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(57) Abréegée/Abstract:

The present invention refers to an apparatus for raising the spark energy in capacitive ignition systems comprising at least one
charge winding (L1) which via a first rectifier device (D1) charges a charge capacitor (C1) connected to the primary winding of an 5
ignition voltage transformer in order to provide said primary winding with energy for generation of a spark characterised In that
additionally a second rectifier device (D2) and a switching device (Q2) are arranged In such a way that the switching device
periodically can short circuit the charge winding and thereby Iincrease the charge of the charge capacitor at low engine speeds.
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w={ (57) Abstract: The present invention refers to an apparatus for raising the spark energy in capacitive ignition systems comprising at
[~ leastone charge winding (L.1) which via a first rectifier device (D1) charges a charge capacitor (C1) connected to the primary winding
& of an 5 ignition voltage transformer in order to provide said primary winding with energy for generation of a spark characterised in
& that additionally a second rectifier device (D2) and a switching device (Q2) are arranged in such a way that the switching device
e\ periodically can short circuit the charge winding and thereby increase the charge of the charge capacitor at low engine speeds.
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METHOD AND APPARATUS FOR RAISING THE SPARK ENERGY IN
CAPACITIVE IGNITION SYSTEMS

TECHNICAL FIELD

The present invention refers to a method and an apparatus for raising the spark energy,
especially in small so called “Capacitive Discharge Ignition (CDI)” systems without
batteries for combustion engines at which the 1gnition voltage 1s generated by means of

a generator and associated control circuitry connected to or integrated in the flywheel.

The invention can be implemented without the necessity of changing external
conditions as e.g. the intensity of magnetisation, 1ron cores etc. in an existing
generator. More generally the 1dea of the invention could be used in order to create a
more powerful voltage generation especially at small mobile internal combustion

engine systems.

BACKGROUND ART

The method and the apparatus have special application at small, mobile, manually
started internal combustion engine powered devices as €.g2. accessories of different
types as chainsaws, lawnmowers and outboard motors and the like. Especially at low
speed, e.g. at start of such accessories, conventional 1gnition systems have difficulties

to deliver sufficient spark energy in order to ensure a quick and reliable start.

The patent document US 6701896 shows a method by means of which the burning time
for the spark could be prolonged which gives an increase of the energy. But the method

only gives small or no additions of energy at low speed.

BRIEF DESCRIPTION OF THE INVENTION

The object of the invention 1s to considerably raise the available energy in the spark by
means of a very cost effective circuit according to the 1dea ot the invention. This 1s
especially true for low speeds, e.g. at start, when the problem with low spark energy 1is

particularly accentuated.

The method according to the invention makes 1t possible to use energy which in known

conventional systems simply is not taken care of. Conventional CDI systems, cf. for
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instance US 6701896 and the following description, have a so called “charge winding”
arranged on an 1ron core in a magnetic circuit which 1s activated once per engine

rotation.

The 1induced voltage over this charge winding 1s charging a capacitor via a rectifier
with energy once per engine rotation. The capacitor 1s then cyclically decharged
through another winding on the same or another 1iron core which constitutes the
primary winding of a transtormer and the associated secondary winding generates

spark voltage to a sparkplug.

The voltage over the charge winding 1s mainly proportional to the number of turns of
the winding and the rotation speed of the engine. On one hand one wishes a high
number of turns on the charge winding at low engine speeds in order to create an
acceptable charge voltage and on the other hand one would have wished a lower
number of turns at high engine speeds 1n order not to expose the capacitor for

overvoltages.

The method and apparatus according to the invention gives a possibility for instance to
optimise the number of turns of the charge winding for high engine speeds and at the
same time 1t gives a possibility to keep a good charge level on the capacitor at lower

engine speeds.

This 1s achieved by adding two relatively low cost components to the conventional
circult - namely one additional rectifier diode and one transistor which can short circuit
the charge winding. Due to the fact that the charging pulse from the charge winding is
relatively long at low engine speeds 1t 1s possible by means of switching said transistor
on and off at a certain frequency to make the charging procedure for the capacitor more
efficient at the same time as the additional energy is controlled so that the charge

voltage over the capacitor 1s not reaching harmful levels.

In the future environmental demands could require small engines of the type here
discussed to be provided with fuel injection systems in stead of carburettors. This gives
better possibilities to supervise and control the combustion, 1.e. you get more power,
less fuel consumption, cleaner exhaust gases etc.. One problem with switching to fuel
injection systems 1s that these systems require considerably more energy. The fuel has
as we know to be pressed into the cylinder during the compression phase. This 1s

usually done by means of an electrically powered injector which requires considerable
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energy. Due to the fact that at mobile, portable systems, in view of the weight, one
does not wish to add a battery, the flywheel related generator must consequently
deliver this energy. Irrespective of how one chooses to design this generator 1t will be
necessary to optimise the same for delivering a lot of energy to an injection system at
considerably lower voltage than what 1s required for charging of the charge capacitor
of the CDI system. Also this problem can be addressed by means of the method
according to the invention, 1.e. a low voltage winding could by means of the method

according to the invention generate a ““high voltage” to the charge capacitor.

An additional advantage with the method and apparatus according to the invention 1s
that the existing so called environmental friendly fuels (e.g. E85) with different
additions of ethanol could be used without the operation being atfected by as serious
problems as with a conventional ignition system. The start of a cold engine with some
kind of ethanol fuel requires higher spark energy than the start with pure gasoline due
to the fact that the vaporisation of ethanol i1s definitely inferior and therefore has a less

good inflammability.

An additional advantage with the invention 1s that said additional transistor which will
be apparent from the following could be used in order to limit or completely turn off
the charging function. This fact could be used in order to provide a so called “one-
push-stop”-function at which an instantaneous pressing of a button is detected which 1s
used for completely short-circuiting the charge winding by means of the transistor so

that no energy reaches the charge capacitor which causes the engine to stop.

By means of the transistor the voltage level of the charge capacitor could also be
controlled. The control could for instance be carried out according to the following:

At low engine speed the additional transistor will be pulsed according to diagram 2 for
increasing the charge voltage. When the speed increases and 1s approaching for
instance 5-6000 rpm the opposite problem could arise - that is the voltage over the
charge capacitor reaches levels which could exceed the rated voltage of the capacitor in
which situation the transistor could be used to short circuit part of the charge pulse and

thereby limit the charge voltage to sate levels.

The present invention which solves the described technical problems with prior known

solutions 1s characterised according to the following claims.
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DESCRIPTION OF THE DRAWINGS

Further objects, uses and advantages with the invention will be apparent from the

following description which 1s given with reference to the appended drawings on which:

Fig. 1 schematically shows an example of an implementation of the method according
to the 1nvention.
Fig. 2a and 2c¢ show waveforms at two measuring points 1n a conventional circuit.

Fig. 2b and 2d show corresponding waveforms in a circuit according to the invention.

DESCRIPTION OF EMBODIMENTS

In Fig. 1 1s schematically shown a circuit diagram in a somewhat simplified form of a
typical CDI-system for small engines which has been modified according to the
invention. An iron core T'1 provided with four conventionally arranged windings 1s
magnetised by means of one or several magnets integrated in the flywheel which at the
rotation of the flywheel will sweep past the end portions of the iron core. The variant
with several magnets could be used for providing from a generally point of view a
more powerful generator which 1n addition to the function as 1gnition voltage generator
also could be used for other purposes for example fuel injection systems or handle
heating on chain saws. The relative magnet movement induces a voltage in the

windings L.1-4 according to the following.

The winding L1 is the so called charge winding in which 1s induced a voltage which 1s
used for the spark generation as such. The winding L1 1s via one of its end points 1
connected via the rectifier devices D1 and D2 to the charge capacitor C1 in which the
energy will be stored until the spark will be activated. The other end point 2 1s

connected to earth.

The winding L2 is the so called trigger winding. This winding 1s connected between
earth 7 and the input terminal IN1 on the control unit M1 and delivers to this input
terminal information about the position and velocity of the tlywheel. It could be noted
that the control unit M1 1s an only slightly modified version of a known conventional

control unit.

The winding L3 constitutes the primary winding and L4 the secondary winding of a

transformer for generating ignition voltage to the spark plug SP1.
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In a conventional way the output terminal OUT1 on the control unit M1 is activated
when the 1gnition voltage should be delivered to the spark plug. The switching device
(the thyristor) Q1 the trigger electrode of which 1s connected to the output terminal
OUT]1 creates a current path to earth which results in the connection of the voltage
over the capacitor C1 to the primary winding L3. Initially a voltage transient is then
generated in the secondary winding .4 due to the very high voltage derivative in the
test point TP2 at the anode of the thyristor. Immediately thereafter the state in the
transformer LL3/L4 changes into a damped self-oscillation in which the energy transits
between the inductor L3 and the capacitor C1 through the switching device Q1 and the
rectifier D2, 1n the form of a shunt diode D?2.

It 1s also possible to 1magine other both resonant and non-resonant circuits for spark

generation without departing from the scope of the invention.

The output terminal OUT2 on the control unit M1, which constitutes a modification of
a conventional control unit easily made by someone skilled in the art, 1s connected to
the control input terminal on a transistor Q2 the main electrodes of which are
connected between earth and the common point between the rectifier devices D1 and
D2. Thus, the transistor Q2 can when activated connect the common point between the

rectifier devices D1 and D2 to earth and thereby short circuit the winding L1.

The signal at the output terminal OUT?2 from the control unit M1 1s now arranged 1n
such a way that it during the half period of the induction voltage over the winding L1
at which the charging of the capacitor C1 takes place periodically short circuits the
winding L1.

During these periods when Q2 1s “on™ a current circulates in the circuit L1/Q2 by
means of the induction from the magnet in the flywheel - which are followed by a
period when Q2 1s “off”” when the charging of C1 takes place. This method gives,
especially at low speeds when the induction in L1 1s low but long lasting, the

possibility to charge C1 to much higher voltage than what 1s 1n reality induced in L1.

The components required for implementation of the method according to the invention
on a conventional CDI-system are merely the extra rectifier device/diode D3 and the

transistor Q2 and suitable supplementary logic in the control unit M1 in order to drive
the output OUT2.
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skilled 1n the art and creates only a negligible increase of the complexity of the control
unit M1.

The transistor Q2 does not have to be a MOSFET-transistor as in this example and
neither have the rectifier devices D1/D3 to be implemented exactly as the circuit
diagram indicates - 1t would for instance be possible to replace D1 with a complete

rectifier bridge without departing from the scope of the inventive method.

In Fig. 2a and 2b respectively are shown voltage as a function of time at the test points
TP1, 2, 3 1n the circuit diagram according to figure 1 at the engine speed of 600 rpm.
Fig. 2a shows a conventional charge procedure in which only one rectifier diode 1s
used for the charging and Fig. 2b shows charging with the method according to the
invention. In the figures 1s also shown measured values for achieved charge voltage
that 1s an increase from 136V to 194V. As available energy 1s given by W=C * U2/ 2
the present example gives with a charge capacitor of 0.47 uF an increase of available

energy from 4.3 mWs to 8.8 mWs.

Fig. 2c¢ and 2d show the same relations as Fig. 2a and 2b but at the speed of 1200 rpm.
With the same calculations as above with the voltages 214V and 256V the energy
increase will be from 10.7 mWs to 15.4 mWs. Thus, the possible energy gain is rapidly
decreasing with increasing speed. This fact 1s however as a whole compensated by the
fact that the charge winding does not any longer have to be optimised for the full speed
range. In reality the energy levels will be possible to raise at both high and low engine

speeds.
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Apparatus for raising the spark energy in capacitive ignition systems comprising at
least one charge winding (L.1) which via a first rectifier device (D1) charges a
charge capacitor (C1) connected to the primary winding of an ignition voltage
transformer 1n order to provide said primary winding with energy for generation of a
spark characterised in that additionally a second rectifier device (D2) and a
switching device (Q2) are arranged in such a way that the switching device
periodically can short circuit the charge winding and thereby increase the charge of

the charge capacitor at low engine speeds.

Apparatus according to claim 1, characterised in that a control unit (M1) 1s arranged
to drive the switching device (Q2) depending on the engine speed in such a way that
the charge voltage over the charge capacitor (C1) 1s held on a relatively constant

level over the tull speed range.

Apparatus according to claim 1 or 2, characterised in that the switching device (Q2)
1s arranged to be able to create a short circuit over the charge winding (L.1) in order

to stop the engine.
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