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(54) Ignition coil

(57) An ignition coil (1; 20) for triggering combustion
in a controlled ignition endothermic engine has: a mag-
netic circuit (2; 21) having a core (5; 24), a cladding (6;
25), a first permanent magnet (7, 26) and a second per-

manent magnet (8, 27) set in parallel along the cladding
(6; 25); a primary electrical circuit (3; 22) wound around
the core (5; 24); and a secondary electrical circuit (4; 23)
wound around the core (5; 24) and concatenated with
the primary electrical circuit (3; 22).
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Description

[0001] The present invention relates to an ignition coil.
In particular, the present invention regards an ignition
coil for triggering combustion in a controlled ignition en-
dothermic engine.
[0002] A known type of ignition coil comprises: a mag-
netic circuit including a core, a cladding, and a permanent
magnet; a primary electrical circuit wound around the
core; and a secondary electrical circuit wound around
the core and concatenated with the primary electrical cir-
cuit.
[0003] The core extends principally along one axis,
and the cladding extends along an annular closed path
about the core and lies substantially in the same plane
as the axis of the core.
[0004] The permanent magnet (also referred to as
"preload magnet") is set along the core and enables var-
iations of magnetic induction in the magnetic circuit of
the ignition coil that are greater than the variations of
magnetic induction that can be obtained in a magnetic
circuit without permanent magnet. For example, with ref-
erence to the known characteristic curve B-H that links
the magnetic induction B with the magnetizing force H of
the magnetic circuit, the permanent magnet displaces
the point of rest (at zero current) of the curve so as to
enable wide variations of magnetic induction in the linear
stretch of the characteristic curve B-H.
[0005] However, ignition coils of this type present prob-
lems linked to the dimensions of the permanent magnet
itself and hence impose limits on the lowering of the point
of rest of the curve. In fact, the presence of a permanent
magnet contributes to the generation of the magnetic field
and, at the same time, constitutes an important source
of reluctance. To a first approximation, the cross section
of the permanent magnet, understood as the cross sec-
tion substantially orthogonal to the flux lines of the mag-
netic field, is correlated to the capacity of magnetization
of the permanent magnet itself, whilst the thickness of
the permanent magnet, understood as the length of the
permanent magnet in the direction of the flux lines of the
magnetic field, is correlated to its equivalent reluctance.
[0006] Consequently, the optimal solution from the
theoretical standpoint would consist in producing a thin
permanent magnet provided with a relatively extensive
cross section. However, a relatively thin permanent mag-
net is subject to frequent breakdowns because the igni-
tion coil is mounted and operates in the engine compart-
ment of a motor vehicle and is consequently subject to
particularly critical mechanical stresses (vibrations) and
thermal stresses (high temperatures). The limits to the
extension of the permanent magnet are substantially di-
mensional limits because they would require that also
the magnetic circuit have a cross section equal to the
cross section of the permanent magnet.
[0007] Consequently, the permanent magnet has di-
mensional limits set by the relatively hostile environment
in which the ignition coil operates, and consequently the

wide variations in magnetic induction required by the
market cannot be reached. In practice, the limit of satu-
ration of the magnetic circuit is often reached with a con-
sequent sudden increase in the charge currents and in
the thermal stress of the component. Consequently, the
ignition coil reaches high temperatures that increase the
risk of breakdown thereof.
[0008] An object of the present invention is to provide
an ignition coil that will be free from the drawbacks just
highlighted of the prior art. In particular, an object of the
invention is to provide a reliable ignition coil capable of
high performance and at the same time easy to produce
and at a low cost.
[0009] In accordance with the above objects, the
present invention relates to an ignition coil for triggering
combustion in a controlled ignition endothermic engine,
the ignition coil comprising: a magnetic circuit including
a core, a cladding and a first permanent magnet; a pri-
mary electrical circuit wound around the core; and a sec-
ondary electrical circuit wound around the core and con-
catenated with the primary electrical circuit; the ignition
coil being characterized in that it comprises at least one
second permanent magnet, the first and second perma-
nent magnets being set in parallel along the magnetic
circuit.
[0010] Further characteristics and advantages of the
present invention will emerge clearly from the ensuing
description of two non-limiting examples of embodiment,
with reference to the figures of the annexed plate of draw-
ings, wherein:

- Figure 1 is a schematic view, with parts removed
clarity, of the ignition coil according to the present
invention;

- Figure 2 is a schematic view, with parts removed for
clarity, of a second embodiment of the ignition coil
according to the present invention; and

- Figure 3 is a graph of the characteristic curve that
links the magnetic induction with the magnetizing
force of different ignition coils.

[0011] In Figure 1, designated by the reference
number 1 is an ignition coil for triggering combustion in
a controlled ignition endothermic engine and habitually
housed in the engine compartment of a motor vehicle.
[0012] The ignition coil 1 comprises a magnetic circuit
2, a primary electrical circuit 3, and a secondary electrical
circuit 4.
[0013] The magnetic circuit 2 comprises a core 5,
which extends principally along an axis A, and a cladding
6, which extends along an annular path about the core
5 in the same plane as the axis A.
[0014] The primary electrical circuit 3 is wound around
the core 5, and the secondary electrical circuit 4 is wound
around the core 5 and is concatenated to the primary
electrical circuit 3. In Figure 1, the arrows indicate the
direction of the flux of the magnetic field along the mag-
netic circuit 2. The flux lines of the magnetic field arise
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in an area corresponding to the core 5 of the magnetic
circuit 2 and branch off on opposite sides along the clad-
ding 6 of the magnetic circuit 2, and then join up again
along the core 5 so as to form a characteristic path com-
prising two closed rings with a branch in common.
[0015] The magnetic circuit 2 further comprises a first
permanent magnet 7 and at least one second permanent
magnet 8 set in parallel. The first permanent magnet 7
and the second permanent magnet 8 are set in parallel
along the cladding 6.
[0016] The magnetic circuit 2 is moreover divided into
at least one first part 9 and one second part 10.
[0017] The first part 9 is substantially T-shaped and
comprises the core 5 and a head 11, which is fixed to the
core 5 and defines a portion of the cladding 6, whilst the
second part 10 defines the remaining part of the cladding
6 and has two ends 12 and 13 close to the first part 9 of
the magnetic circuit 2.
[0018] The first permanent magnet 7 and the second
permanent magnet 8 are arranged between the first part
9 and the second part 10, respectively, in a position cor-
responding to the ends 12 and 13 of the second part 10.
[0019] The core 5 has a face 14, which is set in a di-
rection orthogonal to the axis A in a distal position with
respect to the head 11 and at a distance close to a re-
spective face 15 of the second part 10 of the magnetic
circuit 2, parallel to the face 14. The empty gap comprised
between the face 14 of the core 5, in which the flux lines
of the magnetic field enter, and the face 15 of the second
part 10 of the magnetic circuit 2, from which the flux lines
of the magnetic field exit, defines an air gap 16.
[0020] Figure 2 shows a second embodiment of the
ignition coil 20 according to the present invention. Also
in this figure, the arrows illustrated indicate the direction
of the flux of the magnetic field. In this second embodi-
ment, the ignition coil 20 comprises a magnetic circuit
21, a primary electrical circuit 22, and a secondary elec-
trical circuit 23. The magnetic circuit 21 comprises a core
24, which extends principally along an axis B, and a clad-
ding 25, which extends along an annular path about the
core 24 in the same plane as the axis B of the core 24.
[0021] The magnetic circuit 21 further comprises a first
permanent magnet 26 and a second permanent magnet
27 set in parallel, which are set in parallel along the clad-
ding 25.
[0022] The magnetic circuit 21 is divided into a first
part 28 and a second part 29. The first part 28 extends
substantially along the axis B of the core 24 and com-
prises the core 24 and a head 30, which is fixed to the
core 24 and defines a portion of the cladding 25, whilst
the second part 29 defines the remaining part of the clad-
ding 25 and has two ends 31 and 32 close to the first part
28 of the magnetic circuit 21.
[0023] The first permanent magnet 26 and the second
permanent magnet 27 are arranged between the first part
28 and the second part 29 in a position corresponding to
the ends 31 and 32 of the second part 29 of the magnetic
circuit 21.

[0024] The core 24 has a face 33, which is set in a
direction orthogonal to the axis B in a distal position with
respect to the head 30 and at a distance close to a re-
spective face 34 of the second part 29 of the magnetic
circuit 21, parallel to the face 33.
[0025] The empty gap comprised between the face 33
of the core 24, in which the flux lines of the magnetic field
enter, and the face 34 of the second part 29 of the mag-
netic circuit 21, from which the flux lines of the magnetic
field exit, defines an air gap 35.
[0026] The first part 28 is able to slide with respect to
the second part 29 in a direction substantially parallel to
the axis B to enable adjustment of the dimensions of the
air gap 35. In particular, the head 30 is in contact with
the first permanent magnet 26 and the second permanent
magnet 27 along surfaces of sliding 36 parallel to one
another and parallel to the axis A. Sliding of the first part
28 with respect to the second part 29 along the surfaces
of sliding 36 enables adjustment of the distance between
the faces 33 and 34 of the air gap 35 during assembly of
the ignition coil 20.
[0027] Figure 3 shows the qualitative evolution of a
characteristic curve 37, which represents the magnetic
induction B as a function of the magnetizing force H of
the magnetic circuit 2 of the ignition coil 1 in which the
plates of the magnetic circuit 2 are made of ferromagnetic
material.
[0028] Designated by the reference number 38 is the
point of rest, i.e. at zero current, on the hypothesis of a
magnetic circuit 2 without permanent magnets. In this
configuration (not shown in the attached figures), the
maximum variation of magnetic induction B allowed with
respect to the point of rest is indicated in Figure 3 by ∆1.
[0029] Designated by the reference number 39 is the
point of rest, i.e. at zero current, in an ignition coil with a
magnetic circuit having just one permanent magnet set
along the core. In this ignition coil (not shown in the an-
nexed figures), the maximum variation of magnetic in-
duction B allowed with respect to the point of rest is in-
dicated in Figure 3 by ∆2 and is greater than the variation
of magnetic induction ∆1 allowed without the presence
of the permanent magnet.
[0030] Designated by the reference number 40 is the
point of rest, i.e. at zero current, on the hypothesis of a
magnetic circuit 2 with two permanent magnets 7 and 8,
made, for example, of Sm-Co (samarium-cobalt) or Nd-
Fe-B (neodymium-iron-boron) and set in parallel accord-
ing to the embodiment of Figure 1. In this configuration,
the maximum variation of magnetic induction B allowed
with respect to the point of rest is indicated in Figure 3
by ∆3 and is even greater than the variation of magnetic
induction ∆2 allowed with the presence of just one per-
manent magnet set along the core 5.
[0031] Figure 3 moreover shows the qualitative evolu-
tion of a second characteristic curve 41, which represents
the magnetic induction B as a function of the magnetizing
force H of the magnetic circuit 2, the plates of which are
preferably made of a ferromagnetic material with ex-
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tremely high performance, such as for example iron and
cobalt alloys.
[0032] The curve 41 is characterized by a slope, in the
linear stretch, steeper than that of the curve 37 and above
all is characterized by a linear stretch that is more exten-
sive than that of the curve 37. The use of high-perform-
ance materials for the provision of the plates, in fact, en-
tails raising of the saturation threshold in the character-
istic curve B-H.
[0033] On the hypothesis of a magnetic circuit 2 made
of a material that presents the pattern of the curve 41,
with two permanent magnets 7 and 8 set in parallel ac-
cording to the embodiment of Figure 1, it is possible to
obtain a variation of magnetic induction ∆4 greater than
the variation ∆3 of the curve 37 thanks to the increase in
the saturation threshold.
[0034] Designated by the reference number 43 is the
point of rest on the hypothesis of a magnetic circuit 2 with
two permanent magnets 7 and 8 with high power of mag-
netization set in parallel according to the embodiment of
Figure 1. In such a configuration, the variation of mag-
netic induction allowed is indicated by ∆5 and is decidedly
higher than the variations ∆3 and ∆4.
[0035] The present invention presents the advantages
described in what follows.
[0036] In the first place, the use of at least two perma-
nent magnets, 7 and 8 or 26 and 27, set in parallel enables
the dimensional limits imposed by the use of just one
permanent magnet to be overcome. By setting two per-
manent magnets in parallel, in fact, an increase in the
power of magnetization is obtained because the magnet-
ic flux of the two branches in parallel of the magnetic
circuit sum up, whilst the total reluctance of the magnetic
circuit decreases because two reluctances in parallel are
equivalent to one reluctance equal to one half. Conse-
quently, the ignition coil 1 according to the present inven-
tion allows larger variations of magnetic induction B and
hence enables high levels of reliability and of perform-
ance to be achieved.
[0037] In addition, the use of high-performance ferro-
magnetic materials, such as, for example, the iron and
silicon alloys or even more iron and cobalt alloys, for mak-
ing the plates that form the magnetic circuit 2 enables
even larger variations of magnetic induction, further im-
proving the performance of the ignition coil 1.

Claims

1. An ignition coil (1; 20) for triggering combustion in a
controlled ignition endothermic engine; the ignition
coil (1; 20) comprising: a magnetic circuit (2; 21),
comprising a core (5; 24), a cladding (6; 25), and a
first permanent magnet (7; 26); a primary electrical
circuit (3; 22) wound around the core (5; 24); and a
secondary electrical circuit (4; 23) wound around the
core (5; 24) and concatenated with the primary elec-
trical circuit (3; 22); the ignition coil (1; 20) being

characterized in that it comprises at least one sec-
ond permanent magnet (8; 27); the first permanent
magnet (7; 26) and the second permanent magnet
(8; 27) being set in parallel along the magnetic circuit
(2; 21).

2. The ignition coil according to Claim 1, characterized
in that the first and second permanent magnets (7,
8; 26, 27) are set in parallel along the cladding (6; 25).

3. The ignition coil according to Claim 2, characterized
in that the core (5; 24) extends principally along an
axis (A; B) and the cladding (6; 25) extends along
an annular closed path about the core (5; 24) and
lies substantially in the same plane as the axis (A;
B) of the core (5; 24).

4. The ignition coil according to any one of the preced-
ing claims, characterized in that the magnetic cir-
cuit (2; 21) is divided at least into a first part (9; 28)
and a second part (10; 29); the first part (9; 28) com-
prising the core (5; 24) and a portion of the cladding
(6; 25), and the second part (10; 29) defining the
remaining portion of the cladding (6; 25).

5. The ignition coil according to Claim 4, characterized
in that the first and second permanent magnets (7,
8; 26, 27) are set in parallel between the first part (9;
28) and the second part (10; 29) of the magnetic
circuit (2; 21).

6. The ignition coil according to Claim 5, characterized
in that the second part (10; 29) comprises two ends
(12, 13; 31, 32); the first and second permanent mag-
nets (7, 8; 26, 27) being set, respectively, in a position
corresponding to said ends (12, 13; 31, 32) in contact
with the first part (9; 28).

7. The ignition coil according to any one of Claims 4 to
6, characterized in that it comprises at least one
empty gap delimited by two parallel faces (33, 34)
of the magnetic circuit (21), which defines an air gap
(35); the first and second parts (28, 29) being able
to slide with respect to one another for adjusting the
distance between the faces (33, 34) of the said air
gap (35).

8. The ignition coil according to Claim 7, characterized
in that the first part (28) of the magnetic circuit (21)
is able to slide with respect to the second part (29)
of the magnetic circuit (21) in a direction parallel to
the axis (B) of the core (24); the faces (33, 34) of the
air gap (35) being orthogonal to the axis (B) of the
core (24).
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