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This invention relates to transistorized ignition systems
for internal combustion engines.

Battery operated ignition systems used with internal
combustion engines store the energy for ignition in the
magnpetic field of an dgnition coil. This energy is pro-
portional to the product of the amperes of current flow-
ing through and the number of turns of wire in the coil.
With the upper limit of current fixed at about six amperes,
it becomes necessary to have considerable inductance (a
large number of turns) in the coil in order to store suffi-
cient energy for ignition. The time that it takes for the
current in the coil to reach full value is proportional to
the inductance of the coil. Thus, it can be seen that the
more turns there are in the coil, the longer the time it
will take for the primary current to reach full value. At
high speed, with multi-cylinder engines, the primary coil
current reaches only a fraction of its full value and avail-
able ignition power is reduced proportionately.

Considerable power is also wasted at low engine speed
because the primary current must be maintained at full
level ready for the time of ignition. With the times for
ignition widely spaced, as they are at low engine speed,
much power is wasted in the form of heat which causes
bluing of the breaker contacts and deterioration of the
coil insulation. Breaker contact life is further shortened
because the contacts must break a current of 4 to 6 am-
peres flowing in the high-inductance primary of the igni-
tion coil. The arc caused by the rapid decay of current
in the ignition coil results in severe erosion of the breaker
contacts and deterioration of ignition performance.

The primary object of the present invention is to pro-
vide an ignition system in which the full value of the
ignition power is available at high engine speeds and not
wasted at low engine speeds.

Another object of this invention is to provide an ignition
system in which the circuit breaker will have lessened
erosion and longer life.

A further object is to increase the thermal content of
the spark across the spark gap.

Another object is to provide an ignition system which
has high instantaneous currents in the ignition coil pri-
mary.,

Still another object is to provide an ignition system hav-
ing 'more precise switching at high engine speeds and
greater operating life. :

A still further object is to provide a more efficient igni-
tion system by drawing heavy current only during the
actual ignition pulse.

Still another object is to provide an ignition system with
substantially constant energy for each spark throughont
the entire engine speed range.

A final object is to increase the emergy at the plugs
when starting the engine.

These objects are accomplished by the circuitry of this
invention. A low inductance step-up transformer, that
is, one having a small number of turns in its primary and
its secondary, increases the voltage to a Ievel suitable for
ignition by means of the well known principles of induc-
tion. A transistor is used to control the current through
the primary of the step-up transformer with a differentiat-
ing circuit connected to the base of the transistor to de-
crease current flow exponentially from a maximum to a
minimum. Due to the low inductance of the primary
coil and the high momentary current flow from the tran-
sistor, a voltage will be induced immediately in the sec-
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ondary coil at a sufficiently high level to produce a -spar}c
suitable for proper ignition. For starting, a shunt circuit
is used to bypass the differentiating circuit and cause the
transistor to deliver more power until the engine starts,
thus providing a more intense spark to start the engine.

Other objects and advantages will be pointed out in, or
be apparent from, the specification and claims, as will
obvious modifications of the embodiments shown in the
drawings, in which:

FIG. 11is a circuit diagram of an ignition system which
will fire when the circuit breaker is closed;

FIG. 2 is a circuit diagram of a modified ignition sys-
tem that fires when the circuit breaker is opened;

FIG. 3 is a variation of FIG. 1 arranged for firing when
the circuit breaker opens and the positive side of the bat-
tery is grounded;

FIG. 4 is a drawing of the waveform which appears
across “X,” “Y” in FIG. 1; and

FIG. 5 is a circuit diagram of a modified ignition sys-
tem which includes a shunt cireuit for starting.

The ignition systems shown in the drawings each in-
clude 2 low inductance type step-up transformer 16 hav-
ing a primary winding 12 and a secondary winding 14
connected to a distributor 16 which routes the current
pulse induced in the secondary winding to sparking de-
vices 18. Because of the relatively small number of turss
in the primary winding, the inductance of the transformer
is low and current flow through the primary winding will
reach a maximum almost instantly inducing a voltage in
the secondary winding which will initially charge capaci-
tor 28 until the voltage is sufficient to bridge the natural
gap in the distributor, at which time the capacitor will dis-
charge across the sparking devices. This build up of volt-
age in the capacitor increases the thermal content of
the spark by consolidating the energy available and giving
it up in an extremely short time. The instantaneous
power dissipated in the spark is much greater than that
normally dissipated in conventional systems.

The primary winding 12 of the transformer is connected
to the megative terminal of battery 22 and to collector 24
of transistor 26. Emitter 28 is connected to the positive
terminal of the battery. The base 30 of the transistor is
connected to a differentiating circuit which includes a
first resistor 32, a capacitor 34 and a circuit breaker 36
serially connected across the battery. A second resistor
38 is connected in parallel with resistor 32 and capacitor
34. Considering the operation of the differentiating cir-
cuit only with reference to the voltage waveform (FIG.
4) between point “X” and point “Y,” it can be seen that
with the circuit breaker open, the circuit is quiescent.
At the precise instant that the circuit breaker is closed,
the entire voltage drop will appear across resistor 32 due
to the charging of capacitor 34. Point “X” will be nega-
tive with respect to point “Y.” The capacitor will accu-
mulate a charge at an exponential rate and the voltage
across resistor 32 will drop at an exponential rate until
the total supply voltage appears across capacitor 34.
When the circuit breaker is opened, the capacitor will
discharge through resistor 38 and resistor 32 in series.
The voltage across resistor 32 will rise instantly to a value
determined by the ratio of the two resistances. The volt-
age at point “X” will then be positive with respect to point
“Y.” * The capacitor will discharge at an exponential
rate and the voltage across resistor 32 will drop to zero at
an exponential rate.

Referring now to FIG. 1, it can be seen that resistance
32 forms the input circuit for transistor 26 with point “X”
at base 30 and point “Y” at emitter 28. Transistor 26
operates at cut-off (no collector current flowing) by virtue
of having the base connected to the positive side of the
battery through resistor 32. The sharp negative swing
of voltage at point “X,” when circuit breaker 36 closes,
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makes the base of the transistor negative with respect to
the emitter and the transistor conducts heavily with its
collector current passing through the primary of the trans-
former. Typical values of collector current are from
30 to 50 amperes compared to a maximum of six amperes
in conventional systems, The sudden current passing
through the transformer primary winding causes a voltage
to be induced immediately across the secondary winding
due to the low inductance of the transformer. = The voltage
from the secondary winding charges capacitor 20 until
the voltage in the seocndary circuit reaches a value suffi-
cient to bridge the normal gap of the distributor and then
discharges across the spark plug., The distributor, operat-
ing in synchronism with the circuit breaker and the engine,
will route the voltage to the proper spark plug. This ar-
rangement makes it possible to enhance the thermal con-
tent of the spark by consolidating the energy available
at the seocndary winding and giving it up in an extremely
short time. The instantaneous power dissipated in the
spark is much greater than that dissipated in conventional
systems.

After the initial sharp turn-on pulse, the voltage ap-
plied to the base of the transistor will decay at an expo-
nential rate (FIG. 4) and quickly returns the transistor to
the cut-off condition. Thus it can be secen that the tran-
sistor carries current for only a very brief instant and there
is no unnecessary dissipation. The positive pulse occuring
when the breaker 36 opens only drives the transistor
further into the cut-off region. An ammeter 52 inserted
in the position shown or as indicated in dotted lines will
indicate increasing current with increasing speed and can
be calibrated in terms of speed so that it may function as
a tachometer.

Where a system is required which will fire the circuit
breaker opens (FIG. 2), a phase inversion amplifier is
inserted between capacitor 34 and resistor 32 in order
to use the positive pulse of the differentiating circuit for
firing. The amplifier includes a second transistor 56 and a
resistor 58 as shown in FIG. 2. The base 69 of the tran-
sistor is connected to the negative terminal of battery 22
through resistor 58 in order to bias the transistor to its full
conduction. The collector 62 of the transistor is connected
through resistor 32 to the battery to cause a voltage drop
across resistor 32 that is very nearly equal to the supply
voltage. This voltage drop has a positive polarity at the
collector end of resistance 32 which is connected directly
to the base of transistor 26 and holds tramsistor 26 at
collector current cut-off,

Capacitor 34 is charged by the battery when the circuit
breaker is opened. When the circuit breaker is closed,
the capacitor will discharge through resistance 58. This
increases momentarily the negative polarity of the base
of transistor 56. Since transistor 56 is fully conducting
as the result of the fixed negative bias, it cannot be made
more conductive by the negative pulse resulting from
the closure of breaker 4. As a result there is no net
change in the rest of the circuit,

At the precise instant that the circuit breaker opens,
capacitor 34 will start to charge. The charging current
is drawn through resistor 58 and resistor 38. At that
precise instant of opening, a positive voltage of a value
determined by the resistance of resistors 38 and 58 and
also the base circuit resistance of transistor 56, appears
at the base of transistor 56. This positive pulse momen-
tarily drives transistor 56 into collector current cut-off.
The collector of transistor 56 and the base of transistor
26 will be brought toward the potential of the negative
supply terminal. The negative potential at the base of
transistor 26 drives it into full conduction and the re-
mainder of the circuit functions as in FIG, 1. As the
capacitor continues to charge, the positive voltage across
resistor 58 decays to zero and the circuit returns to its
initial quiescent condition. An ammeter 59 can also be
connected to this circuit to act as a tachometer as de-
scribed above,
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The circuit shown in FIG. 3 is for use with electrical
systems having the positive battery terminal grounded
to the chassis of the engine and is designed to fire when
the circuit breaker opens. The circuit is similar to the
circuit described in FIG. 1 except that transistor 64 is used
as the circuit breaker and circuit breaker 36 is used to
control the conductivity of the transistor 64. When cir-
cuit breaker 36 is closed, transistor 64 is biased to cut-off.
Its base is returned directly to the positive battery terminal
through the circuit breaker. Transistor 26 is at cut-off
with its base returned to the positive battery terminal
through resistor 32. Capacitor 34 has no charge be-
cause the emitter of transistor 64 is also connected to the
battery positive terminal threough resistor 32.

At the precise instant that the circuit breaker opens,
transistor 64 goes into fuil conduction because its base
circuit is now returned to the negative terminal of the
battery through resistor 70. Capacitor 34 charges through
the transistor 64 and resistor 32. The charging current
causes a negative voltage to a appear at point “X” which
drives transistor 24 into full conduction. As the charge
on the capacitor approaches full charge, the voltage drop
across resistor 32 falls to zero and the action of the re-
mainder of the circuit is the same as that described above.
Closing the circuit breaker shifts transister 64 back to
the cut-off condition. Capacitor 34 discharges through
resistor 38 and resistor 32 creating a positive pulse at
point “X” which only drives transistor 24 further into
collector current shut-off.

The circuit shown in FIG. § is for use in ignition systems
having the negative battery terminal grounded and is de-
signed to fire when the circuit breaker opens. The trans-
former secondary winding 14 functions as above with the
current induced in the secondary winding charging capac-
itor 20 until the voltage in the secondary circuit is suf-
ficient to bridge the normal gap of distributor 16 caus-
ing a spark across the sparking devices 18.

Transistor 72 is used as a switch to control the charging
of capacitor 34. With circuit breaker 36 clesed, transistor
72 is biased to full conduction by virtue of the voltage
appearing at the junction of resistors 74 and 76 serially
connected across battery 22. These resistors from a
voltage divider across the battery when the circuit breaker
is closed and the voltage at their junction is selected to
cause full conduction of the transistor. At full conduc-
tion there is very little voltage drop across transistor 72,
therefore, the left side of capacitor 34 is, in effect, con-
nected to the positive battery terminal. The right side
of the capacitor is also returned to the positive terminal
of the battery. Since both sides of the capacitor are re-
turned to the positive side of the battery, the capacitor
has no charge.

At the instant circuit breaker 36 opens, transistor 72
is biased to cut-off because its base is now returned to the
positive battery terminal through resistor 74. With tran-
sistor 72 at cut-off, capacitor 34 is now effectively in series
with resistors 38 and 32 across battery 22. The capacitor
draws a heavy charging current that is at a maximum
when the contacts open and decays to zero before they
close again. The charging current across resistor 32
causes a voltage drop across resistor 32 of such polarity
When the
voltage again falls low enough during the exponential
decay, transistor 26 will return to collector current cut-off.
The abrupt turn-on of transistor 26 causes full current
flow through primary winding 12 which induces the igni-
tion voltage in the secondary winding.

When the circuit breaker again closes, capacitor 34 dis-
charges through transistor 72 collector-emitter circuit and
resistor 32. The discharge of capacitor 34 causes a volt-
age drop across resistor 32 of a polarity at the base of
transistor 26 to drive it to collector current cut-off.

Because of the drain on the battery while driving the
starting motor, the energy at the plugs will be at a mini-
mum during starting. To increase the energy available
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during starting, resistor 80 and solenoid switch 82 are
serially connected across capacitor 34. Coil 84 of the
solenoid switch is connected to the coil terminal of the
starter relay to close the switch when the starter relay is
energized. This biases transistor 26 into conduction dur-
ing the entire period that the circuit breaker 36 is open
for each firing interval. This permits more energy to be
delivered to the plugs than would be the case if during such
period the transistor cut-off the flow exponentially as in
normal operation. De-energizing of the starter relay al-
lows switch 82 to open and the circuit operates normally.

Although but a few embodiments of the present inven-
tion have been iltustrated and described, it will be apparent
to those skilled in the art that various changes and modi-
fications may be made therein without departing from the
spirit of the invention or from the scope of the appended
claims.

I claim:

1. An ignition system for an internal combustion
engine having a number of spark plugs comprising, a low
inductance transformer having a primary winding and a
secondary winding, a unidirectional voltage power supply,
a transistor having its emitter connected to the positive
terminal of the power supply and its collector to one end
of the primary winding, the other end of the primary
winding being connected to the negative terminal of the
power supply, differentiating circuit means connected
across the power supply and without any impedance com-
ponent interposed directly to the base of the transistor to
provide an initially high bias current to the base of the
transistor which decreases exponentially, and voltage dis-
tribution means connected to the secondary winding to dis-
tribute the voltage induced in the secondary winding by
the current flow in the primary winding to the spark plugs.

2. An ignition system according to claim 1 wherein
said differentiating circuit means includes circuit breaker
means so that the transistor is conductive only when the
circuit breaker is closed.

3. An ignition system according to claim 2 including
phase inversion circuit means connected between the dif-
ferentiating circuit means and the base of the transistor
so that the transistor is conductive when the circuit break-
er is opened.

4. An ignition system according to claim 3 including a
second transistor means controlled by the circuit breaker
so that the first transistor is controlled by the second
transistor.

5. An ignition system for an internal combustion en-
gine having a number of spark phigs comprising, a low in-
ductance transformer having a primary winding and a
secondary winding, a unidirectional voltage power sup-
ply, a transistor having its emitter connected to the posi-
tive terminal of the power supply and its collector to one
end of the primary winding, the other end of the primary
winding being connected to the negative terminal of the
power supply, circuit means including a capacitor con-
nected across the power supply and without any impedance
component interposed directly to the base of the transistor
te provide an initially high bias current to the base of the
transistor which decreases exponentially, said circuit means
including a circuit breaker to control the charging of the
capacitor, said transistor being conductive oniy when the
capacitor is charging, and voltage distribution means con-
nected to the secondary winding to distribute the voltage
induced in the secondary winding by the current flowing
from the primary winding to the spark plugs.

6. An ignition system according to claim 5 wherein said
circnit means includes a first resistance member connected
in series with the capacitor and a second resistance member
connected in parallel with the first resistance member and
the capacitor.

7. An ignition system according to claim 6 wherein the
breaker means and distribution means are timed so that
when the distribution means is positioned to energize a
spark plug the breaker means will be closed.
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8. An ignition system according to claim 7 including
an ammeter connected between the negative terminal of
the power supply and the primary winding to indicate the
engine speed in relation to current rise through the wind-
ing.

9. An ignition system for an internal combustion en-
gine having a number of spark plugs comprising, a trans-
former having a primary winding and a secondary wind-
ing, a unidirectional voltage power supply, a first tran-
sistor having its emifter connected to the positive terminal
of the power supply and its collector to one end of the
primary winding, the other end of the primary winding
being connected to the negative terminal of the battery,
differentiating circuit means including a circuit breaker
connected across the power supply, a phase inversion am-
plifier connected across the power supply including a sec-
ond transistor having its base connected to the differentiat-
ing circuit and its collector connected to the base of the
first transistor, said second transistor being operative when
the circuit breaker is closed to drive the first transistor to
collector current cut-off; said differentiating circuit driv-
ing the second transistor momentarily to collect current
cut-off when the circuit breaker is opened, allowing the
first transistor to momentarily operate at full conductance,
and voltage distribution means connected to the secondary
winding to distribute the voltage induced in the sécondary
winding by the current flow in the primary winding to the
spark plugs.

18. An ignition system according to claim 9 wherein
the circuit breaker and distribution means are timed so
that circuit breaker is open only when the distribution
means is positioned to energize a spark plug.

11. An ignition system for an internal combustion en-
gine having a number of spark plugs comprising, a low
inductance transformer having a primary winding of a
few turns and a secondary winding, a unidirectional volt-
age power supply, a first transistor having its emitter con-
nected to the positive terminal of the power supply and its
collector to one end of the primary winding, the other
end of the winding being connected to the negative ter-
minal of the power supply, differentiating circuit means
including a first and second resistor and a capacitor con-
nected across the power supply and to the base of the
transistor, a transistorized circuit means connected in
series with the differentiating circuit and a circuit breaker
connected to control the emergization of the transistor-
ized circuit means whereby the first transistor is conduc-
tive only when the transistorized circuit means is conduc-
tive, and voltage distribution means including a capacitor
connected across the secondary winding to energize one
of the spark plugs when the secondary voltage reaches
a predetermined level.

£2. An ignition system according to claim 11 wherein
the circuit breaker and distribution means are timed so
that circuit breaker is opened only when the distribution
means is positioned to energize a spark plug.

13. An ignition system for an internal combustion en-
gine having a number of spark plugs comprising, a low
inductance transformer having a primary winding and a
secondary winding, a unidirectional voltage power supply,
a first transistor having its emitter connected to the posi-
tive terminal of the power supply and its collector to one
end of the primary winding, the other end of the wind-
ing being connected to the negative terminal of the power
supply, differentiating circuit means including a resistance
and a capacitance connected across the power supply and
without any impedance component interposed directly to
the base of the tramsistor, circuit breaker means for con-
trolling energization of the differentiating circuit to mo-
mentarily drive the transistor to full conductance when
the circuit breaker is open, and voltage distribution means
connected across the secondary winding to energize one
of the spark plugs when the secondary voltage reaches a
predetermined level.

14. An ignition system according to claim 13 wherein
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said circuit breaker means includes a second transistor con-
nected to control the differentiating circuit whereby said
differentiating circuit is operative to drive the first tran-
sistor momentarily to full conductance when the second
transistor is non-conductive.

15. An ignition system according to claim 14 includ-
ing a shunt circuit having a solenoid switch connecting
the second transistor to the first tramsistor whereby said
first transistor is fully conductive during the periods when
the circuit breaker is open and the solenoid switch is
closed.

16. An ignition system for an internal combustion en-
gine having a spark plug comprising, a low inductance
transformer having a primary winding and a secondary
winding connected to the spark plug, a unidirectional volt-
age power supply, a transistor having its emitter connected
to the positive terminal of the power supply and its col-
lector connected to one end of the primary winding, the
other end of the primary winding being connected to the
negative terminal of the power supply, impedance circuit
means connected across the power supply and without
any impedance component interposed directly to the base
of the transistor to control current conduction through
the transistor, circuit breaker means connected to the cir-
cuit impedance means so that the impedance means allows
an initially high current to flow through the tramsistor,
said current decreasing exponentially to a low value, and
a capacitive means connected across the secondary wind-
ing to enhance the thermal content of the spark by dis-
charging across the spark plug when the voltage in the
secondary reaches a predetermined level.

17. An ignition system according to claim 16 wherein
said impedance circuit includes a first resistance and a
capacitance serially comnnected to the circuit breaker
means with the base of the transistor being connected to
the junction of the resistance and capacitance and a sec-
ond resistance connection in parallel with the serially con-
nected first resistance and capacitance.

18. An ignition system according to claim 17 wherein
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resistor and the capacitor aad its collector to the nega-
tive terminal of the power source, said first transistor
being conductive when the second transistor is non-con-
ductive.

19. An ignition system according to claim 16 wherein
said impedance circuit includes a first resistance, a ca-
pacitance and a second resistance serially connected across
the battery with the base of the first transistor connected
to the junction of the capacitor with the first resistor, said
circuit breaker means including a second transistor hav-
ing its emitter connected to the positive terminal of the
battery and its collector to the junction of the capacitor
with the second resistor, and a voltage divider circuit con-
nected across the power supply end to the base of the sec-
ond transistor whereby current flowing across the voltage
divider will cause the second transistor to conduct, caus-
ing the impedance circuit to bias the first transistor to con-
duct current fully momentarily.

28. An ignition system according to claim 19 irclud-
ing a shunt circuit for the capacitor to allow the first tran-
sistor to conduct fully during the entire time that the sec-
ond transistor is not conducting.
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