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(54) Triggering circuit for ignition devices

(67)  Triggering circuit (21) for ignition devices, com-
prising a capacitive transformer (1) formed as a single
component including a first and a second sheet of con-
ductive material (15, 16) wound around a magnetic core
(13) and coupled magnetically to a secondary winding
(14) in such a way as to form a primary winding (3) and
a secondary winding (4) of the transformer (20) and a
capacitor (5) in series with the primary. The capacitor is
connected to a controlled-voltage generator (8, 6) in
such a way as to permit initially the charging of the
capacitor (5) and subsequently the discharge of the
capacitor (5) and the induction of a high voltage in the
secondary (4) to trigger an ignition (7) connected to the
secondary.

Printed by Rank Xerox (UK) Business Services
2.13.8/3.4



1 EP 0 742 369 A1 2

Description

The present invention relates to a triggering circuit,
for example for spark plugs or ignitions of internal com-
bustion engines.

As is known, the present triggering circuits of the
type indicated comprise a transformer whose primary is
connected in series to a capacitor and whose second-
ary is connected in parallel to a spark plug of an internal
combustion engine or to an ignition of a turbine engine.
The circuit also comprises a switched-voltage generator
which initially permits the charging of the capacitor at
medium voltage and is then short-circuited to permit the
discharge of the capacitor through the primary of the
transformer. There is therefore a very fast voltagerise in
the primary, which induces a corresponding voltage rise
in the secondary capable of causing the discharge of
the spark plug or ignition.

The circuit described above has the disadvantage
that its components are made with discrete elements,
as a result of which its size is considerable and it is
affected by losses which limit its efficiency.

The object of the present invention is to improve a
triggering circuit of the type indicated in such a way as
to reduce its overall dimensions and to improve its effi-
ciency.

According to the present invention, a triggering cir-
cuit for ignition devices is provided, comprising at least
a first and a second inductive element coupled magnet-
ically together and to a magnetic core, and a capacitive
element connected to the said first inductive element,
the said second inductive element being connected to
an ignition device, characterized in that it comprises a
capacitive transformer including at least a first and a
second sheet of conductive material wound around the
said magnetic core and coupled magnetically to a sec-
ondary winding in such a way as to form the said first
and second inductive elements and the said capacitive
element.

The invention will now be described with reference
to the attached drawings, which illustrate non-restrictive
embodiments of the invention, in which:

Figure 1 is a view from above of a capacitive trans-
former used in the present triggering circuit;

Figure 2 is a partial lateral perspective view of the
capacitive transformer shown in Fig. 1;

Figure 3 shows a first simplified electrical circuit of
the transformer shown in Fig. 1, with four terminals;
Figure 4 shows a second simplified electrical circuit
of the transformer shown in Figs. 1 and 2, with six
terminals;

Figure 5 shows a first embodiment of the triggering
circuit according to the invention, incorporating the
transformer shown in Figs. 1 and 2, as in the elec-
trical circuit shown in Fig. 3;

Figure 6 shows a first variant of the triggering circuit
according to the invention, using the capacitive
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transformer shown in the electrical circuit in Fig. 3;
and

Figure 7 shows a further variant of the present trig-
gering circuit, using the capacitive transformer as
shown in the electrical circuit in Fig. 5.

According to one aspect of the present invention,
the present triggering circuit comprises a capacitive
transformer made from a single component 1 having
capacitive and inductive characteristics (a capacitive
transformer). The capacitive transformer 1, shown in
Figures 1 and 2, comprises a core 13 of ferromagnetic
material around which is wound a conducting wire 14
forming the secondary of the transformer. Two conduc-
tive leaves or sheets 15, 16, typically made of metal, are
wound around the secondary 14 to form a pair of plates
separated from each other by a dielectric 17. The plates
15 and 16 have ends (corresponding to the ends of the
two spirals visible in the view from above in Fig. 1) form-
ing terminals A, C and D, B respectively, while the ends
of the conducting wire 14 (secondary) are indicated by
L and H.

If the terminals C and D are not used, the capacitive
transformer 1, which forms a variant of a capacitive and
inductive element which is the subject of an associated
patent application filed on the same date and having the
title "Capacitive and inductive element”, has a simplified
equivalent circuit 20 with four terminals as shown in Fig.
3. The equivalent circuit 20 comprises a theoretical
transformer 2 formed by a primary 3 and a secondary 4,
and a capacitor 5 arranged in series with the primary 3
and interposed between the primary and the terminal A.
The primary 3 also forms the terminal B, while the sec-
ondary forms the terminals L, H; the terminals A, B, H,
L shown here correspond to those with the same letters
in Fig. 1. The node between the capacitor 5 and the pri-
mary 3 corresponds to the terminal D, illustrated here
but not used.

The plates 15, 16 may be insulated from each other
by any dielectric material suitable for the purpose. Addi-
tionally, instead of two single leaves, it is possible to pro-
vide for each plate a plurality of leaves or sheets
connected in the form of a comb and interdigitated, in
other words arranged in such a way that two adjacent
leaves of one plate have one leaf of the other plate
inserted between them, as described in greater detail in
the previously cited associated patent application.

In practice, the capacitive transformer 1 according
to Figs. 1 and 2 has a primary which also incorporates
the capacitor 5, thus making it possible to obtain a very
compact device, a reduction of manufacturing costs and
a higher efficiency of the component.

When the terminals C and D of the capacitive trans-
former 1 are also taken into consideration, the trans-
former 1 can be shown diagrammatically as
represented in Fig. 4 by the circuit 22. In detail, the cir-
cuit 22 in Fig. 4 has six terminals A-D, H, L, similar to the
corresponding terminals in Fig. 1; an inductor 23 is
arranged between the terminals A and C; a capacitor 24
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is arranged between the terminals A and D; a capacitor
25 is arranged between the terminals C and B; an
inductor 26, forming the primary of the transformer, is
arranged between the terminals D and B and an induc-
tor 27, coupled magnetically to the inductor 23 and to
the inductor 26 and consequently forming the second-
ary of the transformer, is arranged between the termi-
nals Hand L.

According to the invention, the capacitive trans-
former 1 is used in a triggering circuit for ignition
devices, one embodiment of which is shown by way of
example in Fig. 5. The triggering circuit 30 in Fig. 5 com-
prises a continuous voltage generator 8 connected to
the terminals A and B of the capacitive transformer 1, in
parallel with a switch 6. The equivalent circuit 20 in Fig.
3 of the capacitive transformer 1, comprising the pri-
mary 3 and the secondary 4 and the capacitor 5, is
shown here. A spark plug 7 or other ignition device is
connected in parallel with the secondary 4 of the capac-
itive transformer 1.

The operation of the circuit 30 is as follows. Initially,
the switch 6 is open and the voltage generator 8
charges the capacitor 5 at a medium voltage (typically
100-600 V). When the switch 6 is closed, the capacitor
5 discharges through the primary 3 of the transformer 2,
inducing a potential difference in the secondary 4 suffi-
cient to cause the discharge in the spark plug (or igni-
tion) 7.

Fig. 6 shows an application based on the principle
of providing, by means of the discharge of a capacitor to
the primary 26 of the transformer, the energy required to
initiate the discharge in the spark plug and, through the
overvoltage of opening of an inductive circuit coupled to
the secondary, the energy for maintaining the discharge
over a period of time.

The circuit 34 in Fig. 6 comprises the capacitive
transformer 1 between whose terminals H and L the
spark plug 7 is arranged. A continuous voltage genera-
tor 35 is connected to the terminals A and B, in parallel
with a switch 36; a branch 37, comprising a resistor 38,
a switch 39 and a continuous voltage generator 40 con-
nected in series, is arranged between the terminals D
and B.

The circuit 34 in Fig. 6 operates as follows. Initially,
the switch 36 is open and the switch 39 is closed. When
the circuit is switched on, the capacitor 5 is charged by
the voltage generator 35 at a predetermined voltage,
and a current i is induced in the primary 3 of the trans-
former through the branch 37. When the switch 36 is
closed, the capacitor 5 discharges into the primary 3.
Consequently a high voltage, capable of triggering the
spark plug 7, is induced in the secondary 4 of the trans-
former. At the end of the discharge of the capacitor 5, or
slightly before, the switch 39 is opened. This opening
makes available the magnetic energy induced in the
core 13 of the transformer by the current i; this energy
may then be used to maintain the discharge of the spark
plug 7 for a certain period.
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Figure 7 shows an embodiment using the equiva-
lent circuit 22 shown in Fig. 4, in which a current is
induced in the inductance 26 through the terminals B
and D, and the capacitors 24 and 25 are charged
through the terminals A and B.

The circuit 45 in Fig. 7 comprises the capacitive
transformer 1, represented by its components 23-27; a
generator 46 of a continuous voltage V, is connected to
the terminal D of the capacitive transformer 1 through a
resistor 47 and a diode 48. The cathode of the diode 48
is connected to the terminal D. The circuit 45 also com-
prises a switch 49 arranged in a bypass line 51 which
connects the terminals A and B; the terminal B is also
connected to earth through a switch 50. The terminal A
forms a terminal for the application of a voltage V5
obtained by means of a voltage generator which is not
shown. In the circuit 45, the terminal H of the secondary
27 is connected to the terminal D and the terminal L is
connected to one terminal of the spark plug 7, whose
other terminal is connected to earth.

The circuit 45 in Fig. 7, described in detail in a pre-
ceding Patent Application No. TO91A000021 filed on
15.1.91 under the title "Control system for electronic
ignition in an internal combustion engine of a vehicle”,
operates as follows. Initially, the switch 50 is closed
while the switch 51 is kept open. The voltage generator
46 induces a current i in the inductor 26, while the volt-
age V» enables the capacitors 24 and 25 to be charged.
When the switch 49 is closed, the capacitors 24 and 25
begin to discharge into the primary 26. A high voltage is
therefore generated in the secondary 27, triggering the
spark plug 7. At the end of the discharge of the capaci-
tors 24, 25 or slightly before, the switch 50 is opened,
causing the release of the magnetic energy accumu-
lated in the primary 26. This release then enables the
discharge of the spark plug 7 to be maintained.

By using the capacitive transformer 1 in the circuit
45 it is therefore possible to obtain an ignition circuit
having lower costs than one made with discrete compo-
nents, owing to the use of a single component for the
formation of a plurality of elements. The circuit
described also has improved efficiency, owing to the
reduction of the losses due, in the known circuit, to the
wiring of the components.

Finally, it is clear that the triggering circuit described
and illustrated herein may be modified and varied with-
out departure from the scope of protection of the
present invention. In particular, it is pointed out that the
plates of the capacitor or capacitors (leaves 15, 16) may
be made of any conductive material and may be insu-
lated by any dielectric material. The magnetic circuit
may have any configuration and may be made of any
material (including non-magnetic material), with the pri-
mary inside or outside the secondary. The terminal L of
the secondary in the circuits 30 and 34 may be con-
nected directly or indirectly to the earth of the spark plug
7; alternatively, each of the terminals L, H of the said cir-
cuits 30 and 34 may be connected to a terminal of a cor-
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responding spark plug whose other terminal is
connected to earth (lost discharge).

The triggering circuit may be used for the ignition of
internal combustion engines of various types, including
four- and two-stroke and Diesel engines, for motor pro-
pulsion, in motor vehicles, for aircraft, etc. or as the igni-
tion in turbine engines and similar. It may also be used
as an ignition for fuel burners (furnaces, ovens, heating
systems); as a starting system for discharge lighting
devices; and as a control and monitoring circuit incorpo-
rated (possibly only partially) in the component. Finally,
itis possible to combine one or more primary or second-
ary windings of the leaf type shown or of the conven-
tional type in the same magnetic circuit to decouple the
functions of generation of the first triggering discharge
and generation of the energy for maintaining the dis-
charge. For example, it is possible to make the circuit 34
in such a way that the capacitive transformer 1 has
three leaf windings around the same core, of which the
innermost winding forms the capacitive winding (first
primary) connected to the continuous voltage generator
35 and to the switch 36, the intermediate winding forms
the second primary, connected to the maintenance
branch 37, and the outermost winding forms the sec-
ondary.

Claims

1. Triggering circuit (21; 34; 45) for ignition devices,
comprising at least a first and a second inductive
element (3, 4; 26, 27) coupled magnetically
together and to a magnetic core (13), and a capac-
itive element (5; 24, 25) connected to the said first
inductive element, the said second inductive ele-
ment being connected to an ignition device (7),
characterized in that it comprises a capacitive
transformer (1) including at least a first and a sec-
ond sheet of conductive material (15, 16) wound
around the said magnetic core (13) and coupled
magnetically to a secondary winding (14) in such a
way as to form the said first and second inductive
elements and the said capacitive element.

2. Circuit according to Claim 1, characterized in that
the said secondary winding (14) is a wire winding.

3. Circuit according to Claim 1, characterized in that
the said secondary winding (14) is formed by a
sheet of conductive material wound around the said
magnetic core (13).

4. Circuit according to any of the preceding claims,
characterized in that the said sheets of conductive
material (15, 16) are wound in a spiral.

5. Circuit according to any of the preceding claims,
characterized in that each of the said two sheets of
conductive material (15, 16) has a first and a sec-
ond end (A-D), the said first ends of the said two
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10.

sheets of conductive material being adjacent to
each other and forming a first and second terminal
respectively (A, D), and the said second ends of the
said two sheets of conducting material being adja-
cent to each other and forming a third and fourth
terminal respectively (C, B); and in that it comprises
switched voltage generation means (35, 36; V5, 49)
connected between the said first terminal (A) and
the said fourth terminal (B).

Circuit according to Claim 5, characterized in that
the said switched voltage generation means com-
prise a continuous voltage generator (35) in parallel
with a controlled switch (36).

Circuit according to Claim 5 or 6, characterized in
that it comprises an energy accumulation control
branch (37) arranged between the said first termi-
nal (A) and the said fourth terminal (B).

Circuit according to Claim 7, characterized in that
the said energy accumulation control branch (37)
comprises the series connection of a continuous
voltage generator (40), resistive means (38) and a
switch (39).

Circuit according to Claim 5 or 6, characterized in
that it comprises a voltage generation element (46)
connected to the said first terminal (A), a bypass
line (51) arranged between the said first terminal
(A) and the said fourth terminal (B), a first switch
element (49) interposed in the said bypass line and
a second switch element (50) interposed between
the said fourth terminal (B) and a reference poten-
tial line.

Circuit according to Claim 9, characterized in that
the said second terminal (D) is connected to a first
terminal (H) of the said secondary winding (14, 27),
and in that the said secondary winding is connected
to the said ignition device (7) through its second ter-
minal (L).
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