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(54) Encapsulation of a high frequency resonator for the ignition system of an internal combustion 
engine

(57) The invention discloses a method to manufac-
ture a high frequency electrical resonator for the ignition
system of an internal combustion engine, the method
comprising the steps of:
providing a coil (50) and a tubular electrically conductive
shield (30),
manufacturing a tubular encapsulation pre-form (40)
having outer and inner dimensions such that the coil (50)

freely enters the pre-form (40) which can itself fit inside
the shield (30),
inserting the pre-form (40) inside the shield (30),
placing the coil (50) inside the pre-form (40) and,
filling the gap between the coil (50) and the pre-form (40)
with a dielectric fluid (60) having a viscosity enabling to
entirely fill the gap.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
manufacturing a high frequency ignition resonator and
to the resonator made with the method disclosed.

BACKGROUND OF THE INVENTION

[0002] Ignition coils providing controlled ignition for au-
tomotive gasoline engines are built using a typical trans-
former like concepts. This implies to have a dense pack-
aged primary and secondary winding which are tightly
encapsulated. An alternative method to deliverer ignition
energy to the combustion process is to use resonance
structures. In this case, a single inductor and capacitor
is tuned such that under resonance condition very high
voltages are delivered. Such resonance structures are
described too by capacitive loaded quarter-wave trans-
mission lines. In both cases a very simple coil is needed.
[0003] These resonances have extremely well defined
geometric structures. The ignition current is typically con-
ducted though the coil and the current return path is well
defined by a conductive outer coaxial return.
[0004] Between the simple coil and the coaxial return
path very high voltages are built-up such that a suitable
encapsulation is needed to provide high dielectric
strength superior to 40 kV.mm-1, low parasitic capaci-
tance tending to favor design with thick layer, and low
dielectric loss - tan (δ) - inferior to 10-4. The dielectric loss
factor - tan (δ) where δ is the lag angle between the cur-
rent and voltage originated by dielectric losses - is a
measure of the weak conductivity of a dielectric material.
It provides an indicator of how much real power gets
pushed through an insulator and can be calculated as
the ratio of the real power applied to the dielectric over
the reactive power that gets through the dielectric. The
dielectric loss factor gives a good value to express the
generated heat in relation to the stored energy of a spe-
cific dielectric material: lower tan (δ) less heat, less loss.
[0005] Due to requirement of providing very high volt-
ages, a particular attention of how to encapsulate these
coils is needed.
[0006] Conventional encapsulation methods are using
vacuum potting method of the ignition coil using a mate-
rial of very high dielectric strength. The insulation thick-
nesses between the winding layers are well experimen-
tally proven and typically much less than 1mm.
[0007] Unfortunately these materials have an intrinsic
disadvantage of high dielectric losses at elevated fre-
quencies (f> 1MHz). Materials with a high dielectric loss
factor (tan(δ) > 10-2) are not suitable for the encapsulation
of high frequency resonance structure. Such high dielec-
tric loss will ultimately increase the primary electrical
power requirement, furthermore physical size of such
power generator hinder any automotive on-board oper-
ation.

[0008] Alternative materials are any materials with low
dielectric loss and usable at harsh under-hood temper-
ature condition. Furthermore, such materials and a suit-
able process will have to provide encapsulated coils in-
side the before mentioned coaxial current return path with
no electrical break down under the generated AC-volt-
ages at all the environmental conditions.
[0009] The materials of choice are all materials similar
to polytetrafluoroethylene PTFE, or perfluoroalkoxy PFA
and Silicon-Types. Unfortunately, these materials are dif-
ficult to process and expensive to purchase. Further-
more, this choice of material has a consequence on the
material of the wire. Indeed the high processing temper-
atures, superior to 400 °C for PTFE or FPA, forbids the
classical use of enameled copper winding to build the coil.
[0010] Because of the differential voltages between
the individual turns of the winding particular attention is
needed for a most void free encapsulation.
[0011] The thermal expansion of mentioned materials
are high tending to generate voids and cracks within the
encapsulation material by just leaving processing tem-
perature (400 °C) and reaching operational temperature
(about 100 °C). High stress is introduced which may lead
to encapsulation cracks and dielectric failures. Even if
these problems are solved, than normal thermal cycling
still provokes stresses in the materials and therefore
tends for cracks and or voids.
[0012] Furthermore, the section between such sub-
assembly coil spool and the encapsulation tend not to
chemically bond using these materials and it can be dem-
onstrated that at any case a certain amount of voids will
remain. The solution to this behavior is to expand the
pitch between the winding itself such that at any circum-
stance no corona alike behavior is blocking the reso-
nance.
[0013] There is a need for a method to encapsulate an
enameled copper coil, still using the proposed materials
while reducing the risk of non desired side effects such
as voids and thermally provoked electric stress failures.

SUMMARY OF THE INVENTION

[0014] Accordingly, it is an object of the present inven-
tion to provide a method which enables to manufacture
an encapsulated ignition resonator free of the above
mentioned problems.
[0015] In carrying out the above object and other ob-
jects, features, and advantages, the present invention
provides a method according to claim 1.
[0016] In particular, the present invention discloses a
method to manufacture a high frequency electrical res-
onator for the ignition system of an internal combustion
engine. The method comprising the steps of providing a
cylindrical core around which is wound a conductive wire
for making a coil; providing a tubular electrically conduc-
tive shield; the method further comprises the steps of
manufacturing a tubular encapsulation pre-form having
outer and inner dimensions such that the coil freely enters
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the pre-form which can itself fit inside the shield. Once
the components available the method consists in assem-
bling said components in inserting the pre-form inside
the shield; placing the coil inside the pre-form, thus cre-
ating an annular gap between the coil and the pre-form;
providing a dielectric fluid and filling the gap with said
dielectric fluid, the fluid having a viscosity enabling to
entirely fill the gap. The fluid advantageously entirely fills
the gap leaving the assembly free of voids. Furthermore,
in operation the fluid permanently compensates the ther-
mal expansion differences between the components. In
particular the gap may comprise a main void between
the diameter of the coil, measured over the wire turns,
and the internal diameter of the pre-form, the main void
being between 0.1 mm to 10 mm. Also, the wire may be
wound so the turns are not contacting each other leaving
a minor void between consecutive wire turns, the minor
void being in fluid connection with the main void, the fluid
filling the minor void. A preferred solution is to use a sil-
icone based fluid which has the required dielectric prop-
erties and which is economically affordable. In particular
the fluid may be an oil, a gel, a polyethelene (LDPE) or
a polymethylpentene. More precisely, the fluid should
have dielectric loss factor inferior to 10-2. The pre-form
should also have a dielectric loss factor inferior to 10-2.
To achieve this the material of the pre-form can be pol-
ytetrafluoroethylene (PTFE) or perfluoroalkoxy (PFA).
The method further comprises the step of providing a
cap, and installing said cap such that the pre-form, the
coil and the fluid are advantageously retained inside the
shield.
[0017] The invention is also about a high frequency
resonator for an internal combustion engine comprising
a tubular shield surrounding a tubular dielectric pre-form
in which is placed a single layer coil, the voids between
the coil and the pre-form being filled by a dielectric fluid.
The coil may have non contacting consecutive turns, the
dielectric fluid filling the minor void between the turns of
the wire, the dielectric fluid being silicone gel or silicone
oil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present invention is now described by way
of example with reference to the accompanying drawings
in which:

Figure 1 is a general view of a high frequency reso-
nator in place in a cylinder head of an internal com-
bustion engine.
Figure 2 is a section of the resonator of Figure 1
comprising an external shield, a pre-form and a coil.
Figures 3 to 7 details in five consecutive steps the
method as per the invention:
Fig. 3 is a section of the external shield;
Fig 4 is a section of the pre-form;
Fig. 5 is the assembly of the pre-form into the shield.
Fig. 6 is a section of the assembly of Fig. 3.3 where

is further placed the coil inside the pre-form.
Fig 7 is a section of the resonator after potting a fluid
between the coil and the pre-form.
Figure 8 is a magnified section of the assembly of
Figure 7 detailing wire turns of the coil.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] In the following description for clarity purpose
a bottom-top orientation is used as in Figure 1. The terms
"bottom", "top" "over" "under" "above" "below" will ease
the description without any intent to limit the scope of the
invention.
[0020] In a motor vehicle, Figure 1 sketches a high
frequency resonator 10 placed in a cylinder head. The
resonator extends along a longitudinal axis A and con-
nects the spark plug 20 of the cylinder head. As per Figure
2, the high frequency resonator 10 comprises an external
shield inside of which is placed a dielectric pre-form 40,
itself containing a single layer coil 50, the gap between
the coil 50 and the pre-form 40 being filled with a fluid
60. A cap 70 seals the assembly at the top.
[0021] A process to manufacture the resonator 10 is
represented by the series of Figure 3 to 7.
[0022] The initial step of the method as per the inven-
tion consists in providing the individual components.
[0023] The shield 30 (Fig. 3) is a metallic tube open at
both extremities, longitudinally extending from a top ex-
tremity 32 to a distant bottom extremity 34. The shield
30 is open at both extremities 32, 34, and is further pro-
vided at its bottom extremity 34 with an internal annular
restriction forming a step 36 inwardly extending. From a
material stand point, the shield 30 being a return path for
the current has to be highly conductive at least on its
inner surface 38. Copper is a preferred material to
achieve this necessary high conductivity. Dimensionally
the shield 30 should have a wall thickness 1 to 5 time the
skin depth of the copper conductive portion. The skin
depth is defined as the depth below the surface of the
conductor at which the current density decays to 1/e of
the current density at the surface. It can be calculated
as: d = (2p / ωP)1/2.

where ρ = resistivity of conductor [Ωm].
ω = angular frequency of current = 2π x fre-

quency.
 P= absolute magnetic permeability of con-

ductor [Hm-1].
[0024] From manufacturing stand point the shield 30
can be extruded or rolled or any other conventional proc-
ess. Although copper is designated as a preferred ma-
terial, alternative choices are possible provided the nec-
essary conductivity property of the material.
[0025] The pre-form 40 (Fig. 4) is made of a dielectric
material such as the commonly utilized for this type of
application polytetrafluoroethylene [PTFE] or perfluoro-
alkoxy [PFA]. The dielectric property is required to pre-
vent shorts between the coil (50) and the shield (30) the
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electrical high frequency current travelling through the
coil (50) while the shield (30) is a return path to the
ground, as the coil (50) will be placed inside the pre-form
(40). A dielectric loss factor tan (δ) inferior to 10-2 is pre-
ferred. The pre-form 40 is a tube open at both ends, lon-
gitudinally extending from a top end 42 to a bottom end
44. The pre-form 40 is open at both ends 42, 44, and
radially limited by a wall 46. Externally, the pre-form 40
is a cylinder of revolution that is just slightly smaller than
the shield 30 internal section. Internally, the pre-form 40
comprises two contiguous and coaxial hollow sections,
a cylindrical upper section 46U and a lower section 46L
which second diameter D2 is smaller than the first diam-
eter D1 of the upper section 46U. Consequently, a radial
step 48 inwardly extends at the intersection of the upper
46U and lower 46L sections. From a manufacturing stand
point, a pre-form 40 made of PTFE can be hot pressed,
sintered and machined and, if made of PFA, it can be
injection moulded to the final required shape. Alterna-
tively, other materials having similar dielectric properties
may be used and processed accordingly.
[0026] The coil 50 (Fig. 6 and Fig. 8) is a single layer
coil with turns rolled around a non conductive core 52. A
wire 53 commonly utilized for the purpose is of copper.
The coil length is substantially equal to the length L1 of
the upper section 46U and the coil diameter Dc is smaller
than the first diameter D1 of said upper section 46U. The
coil diameter Dc is understood to be the diameter meas-
ured over the wire 53 turns. It is then equal to the diameter
of the core 52 augmented of two times the wire diameter.
In a preferred embodiment two consecutive turns are not
in contact with each other (Fig. 8) thus leaving a minor
void 59 between the turns of the wire 53. As the wire 53
is continuous and helicoidally wound around the core 52,
the minor void 59 is also continuous and helicoidally
formed about the core 52. Alternatively to copper, other
material may be chosen for the wire 53 provided it has
sufficient electrical conductivity properties. Also, a coil
wound with in-contact adjacent turns is possible.
[0027] For electrical connection purposes, the coil 50
receives an upper terminal 54 and a lower terminal 56.
[0028] Once provided the shield 30 and the pre-form
40, the consecutive step consists in assembling the pre-
form 40 inside the shield 30 (Fig. 5). The pre-form 40 is
inserted by presenting its bottom end 44 to the top ex-
tremity 32 of the shield 30 than, by axially engaging along
the axis A, the pre-form 40 in the shield 30 until said
bottom end 44 abuts against the internal step 36 formed
at the bottom extremity 34 of the shield 30. When in abut-
ment, the pre-form 40 is entirely inside the shield 30 and
is ready to receive the coil 50.
[0029] It is to be noted that the pre-form 40 may have
been made slightly larger that the internal section of the
shield 30, thus the insertion requires to holding the shield
30 while the pre-form 40 is axially press-fitted into it. Once
in place no additional feature is required to hold the pre-
form 40 inside the shield 30.
[0030] Alternatively, the pre-form 40 may be made

smaller than the inner section of the shield 30, thus re-
quiring fixing features (not represented) to maintain the
pre-form 40 in place inside the shield 30. As non limiting
examples pressing screws, crimping or an annular ele-
ment that internally fits the pre-form 40 and externally fits
the shield 30 could maintain the pre-form 40 in the shield
30. In place, the shield (30) and the pre-form (40) are
coaxial to the longitudinal axis A.
[0031] Afterward, the coil 50 is axially fully inserted into
the upper section 46U of the pre-form 40 (Fig. 6). As the
coil diameter Dc is smaller than the diameter D1 of the
upper section 46U, a gap 57 remains between said com-
ponents. The gap 57 comprises a main void 58 that is
the annular volume comprised between the coil diameter
Dc and the upper section diameter D1, as well as the
minor void 59, both voids 58, 59, being in full fluid con-
nection with each other.
[0032] When inside the upper section 46U and against
the radial step 48, the lower part of the coil 50 slightly
engages with a little press fit the lower section 46L of the
pre-form, so the coil 50 is maintained coaxial to the pre-
form 40 during the assembly process. Alternatively to this
press-fit, other feature holding the coil 50 coaxially to the
pre-form 40 are possible.
[0033] The next step of the process consists in filling
the gap 57 with a fluid having physical properties enabling
the resonator 10 to perform. In particular the viscosity of
the fluid 60 has to be low enough to enable the fluid 60
to flow in every little area of the main void 58 and inside
the minor void 59. Also, the fluid 60 has to have low di-
electric properties in order not to transmit electrical cur-
rent under high frequency that would distort the coil 50
performance. A fluid having a dielectric loss factor inferior
to 10-2 is preferred. Furthermore, when in operation the
elements of the resonator submitted to the underhood
environment will thermally expand. The fluid 60 must be
able to compensate for the differential thermal expansion
of the core 52, the wire 53 and the pre-form 40. Provided
this compensation, undesirable voids would create
around the wire 53. Silicone gel or silicone oil (Fig. 7, Fig.
8) have the required properties and can be utilized for
the purpose. Other choices are possible.
[0034] Preventing the fluid 60 from accidentally exiting
the pre-form 40 is important and an adequate sealing
solution needs to be put in place depending on the fluid
60 chosen. For instance, silicone gel gets UV cured
and/or heat cured at elevated temperature and it trans-
forms into tacky gel. So, if used, the press-fit coil 50-to-
pre-form 40 is sufficient to seal the assembly and, after
curing the gel, no further protection is needed and the
cured gel stays in the gap 57.
[0035] Alternatively to the gel, silicone oil remains liq-
uid so to prevent from dropping out a cover (not repre-
sented) or seal is required to be added.
[0036] The cap 70 is placed at the top and seals the
upper extremity 32 of the shield 30. The cap is made of
electrically conductive material such as copper. Addition-
ally to locking the assembly it provides electrical conti-
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nuity for the shield 30. The cap 70 can be permanently
fixed to the shield 30 thanks to welding, clamping or
crimping or any other process providing sealing and elec-
trical connection.
[0037] A standard O-ring 80 is placed at the bottom of
the resonator (Fig. 2) and provides sealing between the
dielectric insulation pre-form 40 and the ceramic shaft of
the spark plug 20. The O-ring 80 aims at overcoming
gaps from dimensional differences of the ceramic shaft
at avoiding electrical surface discharges along the ce-
ramic shaft to ground. An annular groove into the pre-
form 40 helps to positioning and retaining the O-ring 80.
[0038] Alternatively to the above described sequence
steps for the assembly, the necessary quantity of fluid
60 may be poured in the pre-form 40 prior to engaging
the coil 50 inside said pre-form 40. An adequate sealing
device placed by the radial step 48 is to be provided.

Claims

1. Method to manufacture a high frequency electrical
resonator (10) for the ignition system of an internal
combustion engine, the method comprising the
steps of:

providing a cylindrical core (52) around which is
wound a conductive wire (53) for making a coil
(50),
providing a tubular electrically conductive shield
(30),
the method being characterized in that is fur-
ther comprises the steps of
manufacturing a tubular encapsulation pre-form
(40) having outer and inner dimensions such
that the coil (50) freely enters the pre-form (40)
which can itself fit inside the shield (30),
inserting the pre-form (40) inside the shield (30),
placing the coil (50) inside the pre-form (40),
thus creating an annular gap (57) between the
coil (50) and the pre-form (40),
providing a dielectric fluid (60) and,
filling the gap (57) with said dielectric fluid (60),
the fluid (60) having a viscosity enabling to en-
tirely fill the gap (57).

2. A method as set in claim 1 wherein the gap (57)
comprises a main void (58) that is between the di-
ameter of the coil (Dc), measured over the wire turns,
and the internal diameter (D1) of the pre-form (40),
the main void (58) being between 0.1 mm to 10 mm.

3. The method as set in any of the preceding claim
wherein the wire (53) is wound so the turns are not
contacting each other leaving a minor void (59) be-
tween consecutive wire turns, the minor void (59)
being in fluid connection with the main void (58), the
fluid (60) filling the minor void (59).

4. A method as set in any of the preceding claim where-
in the fluid (60) is silicone based.

5. A method as set in any of the preceding claim where-
in the fluid (60) is oil or a gel.

6. A method as set in any of the claim 1 to 3 wherein
the fluid (60) is polyethelene (LDPE).

7. A method as set in any of the claim 1 to 3 wherein
the fluid (60) is polymethylpentene.

8. The method as set in any of the preceding claim
wherein the fluid (60) has dielectric loss factor inferior
to 10-2.

9. A method a set in any of the preceding claim wherein
the pre-form (40) has a dielectric loss factor inferior
to 10-2.

10. A method as set in any of the preceding claim where-
in the material of the pre-form (40) is made of poly-
tetrafluoroethylene (PTFE).

11. A method as set in any of the claim 1 to 9 wherein
the material of the pre-form (40) is made of perfluor-
oalkoxy (PFA).

12. A method as set in any of the preceding claim further
comprising the step of:

providing a cap (70), and installing said cap (70)
over the shield (30) such that the pre-form (40),
the coil (50) and the fluid (60) are retained inside
the shield (30).

13. A high frequency resonator (10) for an internal com-
bustion engine comprising a tubular shield (30) sur-
rounding a tubular dielectric pre-form (40) in which
is placed a single layer coil (50), the voids (58, 59)
between the coil (50) and the pre-form (40) being
filled by a dielectric fluid (60).

14. A resonator as set in claim 13 wherein the coil (50)
has non contacting consecutive turns, the dielectric
fluid (60) filling the minor void (59) between the turns
of the wire (53).

15. A resonator as set in any of the claim 13 or 14 wherein
the dielectric fluid (60) is silicone gel or silicone oil.
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