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@) Ignition coil.

@ An ignition coil for developing a spark plug firing
voltage. The ignition coil is comprised of first and
second parts (12,14) that are formed of iron particles
in a binder of electrical insulating material which
define axially spaced end wall portions (12D,14D).
The parts are connected by a core member (16) that
is formed of magnetic material. A primary winding

(18) is disposed about the core member and a
secondary winding (22) is disposed about the pri-
mary winding. An axially extending part (12B,14B)
that is formed of magnetic material is located out-
side of the secondary winding and magnetically con-
nects the end wall portions.
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IGNITION COIL

This invention relates to ignition coils and more
particularly to ignition coils where the magnetic
circuit for the ignition coil is comprised of magnetic
parts that are comprised of powdered iron particles
that are coated with an elecirical insulating material
that forms a binder for the iron particles and which
also electrically insulates the iron particles from
each other to form insulating gaps between the iron
particles.

Ignition coils frequently uiilize laminated steel
material as the magnetic circuit for the primary and
secondary windings. An example of this is dis-
closed in the US patent no. 4,480,377. There are
disadvantages to using steel lamination stacks.
Thus, the use of steel lamination causes size and
shape restrictions in the packaging of the design.
Further, potting materials for ignition coils are not
compatible with sheet electrical steel. Thus, if pot-
ting material is applied to laminated stacks, stress
cracks are produced at the sharp edges of the
steel sheets. Another problem associated with lami-
nated stacks is that the magnetic circuit needs air
gaps which must be precisely adjusted during the
manufacture of the ignition coil. This adjustment of
the air gaps is explained in the above-teferenced
US patent.

An ignition coil in accordance with the present
invention comprises core means which extends ax-
ially and which is formed of magnetic material; a
primary winding disposed about the core means; a
secondary winding disposed about the primary
winding; end wall portions formed of iron particles
in a binder of electrical insulating material, the
electrical insulating material being interposed be-
tween the iron particles to form a plurality of gaps
between the iron particles that operate like air
gaps, the end wall portions being axially spaced
and connected by the core means; and axially
extending means formed of magnetic material, lo-
cated outside of the secondary winding, and mag-
netically connecting the end wall portions, the ax-
ially extending means exiending only part way
about the secondary winding in the circumferential
direction.

It, accordingly, is an object of this invention to
provide an ignition coil where parts of the magnetic
circuit of the ignition coil are formed of iron par-
ticles that are insulated from each other by an
electrical insulating material and where the elec-
trical insulating material binds the iron particles
together. Use of paris formed of iron particles and
electrical insulating material eliminates the design
and manufacturing problems associated with steel
laminations. Thus, the magnstic paris are compati-
ble with potting material. Further, the composite
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iron particles and electrical insulating material can
be moulded into various shapes. In addition, by
utilizing the composite iron particles and electrical
insulating material, no air gap need be provided in
the magnetic circuit that would require adjustment.
Thus, the air gap is distributed throughout the
magnetic circuit because individual particles of
powdered iron are coated with electrical insulation.
Putting it another way, the composite material has
many small gaps distributed throughout the ma-
terial that act like air gaps.

US patent no. 2,885,458 discloses an ignition
coil where an annular or toroidal core is formed of
an iron powder and a binder, such as phenolic
which is moulded to shape. This arrangement dif-
fers from the present invention, in that among other
things, the magnetic circuit is comprised of at least
two parts that are arranged to facilitate assembly of
the primary and secondary windings of the ignition
coil.

The present invention will now be described,
by way of example, with reference to the following
description, and the accompanying drawings, in
which:-

Figure 1 is a sectional view of an ignition coil
made in accordance with this invention;

Figure 2 is an end view of a component of the
ignition coil shown in Figure 1;

Figures 3 illusirates a magnetic part that can be
used in place of certain of the magnetic parts
shown in Figure 1;

Figure 4 is a sectional view taken along line 4-4
of Figure 3;

Figure 5 is a sectional view taken along line 5-5
of Figure 4; and

Figure 6 illustrates a modified magnetic circuit
for the ignition coil of Figure 1.

Referring now to the drawings and more par-
ticularly to Figure 1, the reference numeral 10
designates a (generally cup-shaped) case that is
formed of a moulded plastic insulating material.
Disposed within the case 10 are two (generally L-
shaped) magnetic parts 12 and 14 that form part of
the magnetic circuit for the ignition coil. These
magnetic parts 12 and 14 are formed of a compos-
ite iron powder and selecirical insulating material
which is compression moulded to the shape shown
in the drawings. This composite material will be
described in greater detail hereinafter. The mag-
netic parts 12 and 14 are identical and one of these
magnetic parts is shown in greater detail in Figure
2. For purposes of description, it will be assumed
that magnetic part 14 is shown in Figure 2. The
magnetic part 14 has a rectangular hole 14A, an
axially extending portion 14B that has an circular
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inner surface 14C and a radially extending end wall
portion 14D. Corresponding portions of magnetic
part 12 have been designated as 12A, 12B, 12C
and 12D. The end faces of axially extending por-
tions 12B and 14B are engaged along line 15 to
define axially extending means. This engagement
is maintained by press fitling magnetic parts 12
and 14 between inner opposed surfaces of case
10.

The ignition coil has a core member 16 that is
formed of magnetic material. The core member 16
is rectangular in cross-section to match rectangular
holes 12A and 14A. The core member 16 is in-
serted into rectangular holes 12A and 14A during
assembly of the ignition coil and may have a
press-fit with the rectangular holes. In the final
assembled position of core member 16, the op-
posite ends thereof are located respectively in rec-
tangular holes 12A and 14A. The core member 16
magnetically connects magnetic parts 12 and 14
and it also serves as a core or core means for
primary and secondary windings 18,22 of the igni-
tion coil.

The core member 16 can be formed from a
stack of steel laminations, that is, a plurality of steel
laminations. Alternatively, core member 18 couid
be a solid iron rod or bar. Further, core member 16
could be formed of the same material as magnetic
parts 12 and 14, that is, a moulded composite iron
powder particles and electrical insulating material.

The primary winding of the ignition coil is des-
ignated as 18. it is comprised of a number of turns
of wire that are wound on and supported by a
spool 20 that is formed by insulating material. The
spool 20 and primary winding 18 are disposed
about core member 16.

The secondary winding of the ignition coil is
generally designated as 22. The secondary winding
22 is a so-called segment-wound winding since it
has a plurality of series-connected winding portions
or sections 24 that are wound into annular grooves
formed in a spool 26. Twelve individual winding
sections are shown in Figure 1. The spool 26 is
formed from an electrical insulating material.

To assemble the ignition coil that has been
described, one end of core member 16 can be
inserted into, for example, the rectangular hole 12A
in magnetic part 12. A primary winding unit com-
prised of spool 20 and primary winding 18 carried
thereby is now assembled over core member 16.
Following this a secondary winding unit comprised
of spool 26 and the secondary winding 22 carried
thereby is assembled over the primary winding
unit. The magnetic part 14 is now assembled such
that the end of core member 16 is inserted into
rectangular hole 14A and such that end surfaces of
axially extending portions 12B and 14B are in con-
tact.
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When the various parts have been assembied
as described, they are placed in case 10 and are
then encapsulated by a potting compound formed
of insulating material that is designated as 28. This
potting compound 28 closes the open end of case
10. The poiting compound 28 secures the various
parts of the ignition coil together and bonds to the
case 10 to retain the various parts of the ignition
coil in case 10. Putting it another way, the potting
compound 28 fills open spaces in and around the
various parts of the ignition coil.

Figures 3-5 illustrate a magnetic part 30 that
may be substituted for the magnetic parts 12 and
14 of the ignition coil shown in Figure 1. The
magnetic part 30 is formed of magnetic material of
the same type that is used for magnetic parts 12
and 14, that is, a moulded composite iron powder
particles and electrical insulating material. Magnetic
part 30 has end wall portions 30A and 30B joined
by axially extending portion 30C. End wall portions
30A and 30B, respectively, have (open-ended radi-
ally extending) slots 30D and 30E. The slots 30D
and 30E receive the ends of a core member, like
core member 16 which is press fitted to the slots. It
will be appreciated that axially extending portion
30C performs the same function as axially extend-
ing portions 12B and 14B of the arrangement
shown in Figure 1, and hence defines axially ex-
tending means.

Figure 6 illustrates another modified magnetic
circuit. In Figure 86, magnetic parts 32 and 34 are
substituted for magnetic parts 12, 14 and core
member 16 of Figure 1. Primary and secondary
windings 18 and 22 are shown diagrammatically
and would have spools like the ones shown in
Figure 1. Magnetic parts 32 and 34 are formed of
the same type of magnetic material as magnetic
parts 12 and 14, that is, a composite iron powder
particles and electrical insulating material. Magnetic
part 32 has an axially extending portion 32A, the
end face of which abuts or engages the end face of
axially extending portion 34A of part 34. Axially
extending portions 32A and 34A correspond o
axially extending portions 12B and 14B of Figure 1
and have the same shape as these parts, and
hence define axially extending means. In Figure 6,
the core for primary winding 18 and secondary
winding 22, rather than being a separate part, is
formed by engaged axially extending portions 32B
and 34B of magnetic parts 32 and 34. Axially
extending portions 32B and 34B are integral with
and extend axially from end wall portions 32C and
34C of magnetic parts 32 and 34. Axially extending
portions 32B and 34B can be square in cross-
section like core member 16 or could have a
circular cross-section.

As previously described, magnetic parts 12,
14, 16, 30, 32 and 34 can all be formed of a



5 EP 0 412 679 A1 6

composite magnetic material, that is, particles of
powdered iron in a binder formed of electrical
insulating material. The final compression moulded
product should be such that individual iron particles
are coated by the electrical insulating material. The
insulating material then forms two functions, name-
ly, it insulates iron particles from each other and it
binds the iron particles together. The electrical
insulating coating on and between iron particles act
like many small air gaps distributed throughout the
composite material. The gaps, of course, are not
actually formed of air, but since insulating material
has about the same permeability as air, an air gap
effect is achieved.

This invention is not restricted to the type of
iron particle powder that is used nor 1o the type of
particle insulation that is used. The mean particle
size of the iron particles may be about 0.imm
(0.004 inches). One example of an iron powder is a
Hoeganeas Corp. 1000B powder. This iron powder
can be mixed with a suitable epoxy resin powder
and the mixiure is then compacted in a press or
mould to the desired shape. The shaped part is
then cured and the resultant product is a material
where the iron particles are insulated from each
other by the epoxy insulating material which also
serves to bind the iron particles together. The final
product may have a range of about 0.5 fo 2% by
weight of epoxy material with the remainder being
iron particles.

The composite material may be comprised of
iron particles which are bound together and sepa-
rated by a cured thermoplastic material. Thus, iron
particles of a mean particle size of about 0.1mm
{0.004 inches) can be coated with a thermoplastic
material. The coated particles are placed in a heai-
ed mould and then compression moulded to the
desired shape and density. The final product is a
composite part that is comprised of cured thermo-
plastic material and iron particles. The cured ther-
moplastic materials binds the iron particles togeth-
er and serves to insulate a majority of the iron
particles from each other. However, it is possible
that some of the iron particles will become en-
gaged during moulding pressure but the final prod-
uct has a multiplicity of gaps that act like air gaps.
The final moulded part, by volume, may be about
96% iron particles and about 4% thermoplastic
material.

In a conventional ignition coil design utilizing
sheet metal laminations, the density of the sheet
steel is a constant value. Therefore, the amount of
fron designed into the circuit (to prevent saturation
of the circuit with flux density) is conirolled by the
cross sectional area and stacking factor of the
lamina. Also, the steel sheet is continuous, there-
fore, the air gap designed into the circuit (to control
the primary inductance needed to provide the de-
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sired energy storage) is controlled by the amount
that is physically cut out of the circuit. In an ignition
coil design utilizing electrically insuiated iron par-
ticles, the density of the powdered metal form is
variable. Therefore, the amount of iron designed
into the circuit is confrolled by the cross sectional
area and the density attained by the powdered
metal compaction process. Also, the powdered iron
particles are insulated from each other by the elec-
trical insulating coating, therefore, the air gap de-
signed into the circuit is controlled by the number
of coated powdered iron particles present in the
powdered metal form and the space between them.
The number of coated iron particles present and
the spacing between them are determined by the
length of the flux path designed in the form, the
cross sectional area, and the density attained by
the powdered metal compaction process.

There is a relationship between the amount of
iron and air gap present with respect to the flux
density generated in the powdered metal form.
This relationship can be explained as follows. For a
given ignition coil design, utilizing a known pow-
dered metal material quantity, the quantity of iron
and amount of air gap needed to provide the
desired ignition coil performance can be deter-
mined. Then, to develop the size and shape of the
magnetic circuit, the cross sectional area must be
made optimum. If there is not enough cross sec-
tional area, the flux density will be too high and
saturate the iron. The iron saturation will cause
poor performance due to low energy transfer effi-
ciency and high core losses. If thers is too much
cross sectional area, the flux density will be too low
and the lines of flux will bypass the air gaps. The
number of gaps present may have been sufficient
to provide enough stored energy, but they were not
all utilized in the magnetic circuit. Therefore, there
will still be an apparent saturation of the iron and a
poor performance due to low energy transfer effi-
ciency and high core losses.

Therefore, when there is too much iron in the
magnetic circuit because of too much cross sec-
tional area, even though the cumulative air gap
caused by the iron particle coatings and the spac-
ing between the iron particles is correct with re-
spect to the ignition coil design, the lines of flux
are selective and only utilize a portion of the air
gaps. This results in an undesirable situation. If the
situation is over corrected by reducing the cross
sectional area too much, the iron becomes satu-
rated. This results in an undesirable situation. The
point where the iron is bsing fully utilized but not
saturated, and the air gaps are being fully utilized
but not saturated is the design window desired for
the most efficient ignition coil design utilizing elec-
trical insulated powdered metal particles for the
magnetic circuit.
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To achieve optimum results, the magnetic cir-
cuit is designed in a manner that has been de-
scribed with due regard to the electrical perfor-
mance to be achieved by a given ignition coil
design. 5
Aftention is drawn to our patent application no.
(MJD/3335), filed the same day as the present
application.

10
Claims

1. An ignition coil comprising core means (16)
which extends axially and which is formed of mag-

netic material; a primary winding (18) disposed 15
about the core means; and a secondary winding

(22) disposed about the primary winding; charac-
terised by end wall portions (12D,14D) formed of

iron particles in a binder of electrical insulating
material, the electrical insulating material being in- 20
terposed between the iron particles to form a plu-

rality of gaps between the iron particles that op-

erate like air gaps, the end wall portions being
axially spaced and connected by the core means;

and by axially extending means (12B,14B) formed 25
of magnetic material, located outside of the secon-

dary winding, and magnetically connecting the end

wall portions, the axially extending means extend-

ing only part way about the secondary winding in

the circumferential direction. 30
2. An ignition coil according fo claim 1, wherein the

core means (16) is comprised of a plurality of steel
laminations.

3. An ignition coil according to claim 1, wherein the

core means is an iron rod. 35
4. An ignition coil according to claim 1, wherein the

core means (32B,34B) is comprised of the same
material as the end wall portions (32C,34C).

5. An ignition coil according to claim 1, wherein the

core means is comprised of engaged axially exteh- 40
ding portions (32B,34B) of the end wall portions
(32C,340).

8. An ignition coil according to any one of claims 1

to 5, wherein the axially extending means that is

" located outside of the secondary winding (22) is 45
comprised of axially extending engaged portions
(12B,14B,32A,34A) of the end wall portions
(12D,14D,32C,34C).

7. An ignition coil according to any one of claims 1

to 5, wherein the axially extending means that is 50
focated outside of the secondary winding (22) is
comprised of an axially extending length (30C) of
material that is of the same type as the material of

the end wall portions (30A,30B) and which is in-
tegral therewith. 55
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