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(54) Transformer
(57) A transformer comprises a magnetic core and a the primary winding/coil. Afirst gap componentis located

magnetic return path element providinga magnetic return
path for the magnetic core. The magnetic core is gener-
ally located between two end faces of the magnetic return
path element. A primary coil or winding surrounds the
magnetic core. A secondary coil or winding surrounds

between one end of the magnetic core and one corre-
sponding end face of the magnetic return path element.
A second gap component is located between the other
end of the magnetic core and the corresponding other
end face of the magnetic return path element.
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Description
TECHNICAL FIELD

[0001] Thisdisclosure relates to a transformer and has
particular, but not exclusive application, to a transformer
foranignition apparatus or coil, such as for, but not limited
to, automotive applications.

BACKGROUND OF THE INVENTION

[0002] Conventional ignition coils are realized with
gapped transformers. The transformers generally in-
clude a core of magnetic highly permeable material,
around which primary and secondary windings are locat-
ed. A closed magnetic return path is provided by a gen-
erally C or U shaped magnetic return path element, the
magnetic core being located between two end faces of
the return path element. Preferred materials for the mag-
netic core and for the magnetic return path element are
laminated metal sheets.

[0003] Typically, one end of the magnetic core directly
abuts or contacts one end face of the magnetic return
path element. Between the other end face of the magnetic
return path element and the other end of the core is typ-
ically located a magnet or simply an air-gap. During the
operation of such a coil transformer, heat is created dom-
inantly by ohmic losses in the primary and secondary
winding.

[0004] Magnetic saturation zones can be created at
interfaces between the magnetic return path elementand
the magnetic core. Saturation is built-up inside the mag-
netic return path element, around the interface region to
the magnetic core. Generally such saturation causes a
probleminthat it limits the performance of the entire mag-
netic circuit. Known solutions are to increase the cross-
sections of the magnetic path element or use magnetic
material with higher magnetic permeability. Either solu-
tion is not desired because it increases weight, volume
and/or cost.

[0005] Itis an object of the invention to provide an im-
proved transformer that overcomes such problems.

SUMMARY OF THE INVENTION

[0006] In one aspect of the invention is provided a
transformer comprises a magnetic core and a magnetic
return path element providing a magnetic return path for
the magnetic core. The magnetic core is generally locat-
ed between two end faces of the magnetic return path
element. A primary coil or winding surrounds the mag-
netic core. A secondary coil or winding surrounds the
primary winding/coil. A first gap component is located
between one end of the magnetic core and one corre-
sponding end face of the magnetic return path element.
A second gap component is located between the other
end of the magnetic core and the corresponding other
endface ofthe magnetic return path element. The second
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gap component is located symmetrically to the first gap
component in the magnetic core about an axis perpen-
dicular to the core axis. The magnetic core, the magnetic
return path element, the primary winding and the sec-
ondary winding are encapsulated by an encapsulated
material which is an epoxy resin. The gap components
comprises spacers encapsulated inside the epoxy resin
material. The two gap components are formed from an
electrical isolating material and at least for one spacer
from a material with a thermal conductivity greater than
1 W/m/K.The two gap components are formed from a
ceramic material including aluminum-oxide or aluminum-
nitrides. A heat sink surrounds a substantial portion of
the transformer. The heat sink includes a bracket. An
electronic board is attached to the heat sink. The trans-
former includes an insulating housing. An ignition coil
includes a transformer.

[0007] Further features, uses and advantages of the
invention will appear more clearly on a reading of the
following detailed description of the embodiments of the
invention, which is given by way of non-limiting example
only and with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] This invention will be further described by way
of example and with reference to the accompanying
drawings in which:

Figure 1 shows a schematic longitudinal section
through transformer of an ignition coil, in accordance
with one basic example of the invention.

Figure 2 shows a schematic longitudinal section
through transformer of an ignition coil, in accordance
with a further example of the invention.

Figure 3 shows a schematic longitudinal section
through transformer of an ignition coil, in accordance
with another example of the invention.

DETAILED DESCRIPTION OF THE PREFFERED EM-
BODIMENTS

[0009] Figure 1 shows a simple transformer according
to one embodiment of the invention. The transformer
comprises a magnetic core 12, a primary winding 14 and
secondary winding 16, a magnetic return path element
18 and a first gap component 30. The magnetic core 12
extending along a longitudinal axis A’ is generally cylin-
drical in overall shape and includes two ends 20 and 22.
The magnetic return path element 18 is configured to
provide a high permeability magnetic return path, and
has a base section 24 and two end faces 26 and 28. The
typical width for gap component 30 is 0.5 to 2 mm. Gap
components could have different thickness.

[0010] A second gap component 34 is located sym-
metrically to the first gap component 30. More precisely,
the first and the second gap component 30 and 34 are
located between each end faces of section 26 and 28 of
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the magnetic return path element 18 and the respective
ends 20 and 22 of the magnetic core 12. The magnetic
core 12 in combination with the magnetic return path el-
ement 18, and gap components form a magnetic circuit
having a high magnetic permeability.

[0011] The two gap components 30 and 34 may be
formed from ceramic or other material. Preferably this
material has a heat conductivity greater than 1 W/m/K.
The choice of using heat conducting material for one or
two gap components 30 and 34 can be selected to dis-
sipate heat generated by the primary winding 14 and the
secondary winding 16 from the magnetic core 12 to the
magnetic return path element 18 either with a preferential
direction or symmetrically. Preferably the gap compo-
nents 30 and 34 are formed from materials such as ce-
ramics; for example ceramics including aluminum-oxide,
aluminum-nitrides or any similar materials. The addition-
al second gap component 34, arranged symmetrically
about the transverse axis 'B’ to the first gap component
30 in the magnetic core 12, allows balancing of the mag-
netic circuit and by this allows an increase the total flux
of the circuit. As an example, one gap component could
be realized by a permanent magnetic material, whereas
the second gap could be made out of any filling material,
preferably with high thermal conductivity. This transform-
er topology increases the output performance of the
transformer 10 and provides for a smaller more compact
transformer.

[0012] Figure 2 shows a transformer according to an-
other embodiment of the invention. The transformer com-
prises again a magnetic core 12, a primary winding 14
and secondary winding 16, a magnetic return path ele-
ment 18 and two gap components 30 and 34. The trans-
former is encapsulated within e.g. an epoxy material 32
with typical heat conductivities in the range of 0.1 to 1
W/m/K, to provide electrical insulation. The two gap com-
ponents 30 and 34 encapsulated inside the epoxy 32
potting material may be provided by spacers. The two
gap components allow balancing of the magnetic circuit
and by this allow an increase the total flux of the circuit.
The spacers provide the advantage of a lighter trans-
former.

[0013] Theepoxy potting material 32 also provides pro-
tection from environmental factors which may be encoun-
tered during the service life of the transformer. During
the operation of the transformer 10, heat is created dom-
inantly by ohmic losses of the primary winding 14 and
secondary winding 16. This heat is conducted through
the epoxy 32 encapsulation of the transformer to the sur-
face. The transformer 10 mays have an insulating plastic
housing 38 in order to attach, for instance, connectors.
This transformer topology increases the output perform-
ance of the transformer 10 or to further miniaturize its
magnetic circuit.

[0014] Figure 3 illustrates a further refined and pre-
ferred embodiment of the invention. The drawing shows
similar components and reference numerals as before.
The embodiment further however includes a heat sink
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36 and an electronic circuit board 40.

[0015] The heat sink 36 may be attached to the mag-
netic return path element 18 providing a large surface to
reduce the internal temperature of the primary winding
14 and secondary winding 16 during transformer opera-
tion. The heat sink 36 can be attached by means of an
over-mold, welding, clamping directly or any similar
method, to the magnetic return path element18. The heat
sink 36 is preferably made of magnetic or non-magnetic
metal material and allows heat to flow outside of the plas-
tic housing 38. The heat sink 36 may have additional
means to attach to an integrated electronic circuit board
40 and serves by this for dissipating the heat from the
electronic circuit board 40. The electronic circuit board
is preferably used as an electronic control board for the
ignition coil comprising the transformer 10.

[0016] The heat sink 36 may further be formed as a
bracket that can be fixed to a vehicle chassis. Optionally
the bracket can be split into at least two individual ele-
ments. The thickness and contact surface of the heat
sink 36 can be varied so as to provide desired heat dis-
sipation requirements. The shape of the heat sink 36 is
preferably conforms to the shape of the outer surface of
the magnetic return path element 18. Within the inven-
tion, ignition coil topology allows balancing the magnetic
circuit and by this allows increasing the total flux of the
circuit. This can be used either to increase the output
performance or to further miniaturize the magnetic circuit

Claims
1. A transformer (10) comprising:

a magnetic core (12);

a magnetic return path element(18) providing a
magnetic return path for the magnetic core (12);
said magnetic core being generally located be-
tween two end faces (26,28) of the magnetic re-
turn path element (18);

a primary coil or winding (14), surrounding the
magnetic core (12);

a secondary coil or winding (16) surrounding the
primary winding/coil (14);

a first gap component (30) located between one
end (20) of the magnetic core (12) and one cor-
responding end face (26) of the magnetic return
path element (18);

characterized in that a second gap component
(34) is located between the other end (22) of the
magnetic core (12) and the corresponding other
end face (28) of the magnetic return path ele-
ment (18).

2. A transformer (10) as claimed in claim 1 wherein
said second gap component (34) is located symmet-
rically to the firstgap component (30) in the magnetic
core (12) about an axis perpendicular to the core
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axis.

3. A transformer (10) as claimed in any previous
claims wherein the magnetic core (12), the magnetic
return path element (18), the primary winding (14) 5
and the secondary winding (16) are encapsulated.

4. A transformer (10) as claimed in claim 3 wherein
the encapsulating material is an epoxy resin (32).

10
5. A transformer (10) as claimed in any previous
claims wherein at least one of the gap components
(30, 34) is formed from an electrical isolating mate-
rial.

15
6. A transformer (10) as claimed in any previous
claims wherein at least one of the gap components
(30, 34) are formed from a material with a thermal
conductivity greater than 1 W/m/K.

20
7. A transformer (10) as set in any of previous claims
wherein the two gap components (30, 34) are formed
from a ceramic material.

80. A transformer (10) as claimed in claim 7 wherein 25
said ceramic material includes aluminum-oxide or
aluminum-nitrides.

9. A transformer (10) as claimed in any of previous
claims further including a heat sink (36) surrounding 30
a substantial portion of said transformer (10).

10. A transformer (10) as claimed in claim 9 wherein
said heat sink includes a bracket.

35
11. A transformer (10) as claimed in claims 9 or 10
wherein an electronic board (40) is attached to the
heat sink (36).

12. A transformer (10) as claimed in any of previous 40
claims including an insulating housing (38).

13. An ignition coil including a transformer (10) as

claimed in any preceding claim.
45
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