used as an add-on unit for a conven-
tional ignition system. )

FIGURE 10 is a sectional view of a cylinder of a
PROCO engine;

FIGURE 11 is a sechmatic top plan view of the cylinder
head of the PROCO engine;

FIGURE 12 is a schematic sectional view of a PROCO
engine adaptied to have an ignition system according to the

invention, and which has only one spark plug per cylinder;

Vand

FIGURE 13 is a schematic diagram of another example

of the invention which utilises a conventional alternator.

%

it
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DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to FIGURE 1 there is shown a spark pulse

generating means which includes an ignition coil 1,

a current
control means 2 which controls a low voltage current flow-

having Primary and secondary windings la, 1b,

ing in the primary winding, and an engine driven spark

timing control means 3 which drives the current control means

2. The current control means 2 is adapted to Produce a

rapid rate of change of current flow in the pPrimary winding
la in response to operation of the timing control means 3,

so as to induce in the secondary winding 1b g high voltage

pulse of typically 20-40 Kv. This high voltage pulse is

capable of producing spark ignition in an internal combus-
tion engine and the pulse is applied through a distributor
4 which may be any of the well known types, to spark plugs 5

installed in cylinders of the engine (not shown).

The current control means 2 and the timing control means

3 may be constituted by a conventional contact breaker driven
by a cam in the distributor b, which switches a nominally

12 volt supply from the engine's usual battery/alternator
arrangement (not shown) on line 6, to interrupt the current
flow and produce a rapid rate of change of current in the
primary la. Alternatively, the current control means can
be a semiconductor switch,which may operate to discharge a
capacitor through the primary winding la. Also, the spark
timing control means 3 may be constituted by a known
photoeclectric, infra-red or like detector responsive to the
angular position of rotation of the cngine,

Thus, in operation of the spark generating means, high
voltage pulses are produced in the coil's secondary winding
1b in response to successive operations of the spark
timing control means 3, these pulses being appropriately
applied by the distributor 4 to successive ones of the
spark plugs 5 so as to establish sparks in successive ones
of the cylinders and thereby ignite fuel/air mixture in the
cylinders.

Additionally, a d.c. generator 7 is provided, connected

in series with the sccondary winding ib. The gencrator 7

applies to the spark plugs 5 a dfc. voltage capable of
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sustaining a spark across the spark plugs after the high
voltage spark initiating pulse produced by operation of
the circuit 2 has died away to a level incapablc of
maintaining the spark. The d.c. generator 7 comprises -
a d.c. to d.c. converter arranged to generate a high
voltage output of nominally 3KV from the low voltage
supply on line 6. The generator 7 produces a rectified d.c.
output on line 8, which is fed through the secondary ib
of the coil to the distributor 4 and hence to the spark
plugs 5. The output voltage of the generator 7 is of a
magnitude selected to sustain but not initiate a spark

across one of the spark plugs5, and the generator is per se

capable of producing a continuous voltage of such a magnitude.

Once the spark has been initiated by a high voltage pulse
produced by operation of the current control means 2, the
spark can be sustained by a somewhat lower voltage, and the
d.c. generator 7 is suitable for providing such a sustaining
voltage. The fact that the spark sustaining current is
supplied by a separate generator 7 provides the advantage
of allowing much greater spark currents to be established
for longer periods of time, which provides for improved fuel
burning and results in improved fuel economy and/or a
reduction in pollutant emission.

In the forms of the invention described herein the
generator 7 develops a continuous output voltage and each
spark is extinguished either by operation of the distributor
to0 disconnect the applied sustaining voltage and connect it
to a subsequent spark plug, or by wvirtue of the increased
gas pressure produced in the cylinder by the combustion
initiated by the spark. The increased gas pressure
presents an increasecd electrical impedance to the arc
established between the spark plug electrodes, and the
voltage level produced by the gencrator 7 can be appro-
priately selected so that the increased gas pressure will
cause the spark automatically to extinguish when the gas
pressure rises to a given level indicating that satisfactory
combustidn has- occurred in the cylinder. Thus, when the

given pressure level is rcached in the cylinder, thec voltage

£



10

15

20

25

30

0028899
- 11 -

produced by the generator 7 is insufficient to maintain
the spark, and the Spark will terminate automatically.
In an alternative arrangement, the d.c. generator 7
is switched off and on again so as to terminate the spark.
Because the generator 7 is per se capable of produc-
ing a continuous high voltage output, the period that the

generator 7 can be switched to supply the spark sustaining

voltage to the sparks, can be selected independently of

the characteristics of the circuit of the generator 7 and
thus the duration of the output voltage can be selected
for example to be from a few milliseconds to an effectively
infinite duration. This arrangement allows the spark
duration to be controlled independently of the characteris-
tics of the circuit, and allows the current flowing

through the arc established across the spark plug to be
substantially constant during the entire period that the
spark is sustained by the voltage from the generator 7-
Accordingly, the system of the invention allows the spark
duration to be extended and energy to be increased which
improves engine combustion.

The d.c. to d.c. converter circuit of the generator 7
will now be described in more detail with reference to
FIGURE 2. The circuit of the generator 7 is shown within.
a hatched outline and its interconnections to the rest of
the ignition circuit are shown schematically. The
circuit comprises an oscillator stage 9 which drives a
step up transformer T1, the output of the transformer
being fed to a voltage multiplier and rectifier stage 10.

The oscillator stage 9 is powered from the low voltage
12 volt supply line 6 through an interference filter
network comprising capacitors C1 to C3 and an inductor Li.
The filter network prevents spurious transients on the line
6 from disturbing the oscillatorycondition of the oscillator
stage 9. The transformer T1 has a primary winding with
winding portions 1la, 11b and a centre tap CT, a fecdback
winding 12, a secondary winding 13 and a saturable core 14.

Transistors TR1 and TR2 are arranged to control the current
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flowing from the rail 6 in the primary winding portions
11a, 11b respectively, the bases of the transistors
receiving a bias switching voltage derived from the feed-
back winding 12, through a biasing resistor R1 and diodes
D1 and D2.

Operation of the oscillator will now be described
with reference to the waveform diagrams of FIGURES -3A and
3B.
A current flows from the line 6 through the winding por-

Assume that the transistor TR1 is conducting.

tion 11a from the centre tap CT, the current buildfng up
substantially linearly at a rate determined substaﬂtially
The
resulting current ramp in the winding portion 11a is
at 15 in FIG. 3A. The effect of this substantially

stant rate of change of current in the winding is to

by the inductance of the winding portion 11ia.
shovmn
con-
induce
which
TR1

state.

in the feedback winding a generally constant voltage
is of such a polarity to bias the base of transistor
appropriately to hold the transistor in a conducting
As the current flowing in the winding portion 11a builds -
up, the core 14 becomes saturated with magnetic flux, and
As a result the

voltage across the feedback winding rapidly collapses,

the current can increase no further.

and the bias voltage to the transistor TR1 decreases,

which decreases the current flow in the winding portion 1ia,
thereby inducing an opposite polarity bias voltage across
the feedback winding 12. This opposite polarity bias
voltage rapidly switches on transistor TR2 and turns off
the transistor TR1, The current then builds up in an
opposite sense in the winding portion 11b until the
core 14 saturates, in the manner shown at 16 in FIG. 3A,
at which time transistor TR1 will again switch on and
transistor TR2 will s#itch off. The circuit will oscillate
in this matter. The current ramps such as 15 and 16
induce in the transformer secondary winding respective
positive and negative voltages, such as 17 and 18 shown in
FIG. 3B, the voltages being stepped up relative to the
voltage applied to the primary winding portions ‘11 in

dependence of the turns ratio of the primary winding
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portions and secondary windings 11, 12, Under a no load

condition for the converter 7, switching transients occur

in the oscillator which result in voltage spikes 19 (FIG. 3B)

occurring on the voltage waveform of the secondary winding 12.
The voltage multiplier and rectifier 10 comprises fast

recovery diodes D3, D4 which respectively pump charge into
series connected capacitors Ch4, C5 during opposite polarities
of the voltage on the winding 13, Thus, when the output
voltage across winding 13 is positive diode D4 conducts and
charges capacitor C5, and when the output voltage is negative
capacitor C4 is charged through diode D3. Since the capaci-
tors are series connected, the output across both of them
constitutes a doubling of the positive voltage swing across
the winding 13, A final output capacitor C6 is connected in
parallel with the capacitors C4, C5 for smoothing purposes.
Connected in parallel with the final output capacitor is a
resistor chain R2, R3 which contributes to smoothing the
output and which also provides a discharge path for the final
output capacitor C6. A function indicator 20, typically a
neon tube, is connected in parallel with the resistor R3 to
indicate that the generator 7 is operative.

The voltage current characteristic of the output of the
generator 7 that is fed to the line 8, is shown in FIG. 3C
as a curve 21, It will be seen that the generator 7 delivers
a substantially constant vnltage over a predetermined range
of current. Thus when a spark is struck across a spark
plug 5, the generator 7 will maintain a constant voltage
irrespective of the current demand defined by the impedance
of the arc, up to a maximum value of current 22 (FIG. 3C).
The current value 22 is defined by the point at which the
bases of TR1 and TR2 no longer saturate, this being adjus-
table by adjusting the value of resistor R1. Currents above
the value 22 indicate a short or other fault condition at
the spark plug, and the generator is arranged to shut down
operation automatically if such a condition occurs. The
occurrence of such a short circuit is reflected back to the
output winding 13 of the transformer T1 (FIG. 2) such as

to alter the inductance of
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the transformer and prevent the oscillator 9 from working.
Another useful feature of the generator 7 can be seen from
FIG. 3C. Before a spark is struck across one of the f
spark plugs, substantially no current is drawn on line 8
from the generator 7. Under such a condition, the
capacitor C6 (FIG. 2) becomes charged to a voltage substan-
tially equal to twice the value of the voltage spikes 19.
This relatively high voltage from the generator 7 aids in
striking the sparks at the spark plugs 5, since this voltage
adds itself to the high voltage pulses iﬁduced in the
secondary winding 1b of the coil. After the spark has been
struck, current is drawn from the generator 8 and the
voltage spikes 19 become integrated by the capacitors Ci

to C6 with the result that output voltage on line 8 drops
onto a substantially constant plateau depicted in FIG. 3C,
and which is substantially equal to twice the voltage level
the waveform 17 (FIG. 3B).

The voltage current characteristic of the generator 7
has the advantage of enabling the generator to sustain the
spark under conditions of extreme lean burn combined with
substantial rates of EGR and gas swirl within the cylinders of
the engine. Under such conditions the impedance of the arc
can undergo substantial transitory fluctuations, so as to
draw an increased current from the generator 7. I have
found that to sustain the arc iﬁ these extreme conditions,
the generator must be able to deliver an appropriate
current to the arc without allowing the voltage applied
to the arc to drop. If the voltage drops below a certain
level, even momentarily, the arc will become extinguished
and will not be re-~kindled unless another 20 KV pulse is
applied from the ignition coil. In FIG. 3 there is shown
in hatched outline the voltage current characteristic of
generators of the type described in the prior Birchenough
U.S. Patent No. 4,033,316. It will be seen that if the
arc momentarily demands a relatively high current, the
voltage applied by the generator will drop. Thus, the

arc would either become extinguished or if the generator of
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Birchenough were designed to operate satisfactorily under
these conditions, it would consume much more power and

would normally deliver unnecessarily high voltages to
the spark plugs.

It is to be noted that the generator 7 has a low component
count and is therefore cheap to produce and more reliable.
Anotheradvantage of the generator 7 is that in the
event of an engineer touching the spark Plug lead to produce
a short circuit, the oscillator 9 of the generator becomes

damped and ceases operation. In this way a condition

is avoided in which the generator bumps a heavy current into

the short circuit. Clearly such a condition would be

hazardous to the engineer and would also be likely to cause
the generator to overheat and fail.

A further safety feature of the generator 7 is that
the output capacitor C6 (FIG. 2) is shunted by resistors
R2, R3 so that ijits charge can dissipate when the engine
is turned off.

Without this shunt the capacitor C6 would retain its
charge for a considerable period of time so that if an
engineer was to work on the engine, he could receive an
electric shock from the capacitor Cb6 through the ignition
leads. Also with the present generator 7, the neon 20
will readily indicate to him not only if the system is
operative but also if a charge remains on the capacitor
cé.

A feature of the ignition system just described is
that substantially increased mean spark energies are
achieved compared with a conventional contact breaker
ignition)by means of the currents injected into +“he
sparks by the generator 7. When substantial EGR or extreme
lean burns are utilized in an engine, the spark energies
need to be substantial if reliable ignition is to be
achieved. A disadvantage that can occur is that the
increased spark energies can cause unacceptable erosion
rates of the spark plug electrodes and the electrodaes of

the distributor 4. In accordance with a feature of my
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invention the energy level of the sparks can be selected
in dependencé upon operating parameters of the enginé'such
that higheér en?rgy sparks are only produced when extreme
cdnditions.occur. In this way, the mean energy of the
sparks can be reduced without detracting from the improved
engine running characteristics that result from the
invention. An example of such an arrangement is shown
in FIGURE 4. This Figure shows the generator 7 coupled
in series to the ignition coil, much as shown in FIGURE 2,
but additionally shows a relay 23 which is used to switch
the voltage applied to the oscillator 9. The relay 23
has a coil 24, and contacts 25 which are shunted by a vol-
tage dropping resistor RA4. Normally the contacts 25 are
open as shown in the drawing, such that a portion of the
12V supply to the oscillator 9 is dropped across the resis-
tor R4, thereby reducing the voltage developed across the
primary winding 11 to a value less than 12 volts. As a
result the high voltage d.c. output developed on line 8
is reduced below its maximum value. However, when the
contacts 25 of the relay close, the resistor R4 is shorted
out and the voltage applied to the oscillator 9 increases
with the result that the d.c. output voltage on line 8
achieves its maximum value. a
The relay is controlled by a logic circuit 26 which
typically provides a switching path to earth for current to
flow through the relay coil 24. The logic circuit is
responsive to sensed operating parameters of the engine shown
schematically at 27. The logic circuit 26 determines
when operating parameters of the engine indicate that
extreme combustion conditions occur, and the circuit 26
switches the relay 23 accordingly. As shown in FIGURE i,
the engine is provided with an EGR system in which the
gas flow rate is controlled selectively by a control 28.
As will be appreciated by those skilled in the art the
EGR rate is typically controlled as a function of inlet

manifold vacuum level. The logic circuit 26 is responsive
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to the EGR rate.

The logic circuit 26 is also responsive to a fuel
control 29 which determines the fuel mixture strength.
In an engine aspirated by a conventional carburettor, the
logic circuit would be responsive to the setting of the

conventional choke whereas with a stratified charge engine

provided with fuel injectors, the flow rate of fuel to
the injectors would be monitored.
The logic circuit 26 is also responsive to the

engine temperature as sensed by a temperature sensor 30.
Thus, when these parameters jointly or severally define a
condition known to represent extreme combustion conditions,
the relay 23 is switched to provide a maximum output
voltage on line 8, but otherwise the output voltage is
switched to a lower level, with a consequential minimization
of spark plug electrode erosion.

FIGURES 5 to 7 illustrate alternative ways in which
the relay 25 can be connected to the d.c. generator 7.

In FIGURE 5, the dropping resistor R4 is comnected in the
12 volt supply rail 6 rather than in the earth return.

In FIGURE 6, the dropping resistor is connected in the
high output voltage line 8 of the generator 7. In
FIGURE 7 the dropping resistor is connected in the earth
reference line of rectifier output stage 10 of the
generator.

In the above described embodiments of the invention,
the d.c. generator 7 is connected in series with the
secondary winding 1b of the ignition coil. This arrange-
ment has the advantage that the inductance of the secondary
winding 1b acts to increase the sustaining voltage above the
level set by the generator 7 in response to increased arc impedance
that occurs for example during high gas swirl. In certain
circumstances, the inductance of the secondary 1b may not
be sufficient for this purpose and it may be desirable to
use a separate inductor to define the ballast.

FIGURE 8 shows an arrangement in which a separate
inductor coil L2 is connected in the line 8 rather than

using the coil winding 1b as the ballast inductance. A
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voltage isolating means 31 is provided in series with the
coil's secondary winding 1b in order to prevent the d.c.
current from the generator 7 from flowing through the
winding to earth in preference to flowing to the spark
plugs through the distributor £,

The voltage isolating means 31 is also adapted to
allow operation of the ignition coil 1 such that a high
voltage pulse induced in the secondary winding relative
to earth can flow to the spark plugs. The voltage isola-
ting means 31 in one form comprises a capacitor which
blocks direct current flow from the generator 7 to earth
through the winding 1b. The voltage isolating means can
also comprise a spark gap across which pulses induced in
the secondary 1b will jump, or a high voltage diode.

In the above described embodiments, the ignition coil
1 is shown to have four terminals, two for each winding.
Such a coil can be made at low cost by adapting the manufac-
tureof a conventional ignition coil. A conventional
ignition coil has three terminals such that one end of each
of the primary and secondary windings are provided with a
respective terminal and the other ends thereof are comnected
to a common terminal for connection to earth. If it is
desired to use the dc generator 7 as an add-on unit for an
existing conventional ignition system, the circuit arrange-
ment as shown in FIGURE 9 may be used.

In FIGURE 9 a conventional three terminal coil 32 is
shown, having primary and secondary windings 32a, b each
with their own terminal 33, 34, and a common earthed
terminal 35. The d.c. generator 7 is coupled to the
conventional coil and distributor 4 by means of the ballast
inductor L2 and the aforesaid voltage isolating means 31
connected in series between the generator 7 and the coil's
secondary winding 1b. The voltage isolating means 31
serves to direct the current from the generator 7 to the
distributor 4 and hence to the spark pulgs rather than
allowing it to flow through the secondary coil 32b to

carth. The voltage isolating means 31 however allows the
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high voltage pulses induced in the winding 32b to pass to

the distributor 4., Ag Previously stated, the isolating

means can for example comprise a capacitor,
a diode.

a spark gap or

It will be appreciated that different combinations of
the circuit features just described can be utilized. For
example any of the voltage level switching arrangements
shown in FIGURES 4 to 7 could be used with the circuits of
FIGURES 8 or 9.

The generator 7 thus can be used with conventionally
aspirated engines to achieve improvements in fuel economy
and pollutant emission reduction, as will be illustrated by
example hereinafter, and also provides for similar improve-
ments with engines provided with EGR, which may or may not
be conventionally aspirated with a carburettor.

As previously mentioned, one aspect of the invention
concerns stratified charge engines and an example of the
invention will now be described in relation to the Ford
PROCO engine in order to illustrate the advantages achieved
thereby.

Development of the Ford PROCO engine can be seen from
"Exhaust Emission Control by the Ford Programmed Combustion
Process - PROCO" SAE Paper No. 720052 January 1972, and from
the previously mentioned SAE Paper No. 780699 - "The Ford
PROCO Engine Update".

A schematic illustration of the PROCO engine is shown
in FIGURES 10 and 11. The engine has a high compression
ratio of typically 11:1 and operates with a lean fuel to
air ratio of typically 15:1. Referring to FIGURE 10,
which shows a sectional view of one cylinder of the engine,
an engine block 36 is bored with a cylinder 37 which receives
a piston 38 formed with a dished combustion chamber 39.

A cylinder head 40 is bolted onto the block 36. The head
40 receives two spark plugs 41, 42 and also a fuel injector
43 that injects fuel directly into the cylinder such as to
establish a stratified charge therein. The engine has a

EGR system (not shown) in order to reduce NOx emission,
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The layout of the cylinder head in plan view is shown
schematically in FIGURE 10, from which it will be seen that
the head includes inlet and outlet valves 44, 45 for air
and EGR, and an inlet manifold 46. The inlet manifold 46
and the inlet valve are arranged to establish a swirling
gas motion within the cylinder, the gas motion being
indicated schematically by the arrows 47, 48.

It has been found necessary to use two spark plﬁgs
per cylinder with a PROCO engine because unsatisfactory
combustion otherwise results at conditions of high load
and high EGR. As a result a complex distributor is
required and the overall cost of the ignition system is
undesirably increased. Also, as can be seen from FIGURE
11,  the cylinder head 40 becomes rather crowded with
components, which makes it difficult to design an engine
of this type with a capacity of less than 5 litres, since
the size of the head then is too small to receive all of
the required components.

I have found that a PROCO engine can be made to run
satisfactorily with only one spark plug per cylinder when
an ignition system of the kind shown in FIGURE 1 is used
therewith. Such an arrangement according to the invention
is shown in FIGURE 12 where it can be seen that the engine
has been modified to have only one spark plug 42 which
receives a spark initiating pulée from a spark generating
means and a spark sustaining voltage thereafter from a
d.c. generator, as described with reference to FIGURE 1 et
seq. The improvement achieved can be seen from the results
of a test given below, in which a single cylinder of a
PROCO engine was run with a) two spark plugs b) one spark
plug and c) one spark plug with the ignition system of the
invention; the other plug opening being blanked off.

In the results of test c) the system of the

invention is referred to as the BWU ignition system. The
tests were performed without attempting to optimize the
settings of the engine for the BWU system except that a ne

ignition timing retardation was introduced relative to the

-y
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the optimum setting for the 2 plug PROCO engine. It is
believed that further improvements in HC(hydrocarbon) and
CO(carbon monoxide) exhaust emissions can be achieved

when further optimization of the engine operating parameters
is achieved.

TABLE 1
e ———————
Test Results - 5> Litre PROCO Engine
4000 1B T.w. 12 P.A.U, 2.75 Rear Axle
Test Emissions-GPM Economy
Type HC Cco NOx MPG Remarks
Cold .24 .6 .68 16.9 PROCO dual plug baseline
Start
(C/H)
Hot .11 .2 .52 17.7 X-5 plugs, .020" gap, 2
Start test average
(H/S)
C/H 20 <3 .69 16.4 BwWU system, X-7 0.B. plug
H/S .12 .1 .57 16.9 Dummy I.B. plug, .035"
gap, 1 test
C/H .20 .2 .59 16.5 BWU system, same as above
H/S .12 .1 .50 17.2 Configuration but ignition
timing retarded 49 -~ 2 test
average
H/S 06 .1 74 16.0  PROCO single 0.B., X-7,
.035" gap. Rough enginc,
weak drive, standard
ignition timing
H/S .11 .2 .53 17.7 BWU system, 40 retard
Hot .33 WA .82 . 17.6 PROCO, single 0.B. ignition,
Transient 4o retard
Hot .26 A4 .65 18.3 BWU system, #4° retard

Transient
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Driveability Evaluation

-
.

PROCO dual PROCO single BWU system single

! Plug (.020" plug (.035" plug (.035" gap)
gap) - gap)
Cruise . Steady Slightly Steady
‘ Rougher

Medium Load Slight - Noticeably Steady to slight
(10" servo Roughness Rough roughness
vacuum)
Heavy Load Steady, Noticeably Steady, harsh with
(5" servo slight rough/weak standard timing:only
vacuum) harshness slight harshness

with 4° retard

Test Conclusions
1. The BWU system is comparable to the standard

PROCO 2 plug system on emissions and has a comparable
fuel economy. -
2. The BWU system is better than a PROCO single
plug system on both emissions and fuel economy.
3. The BWU system is at least as good as the PROCO
2 plug system on driveability and a significant improve-

ment compared to a PROCO single plug system.

The BWU system provides for increased EGR tolerance.
On test the standard 2 plug PROCO engine would run to a
predetermined minimum misfire rate limit with an EGR flow
rate of 66% relative to the flow rate of fresh inlet gas.
However with 1 plug and the BWU system, the PROCO ran to
103% EGR before the misfire limit was approached.

As previously mentioned, the ignition system of the
invention also provides for substantial fuel economies with
conventionally aspirated engines, with or without EGR.
Given below in Table 2 is the results of tests perflformed

with three different capacity conventional engines.

e
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TABLE 2
Test 1 2.3 litre engine
Emissions gpm Fuel Highway
HC L0 NOx Consumption Fuel
(m.p.g.) Consumption
Baseline 172 3.48 1.12 18.40 24,75
BWU Ignition .160 3.17 1.16 19.81 25.91
S.H.U. (+8%) (+5%)
BWU Ignition .301 2.29 1.82 21.09 28.30
T.0.0. (+15%) (+14.43%)
Test 2 3.3 1litre engine
Emissions gpm Fuel Highway
HC <o NOx Consumption Fuel
(m.p.g.) Consumption
Baseline .289 1.71 1.28 18.30 23.14
BWU Ignition .52 2.28 1.11 19.06 23.57
S.H.U. (+4%) (+2%)
BWU Ignition .25 1,46 1.73 19.97 25.03
T.0.0. (+9%) (+8%)
Test 3 5.0 litre engine
Emissions gpm Fuel Highway
HC co NOx Consumption Fuel
(m.p.g.)  Consumption
Baseline .383 2.15 .99 16.97 21.97
BWU . Ignition  .341 2.32 .70  17.06 23.35
S.H.U. (+5%) (+6.28%)
BWU Ignition .347 2.48 .73  19.11 24.92
T.0.0. (+12.6%) (+10.15%)
S.H.U.: Straight hook only (no other alterations).
T.0.0.: Timing optimizing only.

The tests were performed over 4,200 miles. The figurcs
in brackets show the overall fuel economy improvement given
by the BWU system in percentage terms relative to a baseline
defined by a comparable run of the engine with its conven-

tional ignition system.
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An advantage of the d.c. generator 7 described with
reference to Figure 2 et seq is that it is eminently suitable

to manufacture in mass production. It has a high con-
version efficiency of greater than 90% which is achieved with
a low component count,.
Another practical form of the d.c. generator 7 is shown
in FIGURE 13. This form of the generator derives the
high voltage applied to sustain the sparks, directly from
the usual alternator fitted to the engine to power the
usual ancillary engine circuits. = Referring to FIGURE 13,
an engine 50 is shown driving an electrical alternator 51 by
means of a belt 52, in a conventional manner. The
alternating voltage from the alternator 51 is fed to the
usual rectifier and voltage regulator shown schematically
at 53, which supplies a normal 12 volt d.c. supply to
ancillary electrical circuits 54, such as for example the low
voltage circuits connected to the primary winding 1a of the
coil 1. Additionally, and in accordance with the invention,
the output of the alternator 51 is fed to an isolating and
step up transformer 55 and thence to a rectifying and
smoothing circuit comprising a diode D5, a capacitor C7 and a
resistor RS5. The rectifier arrangement provides an output
voltage of nominally 3KV for appiication on line 8 through
the secondary winding of the coil 1b to sustain the sparks,
in the manner described with reference to FIGURE 1.
Optionally, the circuit can include a voltage level
switching arrangement, much as described with reference to
FIGURE 7. Thus, refering to FIGURE 13, there is shown a
logic circuit 26 which switches current to operate the
relay coil 24 and contacts 25 in the manner described with
reference to FIGURE 7. Thus, normally, the voltage dropping
resistor R4 reduces the output voltage on line 8, but when
the relay operates to shut the contacts 25, the resistor
R4 is shunted and the output voltage on line 8 is increased.
Clearly the arrangement of FIGURE 13 and be used with
a conventionally aspirated engine, with or without EGR, and
can also be used with a stratified charge engine such as
the PROCO.
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CLAIMS:

1. Apparatus for producing spark ignition of an internal
combustion engine wherein combustion is effected by means of
a spark plug in a cylinder of an engine, said apparatus
comprising:

spark pulse generating means for applying to the spark
plug an electrical pulse capable of initiating a spark across
the spark plug; and

a d.c. to d.c. converter capable of producing a con-
tinuous output voltage for application to the spark plug to
sustain sparks established by said spark pulse generating
means, said converter being adapted to produce substantially
constant voltage over a predetermined range of current values
supplied by the converter to sustain the spark, said converter
being arranged to substantially cease operation in the event

that the current supplied by the converter exceeds a pre-

determined maximum value.

2. Apparatus as claimed in claim 1 wherein said d.c. to
d.c. converter compris?s&
a) a step up traﬂsformer having a primary a secondary
and a feedback winding, and a saturable core
b) semiconduetor switching means coﬁpled to said
primary winding and to said feedback winding so as
to define an oscillator to produce an oscillatory
current flow in said primary winding that saturates
said core with magnetic flux whereby to induce an
oscillatory stepped up voltage in said transformer
secondary winding
c) rectifying means coupled to said transformer
secondary winding and arranged to produce a
rectified output voltage for application to the .
spark plug, and 7
d) +the converter being so arranged that in the event
said output voltage is shorted to earth the

oscillator becomes damped and substantially
ccases operation.



0028899

3]

3. An internal combustion engine provided with a spark
ighition system wherein combustion is effected by mecans of a
spark plug in a combustion chamber of the engine, comprising:
a) an ignition coil having primary and secondary
windings the output of the secondary winding
"being arranged to supply high voltage pulses to
the épark plug
b) a relatively low voltage supply
c) means responsive to said low voltage supply and
arranged to produce in said primary winding a
rate of change of current for inducing in said
secondary winding voltage -pulses suitable for
initiating a spark at said spark plug, and
d) a d.c. to d.c. converter capable of producing
a continuous output voltage for application to
the spark plug to sustain a spark established by
one of said voltage pulses whenthe pulse is no
longer capable of maintaining the spark, said
converter comprising:
a step up transformer having a primary a secondary
and a feedback winding, and a saturable core}
semiconductor switching means coupled to said
primary winding and to said feedback *inding so
as to define an oscillator to produce an oscilla-
tory current flow in said primary winding that
saturates said core with magnetic flux whereby to
induce an oscillatory stepped up voltage in
said transformer secondary winding;
rectifying means coupled to said transformer secon-
dary winding and arranged to produce a rectified
output voltage for application to the spark plug;
and
the converter being so arranged that in the event
said output voltage is shorted to earth the

oscillator becomes damped and ceases operation.

4, An arrangement as claimed in claim 3 including a voltage

muliiplier stage connected to the output winding of the
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transformer, to produce a rectified multiple of the
oscillatory voltage developed across the output winding, an
output capacitor arranged to be charged as a function of said
rectified multiple voltage produced by the voltage multi-
plier stage, and resistor elements connected in parallel with

said output capacitor to provide therefor a discharge path
when the converter is inoperative.

5. An arrangement as claimed in claim 4, including function

indicator means to indicate that said converter is operative.

6. An arrangement as claimed in claim 5 wherein said
function indicator means comprises a neon tube connected in

parallel with said output capacitor.

7 An arrangement as claimed in claim 3 including sensor
means. for providing an output indicative of an engine opera-
ting parameter, and means responsive to the output of the
sensor means and arranged to control the magnitude of the

output of said d.c. to d.c. converter such as to minimise

spark erosion of the spark plug.

8. An arrangement as claimed in claimed in claim 3 wherein
a separate inductor coil is connected in series with and
between the output of said d.c. to d.c. converter and the
secondary winding of said ignition c¢0il, a spark plug

output for connection to the spark plugs is taken at the

_series connection of said separate coil and said secondary

winding of the ignition coil, and voltage isolating means

is provided to permit said high voltage pulses induced in
the secondary winding to pass to said spark plug output,
said voltage isolating mecans also being adapted to cause
current from the d.c. to d.c. converter to flow to said
spark plug output rather than through said secondary winding

of the ignition coil.

9. An arrangement as claimed in claim 8 wherein said
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ignition coil has four terminals each of which is connected
to a respeclive end of said primary and sécondary windings,
and wherein onc terminal of the secondary winding is '

connected to earth through said voltage isolating means.

10. An arrungement as claimed in c¢laim 8 wherein said
ignition coil has three terminals, a first and a second

of which are connected to respective ends of said primary
and secondary coil windings, the third terminal being
connected in common to the other two ends of said windings,
said third terminal being earthed, and said voltage
isolating means is connected to said second terminal and to

said spark plug output,

11. An arrangement as claimed in claim 8 wherein said
voltage isolating means comprises electrodes defining a

spark gap.

12. An arrangement as claimed in claim 8 wherein said

voltage isolating means comprises a diode.

13. An arrangement as claimed in claim 8 wherein said

voltage isolating means comprises a capacitor.

14, An internal combustion engine including

a) a combustion chamber;

b) a spark plug for producing spark ignition in
said chamber;

c) spark pulse generatiné means for applying
electrical pulses to the spark plug in a
timed relationship dependent upon operation
of the engine, said pul;es being capable of
initiating sparks across the spark plug;

d) generator means capable of producing a continuous
oﬁtput voltage for application to the spark plug
so as to sustain the spark established by the
spark pulse generating means after the pulse
generated thereby is no longer capable of

LBAD ORIGINAL _@

maintaining the spark;
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e) sensor means for providing an output indicative
of an operating parameter of the engine;

T)

means responsive to said output of the sensor
means and arranged to control the magnitude of
the output voltage of said generator means in
such a manner as to tend to minimise spark

erosion of said spark plug.

15. An engine as claimed in claim 14 including an EGR systiem
and wherein said sensor means includes means responsive to
the EGR rate of the engine.

16. An engine as claimed in claim 14 or 15 wherein said

sensor is responsive to the strength of fuel mixture supplied

to the engine.

17. An engine as claimed in claim 14, 15 or 16 wherein

said sensor means is responsive to engine temperature..

18. An engine as claimed in claim 14 including a relatively
low voltage supply, and wherein said generator means comprises
a d.c. to d.c. converter including, a step up transformer having
a primary and a secondary winding, semiconductor switching
means coupled to the primary winding of the transformer so as
to switch current from said low voltage supply and produce
an oscillatory current flow in said transformer primary
winding thereby to induce an oscillatory high voltage in the
transformer secondary winding, and rectifying means coupled
to transformer secondary winding and arranged to produce a
relatively high rectified output voltage for application
to the spark plug,

and including a voltage dropping impedance means
arranged to reduce the voltage produced by said d.c. to d.c.
converter,

and switching mcans responsive to said sensor means to

disable operation of said voltage dropping impedance means.
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19. An engine as claimed in claim 18 wherecin said switching
means comprises a relay having a coil and switching contacts,’
said relay coil being energised from said low voltage supply
in dependence upon operation of said sensor mecans, and

said voltage dropping means beingshunted by said

switching contacts.

20. An engine as claimed in claim 19 wherein said voltage
dropping impedance means comprises a resistor connected to

reduce the low voltage supply received by the converter.

21. An engine as claimed in claim 19 wherein said voltage
dropping impedance means comprises a resistor connected to
reduce the high output voltage produced by the d.c. to d.c.
converter. .
22. Apparatus for producing spark ignition of an internal
combustion engine wherein combustion is effected by means
of a spark plug in a combustion chamber of the engine,
comprising:

spark pulse generating means for applying repetitively

to the spark plug an electrical pulse capable of initiating

a spark across the spark plug;

" a d.c. to d.c. converter capable of producing a
continuous output voltage for application to the spark
plug to sustain a spark established by the spark pulse
generating means after each spark initiating pulse therefrom
is no longer capable of maintianing the spark, said con-
verter comprising:

a) a step up transformer having primary secondary
and feedback windings, and a saturable core

b) semiconductor switching means coupled to said
primary winding and to said feedback winding in
such a manner as to define an oscillator to
produce an oscillatory current flow in said
primary winding which produces a magnetic field

that saturates said core whereby to induce an
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oscillatory stepped up voltage in said secondary
winding;
c)

rectifying means coupled to said secondary winding

and arranged to produce a rectified output voltage

for application to the spark plugs; |
d) the converter being so arranged that in the event
of short circuit of said output voltage to earth

said oscillator becomes damped and ceases opera-
tion.

23. Apparatus for producing spark ignition of an internal
combustion engine wherein combustion is effected by means of
a spark plug in a combustion chamber of the engine, com-
prising:
spark pulse generating means for applying repetitively
to the spark plug an electrical pulse capable of initiating
a spark across the spark plug

and a d.c. to d.c. convefter capable of producing from
a relatively low voltage supply a relatively high output
voltage for application to the spark plug to sustain a
spark established by the spark plug generating means aftler
the spark initiating pulse therefrom is no longer capable
of maintaining the spark, said converter comprising:

a) a step up transformer having primary and secondary
windings;

b) semiconductor switching means coupled to said
primary winding to produce therein an oscillatory
current flow, whereby to induce an oscillatory
voltage in said secondary winding;

c¢) voltage multiplier and rectifier means coupled
to said secondary winding and including an output
capacitor across which a rectified multiple of
said secondary winding voltage is developed in
use thercof, and

d) circuit element means defining a resistance path
in parallel with said capacitor to allow it to

discharge when the circuit is inoperative.
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24, ‘An internal combustion engine including:
a) means'defining a combustion chamber,
‘b) a sindgle spark plug+arranged to produce spark
ignition in said combustion chamber,
¢) fuel injection means for injecting fuel into said
combustion chamber in such a manner as to establish
a stratified charge of fuel in the chamber with a
higher fuel concentration in a region adjacent the
spark plug than in regions remote therefrom,
d) spark pulse generating means for applying to the
' spark plug an electrical pulse capable of initiating
a spark across the spark plug, and
e) generator means arranged to produce a voltage for
application to the spark plug so as to sustain
the spark established by said pulse generating means
after said pulse generating means is no longer

capable of maintaining the spark.

25. An internal combustion engine according to claim 24
including a piston and cylinder assembly and a cylinder
head, the cylinder head including an aperture which receives
the spark plug, and an aperture which receives said fuel
injection means,; and said piston having a head that includes

a central dished portion to define said combustion chamber.

26. An internal combustion engine as claimed in claim 25
including inlet and outlet valves mounted on said cylinder
head, and an inlet manifold coupled to said inlet valve and
arranged to produce within the cylinder a swirling motion

of gas generally coaxial with the cylinder bore.
27. An internal combustion engine as claimed in claim 26
including an exhaust gas recirculation system coupled to

said outlet and inlet valves.

28. An internal combustion engine as claimed in claim 27
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wherein said generator mecans comprises a d.c. to d.c.

converter for developing said sustaining voltage from a
low voltage supply.

29. An internal combustion engine as claimed in claim 28
wherein said converter comprises:
a) a step up transformer having a primary a secondary

and a feedback winding, and a saturable core;

b) semiconductor switching means coupled to said

primary winding and to said feedback winding so

as to define an oscillator to produce an oscillatory

current flow in said primary winding that saturates

said core with magnetic flux whereby to induce an

oscillatory stepped up voltagé in said transformer

secondary winding;

¢) rectifying means coupled to said transformer
secondary winding and arranged to produce a rectified
output voltage for application to the spark plug,
and

d) the convertier being so arranged that in the event
said output voltage is shorted to earth the

oscillator becomes damped and ceases operation.

30. An intermnal combustion engine as claimed in claim 24
including a dynamo electric machine driven by the engine and
arranged to power said spark pulse generating means, and
wherein said generator means comprises means arranged to
derive from said dynamo electric machine an output for
application to the spark plug so as to sustain sparks

initiated thereby as aforesaid.

31. An internal combustion engine as claimed in claim 30
wherein said generator means includes a step up transformer
coupled tosaid dynamo electric machine, and a rectifier

connected to the transformer.

32. An internal combustion cngine as claimed in claim 24

including sensor means for seunsing at least one operating
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parameter of the engine, and means arranged to control_ the

voltage
to said
33. An
wherein
34. An
a)
b)
c)
d)
e)
£)
35. An

wherein

level produced by said gencerator means in response

sensor means.

internal combustion engine as claimed in claim 31

said dynamo electric machine comprises an alternator.

internal combustion engine including:

a piston and cylinder assembly defining a combus-
tion chamber;

a single spark plug arranged to produce spark
ignition in said combustion chamber;

chamber inlet and outlet means to allow inlet

and exhaust gases to enter and leave the chamber
respectively;

exhaust gas recirculation means to recirculate

exhaust gas from said outlet means to said inlet

means;

spark pulse generating means for applying repeti-
tively an electrical pulse to the spark plug,
said pulse being capable of initiating an elec~
trical spark across the spark plug;

generator means capable of producing a continuous
output voltage for application to the spark plug
so as to sustain the spark established by the
spark pulse generating means after the spark
initiated thereby is no longer capable of

maintaining the spark.

internal combustion engine as claimed in claim 34

sald generator means comprises a d.c. to d.c.

converter including:

a)

b)

a step up transformer having a primary a secondary
and a feedback winding, and a saturable corec;
semiconductor switching means coupled to said
primary winding and to said feedback winding so
as to define an oscillator to produce -an oscilla-~
tory current flow in said primary winding that

saturates said core with magnetic flux whereby
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c)

d)

e)
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to induce an oscillatory stepped up voltage in
said transformer secondary winding;

rectifying means coupled to said transformer
secondary winding and arranged to produce a
rectified output voltage for application to the
spark plug; and

the converter being so arranged that in the event
said output voltage is shorted to earth the

oscillator becomes damped and ceases operation.

internal combustion engine including:

a combustion chamber;

a spark plug for producing spark ignition in
said chamber;

spark pulse generating means for applying
repetitively to the spark plug an electrical pulse
capable of initiating an electrical spark across
the spark plug;

an alternator driven by the engine and arranged
to power said spark pulse generating means;

means for deriving from said alternator an output
voltage for application tp the spark plug so as
to sustain the spark established by the spark
pulse generating means after the pulse generated

thereby is no longer capable of maintaining the

spark.

37. An internal combustion engine as claimed in claim 36

wherein

said means e) includes a transformer coupled to

said alternator and a rectifier coupled to the transformer.



0028899

V4
o/ 2V
24 6 3)
ENGCGHNE
A CURRENT | | | Gemen soupx
yolek MEANS 77M/;/;’6' CONTPL
_[ CENERATOL EANS
75 /a
4 *_
DISTRIBUTOR 7

AN T

SP4RKE FLUGS ~5




0028899

UG /ILSHT _
V7% “ vIH. L co \Q.H
. %
ACH (o |~
_
(S |
o< R .
- 174 (=74 sazrvany| 359 L &2
M \ NOLINZ S QMn
oz _ H
/ %
4 H

_
4 |

Z0/4 Z



0028899

14

DA g5 FI1G.3A.

25001

NN

|z roles
tfg 79
rzspl 77 t
— Z‘
75,
E 1:79
79

FIG3B.

lV yo/ts
FIG.3C

L\ 22
\ 271
N\




0028899

= e
QQK@WQ\.QQ T mMMWKU _
ez

LTINS
Ao

74

74
XUV IHINY
\ NOLLINAS

/ oc

24

QQ\

/907
7T

627

ey TOXUNOD 70UNOD YOSNTS
™ Q%NJ 7777 | | FomLradans

Y o
TNIONT
T

~Z




0028899

SUNTINLEIT
V2 4
ACK
g
Ly VA \ /41% <
AW/ o
4 — \
7 7 £Z [ oo
\ AOLLINAS
R /| Oz
\N
S
77
21907
g9z I
o7 _ ecH
Y w0202\ | 7oeunor YOSATS
™ w%.w@ 7777 | | 70l b AT
y Y oc
FAVONT
. ~Z




10028899

DUNTINLSIT J..Lv
7 e
T T T
° * > |
AZK \.Q “ + o
LAY _ W
AXrw/o ¢ /? 2
7 w Y U I g9 v £9 (%, W.
\ ANOLLINS ik
/ Vwm oW
~ £ “ -
M o _
=F
77 7 ! a7 £ N
2/907 | 77 / /
S T 1Y _ <Y, AR
(Y]
ST Tmn7| [100aos) [ soenzs
- Q&Nr& 7727 | | somerazomi 99l
I QAQM

FANCEOANT

~Z




0028899

LOAGAS
AXbvios

74

V//4

FSy 702UNO2

- e = |
& .W%

\

4

SUY I/
ANCULINALY

Oz

77
gz

21907

!

t

|
|
|
B
|
L

627

700UNC2D
7777

XOSATS
TV XTI

™ Q&J

Y

INCONT

o

~Z




. 0028899

/4

gl
|
4K
(g
21EXS g7
SN
. 1= (774 2747, /4
7 = Z NOLLINS
1 V4
1 s Z4 _
L& | oty 705y |
T 704 = _
L 4 o<
| - <
& _
_
1
99/




0028899

AREEL

QUNSIUSTT

A

=~ S ‘=

SAVTHY
GNP 7057
FEPL 704

69/

- . 0
_\ 7 -HI h ”
fo, Y Y
n\W\ 7 _v > |H. _M_ \q%ddNQ/ ...Hu_
g |
_
| e =
U2/ ra | g
MLV
\Q.W _
|
r
s £/
A
__ V74 \




9
FIG.10.
(WL
27
42 "
71

3

36
39 Q

37

0028899



0028899

/4
£I5.7. FIG.12.
\ [N 41
£2 40
38 Z 0\
36
(0
37
52
==
AATOR
53, 7T FIG13
P[é‘;//-‘/[,? LHGINE j %,
VOL7A4GEF
LFCULATOR ”
05 - & 7 \ —
LNG/E
asiaded ?Né c7 T%’? 5 o B “
54 8z
26_,[06'/6‘ Q4m —

/0
D/ISTRIBYTOR



0028899

European Patent Apphcation number
oh g EUROPEAN SEARCH REPORT
ce EP 80 30 3805.8
DOCUMENTS CONSIDERED TO'BE RELEVANT CLASSIFICATION OF T
Category Ciation of documen! with indication, where appropnate. of reievant Relevant
passages 10 claim
X EP - A1 - 0 001 354 (B.E, WAINWRIGHT) 1,3,10,
.. . B 14,18, | F 02 P 3/08
* the document in 1its entirety ¥ 2294
? FO02P 3/00
29,
34-36
FR - A - 2 149 929 (R. BOSCH GMBH) 1,3,14,
* the document in its entirety ¥ 18,22
24,29,
34-36
US - A - 3983 461 (R.J. JORDAN) 1,2,
A . . TECHNICAL FIELDS
* the document in its entirety ¥ 4~6 SEARCHED (1t C13)
US - A - 3 921 606 (R. HABERT) 1 FO02?P 3/00
* the document in its entirety * F02P 3/08
CATEGORY OF
CITED DOCUMENTS
X. particularly retevant
A: technological background
0: non.wnitten disclosure
P: intermediate document
T. theory or principle undertying
the invention
E: confiichng application
0: document cited in the
application
L: cxtauon tor other ressons
&: member of the same patent
X The present search report has been drawn up for all claims famidy.
corresponding document
Place of search Date of compietion of the search
Berlin 23-01-1981 BORRELLY

EPO Form 1503.1 04.78



