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Filed June 28, 1965, Ser. No. 467,530
106 Claims. (Cl. 315—209)

This inventicn relates to capacitor discharge ignition
systems and, more specifically, to capacitor discharge
ignition systems of the type in which the magniinde of
the secondary potential available to fire the spark plugs of
an internal combustion engine is substantially independ-
ent of supply potential magnitudes.

With cold weather conditions, the terminal voltage of
an automotive storage battery may drop to a very low
value while the starter motor is cranking the engine. In
most inductive and capacitor discharge ignition systems,
the secondary potential available to fire the spark plugs
during cranking is approximately proportional (o battery
potential for a given system. This is a serious disadvan-
tage of systems of this type in that with the conditions
under which it is most difficult to start an internal com-
bustion engine, the available battery potential is of the
lowest magnitude.

An ignition system of this type in which the magnitude
of the secondary potential available to fire the spark plugs
is substantially independent of supply potential magni-
tudes, particularly during the cranking operation, would
materially reduce or eliminate this particular disadvan-
tage of the prior art systems.

1t is, therefore, an object of this invention to provide an
improved capacitor discharge ignition system for internal
combusticn engines.

It is another object of this invention to provide an im-
proved capacitor discharge ignition system for internal
combustion engines wherein the magnitude of secondary
potential available to fire the spark plugs is substantially
independent of supply potential magnitudes, particularly
during the cranking operation.

In accordance with this invention, a capacitor dis-
charge system for internal combustion engines is pro-
vided wherein an electrenic converter circuit inverts the
direct current supply potential of the system, transforms
the inverted potential to a potential of a higher magnitude
and rectifies the higher magnitude potential to charge the
storage capacitor continuously when the engine is being
cranked to start and in response to a trigger signal derived
from the amplified ignition signal pulses produced by a
magnetic pulse generater driven in synchronism by the
engine when the engine is running normally after starting.

For a better understanding of the present invention,
together with additional objects, advantages and features
thereof, reference is made to the following descripiion and
accompanying single figure drawing which schematical-
ly sets forth one embodiment of the capacitor discharge
ignition system of this invention.

As the point of reference cr ground petertial is the
same point electrically throughout the system, it has been
i'lustrated by the accepted symbol and referenced by the
numeral 8 throughout the drawing.

The capacitor discharge ignition system of this inven-
tion may be used with internal combustion engine and in
combination with a direct current potential source having
positive and negativ teriinals, shown as a conventional
battery and referenced by the numeral 10 in the drawing.

To produce ignition signal pulses in synchronism with
the engine for ignition {iming purposes, a magnetic pulse
generator may be employed. This generator is schemati-
cally illustrated in the drawing and includes a permanent
magnet rotor member 9, a pole piece 8 of an easily mag-
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netized material and a pick-up coil 7. Rotor member 9
may be mounted on the free end of the shaft of a conven-
tional distributor which is driven in synchronism with the
engine by the engine. The distributor shaft has been sche-
matically illustrated by a dashed line 6 in the drawing.
As this is a common expedient well known in the automo-
tive art, the engine has not been shown in the interest
of reducing drawing complexity.

The novel ignition system of this invention is com-
patible with any ignition signal pulse generating arrange-
ment. Therefore, it is to be specifically understood that
alternate methods for producing the ignition signal pulses
in synchronism with the engine may also be employed.
For example, a photo-electric pulse generator. or ccnven-
tional mechanically operated ignition breaker points may
be substituted for the magnetic pulse gemerator without
departing from the spirit of the invention.

The ignition signal pulses induced in pickup coil 7 may
be amplified by a type PNP transistor 20 having the usual
base 21, emitter 22 and collector 23 electrodes.

To produce the two trigger signals which are required
for the proper operation of the ignition system of this
invention, circuitry responsive to the ignition signal pulses
is provided. This trigger circuitry includes transistor 30,
transistor 49, transistor 50, and capacitors 12 and 14.

To establish the energizing circuit between the ignition
system of this inventicn and the source of system poten-
tial 19, a switch 16 which is operable to two positions, is
provided. Switch 16 has an input terminal 18 and first and
second output terminals 25 and 26. When the movable
contact 27 of switch 16 is operated to the first posiiion,
an electrical circuit is completed between input terminal
18 and output terminal 25 and when the movable contact
27 is operated to the second pcsition an electrical circuit
is completed between input terminal 18 and output ter-
minals 25 and 26. Switch 16 may be a conventional auto-
mobile ignition switch which has a cranking position,
corresponding to the seccnd position, and a running posi-
tion, corresponding to the first position. Input terminal
18 is connected to the positive polarity terminal of battery
1§ through lead 34.

A converter circuit which includes a transformer 44
having a primary winding 45, a secondary winding 46 and
a feedback winding 47, a diode bridge 56 having input cir-
cuit terminals 57 and 58 and output circuit terminals 59
and 60, and a type NPN transistor 70 having the usual
base 71, emitter 72 and collector 73 electrodes, is also
provided. This converter circuit inverts the direct current
potential of the system potential scurce 16, transforms
the inverted potential to a potential of a higher magnitude
and rectifies the potential of a higher magnitude for charg-
ing storage capacitor 62 in response to one of the trigger
signals produced by the trigger signal circuitry when
switch 16 is operated to the first position and continucusly
when switch 16 is operated to the second position, in a
manner to be later explained.

This converter circuit and switch 16 is connected across
potential source 18 through lead 34, leads 36, 38 and 66
and point of reference potential 5.

Storage capacitor 62 and the primary winding 77 of
ignition coil 76 are connected in series with the converter
circuit output circuit terminals 59 and 60 of diode bridge
54 through resistor 80, lead 81 and lead 82, point of
reference potential 5 and lead 68. The circuit just de-
scribed is the charging circuit for storage capacitor 62.

To complete a discharge circuit for capacitor 62 through
the primary winding 77 of ignition coil 76 when it is
desired to fire a spark plug of the engine, a controllable
switching device of the type which is responsive to the
other one of the trigger signals produced by the trigger
circuitry previously described is connected in shunt with
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storage capacitor 62 and the primary winding 77 of igni-
tion coil 76. The controllable switching device has been
shown in the figure as a silicon controlled rectifier 84
which is connected in shunt across storage -capacitor 62
and primary winding 77 through lead 86 and diode 87,
lead 88 and point of reference potential 5.

With' the movable contact 27 of switch 1§ closed be-
tween input ferminal 18 and output terminal 25, a cir-
cuit is completed from battery 19 to line 36 and, there-
fore, full battery potential appears between line 36 and
point of reference potential 5.

The emiiter electrode 22 of transistor 29 is connected
to line 36 through an inductor 99 and lead 91 and the
collector electrode 23 is connected to point of reference
potential 5 through lead 92 and resistors 93 and 94. With
battery 10 poled as shown, the emitter-collector elec-
trodes of type PNP tramsistor 20 are forward poled. The
base electrode 21 of transistor 28 is connected to the
emitter electrode 22 thereof through resistor 96, pickup
coil 7 of the magnetic pulse generator and lead 98. In
the absence of a signal in pickup coil 7, therefore, the
emitter electrode 22 and base electrode 21 of transistor
20 are at substantially the same potential, therefore, tran-
sistor 20 is normally not conducting. To reduce the possi-
bility of transistor 20 becoming conductive in response
to spurious signals which may appear in the system, a
slight reverse base bias is applied to the base electrode
21 thereof through resistor 160 which is returned to the
positive polarity potential line 36 through lead 91.

The collector electrodes 33 of transistor 39 ‘is con-
nected to the positive polarity potential line 36 through
lead 102, resistor 104, inductor 96 and lead 91, while
the emitter electrode 32 thereof is connected to point of
reference potential 5 through lead 106. Therefore, the
emitter-collector elctrode circuit of type NPN transistor
30 is forward poled. The base electrode 31 of transistor
390 is connected to junction 108 between resistors 93 and
94. With transistor: 20 not conducting, the base and emit-
ter electrodes of tramsistor 30 are at substantially the
same potential, therefore, transistor 30 is normally not
conducting.

The collector electrode 43 of type NPN transistor 40 is
connected to the positive polarity potential line 36 through
resistor 1106, line 112, inductor 90 ‘and lead 91 while
the emitter electrode 42 thereof is connected to point
of reference potential § through lead 114, Therefore,
the emitter-collector electrode circuit of type NPN tran-
sistor 40 is forward poled. The base electrode 41 of
transistor 40 is connected to the positive polarity poten-
tial line 36 through resistor 116 and lead 91 which for-
ward biases type NPN transistor 40. Therefore, tran-
sistor 40 is normally conducting.

The collector. electrode 53 of type NPN transistor 50
is connected to the positive polarity potential line 36
through resistor 118, line 120 and lead 91 while the
emitter electrode 52 thereof is connected to point of ref-
erence potential 5 through lead 122. Therefore, the
emitter-collector electrode circuit of type NPN transistor
50 is forward poled. The base electrode 51 of transistor
50 is connected to the positive polarity potential line
36 through resistor 124, line 120 and line 91 which for-
ward biases transistor 59. Therefore, transistor 50 is nor-
mally conducting.

The collector electrode 73 of type NPN. transistor 70
of the converter circuitry is connected to the positive
polarity potential line 36 through primary winding 45
of transformer 44 while the emitter electrode 72 thereof
is connected to point of reference potential 5 through
lead 66, therefore, the emitter-collector electrode circuit
of type NPN transistor 70 is forward poled. The base
electrode 71 of transistor 70 is connected to output ter-
minal 26 of switch 16 through resistor 126 and line 38
and to point of reference potential 5 through feedback
winding 47 of transformer 44 and resistor 128. With
the movable contact 27 of switch 16 closed to output
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terminal 25, the base and emitter electrodes of transistor
76 are at substantially the same potential, therefore, tran-
sistor 70 is normally not conducting.

The posiiive polarity potential output circuit of the
converter circuitry is output terminal 6¢ of diode bridge
56. Therefore, junction 130 and line 81 are of a positive
polarity. The anode electrode of silicon controlled recti-
fier 84 is connmected to positive polarity junction 130
through lead 86 and the cathode electrode thereof is con-
nected to the negative polarity output terminal of the
converter circuitry, output terminal 59 of the bridge recti-
fier circuit 58, through diode 87, lead 88, point of ref-
erence . potential 5 and lead 68. Therefore, the anode-
cathode circuit of this device is forward poled. Forward
poled silicon controlled rectifier devices may be triggered
to conduction by the application to the control electrode
thereof of a potential signal of a polarity more positive
than the potential aprplied to the cathode electrode thereof
and will continue conducting until the anode-cathode ¢ir-
cuit is interrupted or the polarities thereof reversed.

As transistor 40:is normally conducting, the potential
appearing at junction 132 is substantially ground poten-
tial, being positive only to the extent of the collector-
emitter drop through conducting transistor 40. As junction
132 is connected to the control electrode of silicon con-
trolled retifier device 84-through diode 134 and line 136,
this potential is not of a sufficient positive polarity magni-
tude to trigger silicon controlied rectifier 84 to conduction
through diode 134 and across resistor 138, However, with
transistor 40 conducting, a charging circuit for capacitor
14 may be traced from posiiively polarity potential line
36 through lead 9%, inductor 90, resistor 104, capaciter
14, the base emitter circuit of conducting transistor 40,
lead 114 and point of reference potential 5.

With transistor 50 conducting, the potential appearing
at junction 140 is substantially ground potential, being
positive only to the-extend of the collector-emitter drop
through' conducting transistor 50. This potential is not
of sufficient - magnitude to forward :bias transistor 70
through diode:' 142. With transistor 50. conducting, a
charging circuit for capacitor 12 may be traced from posi-
tive polarity potential.line 36 through lead 91, inductor
90, resistor 164, capacitor 12, the base-emitier circuit of
transistor 59, line 122 and point of reference potential 5.

With movable contact 27 of switch 16 operated to the
position which closes an electrical circuit between input
terminal 18 and output terminals 25 and 26 thereof,
substantially full system supply potential appears between
lines 36 and 38 and point of reference potential 5. With
switch 16 operated to this position, the starting motor
energizing solenoid 181, shich is connected between line
38 and point of reference potential 5, is energized. The
energized starling motor begins to crank the engine which,
in turn, drives distributor shaft 6 and the magnetic rotor
9 of the magnetic pulse generator.

As the movable contact of switch 16 is operated to
connect input terminal 18 and output terminal 26, the
potential appearing across positive polarity potential line
38 and point of reference potential 5 produces a flow of
current through resistor 126, feedback winding 47 and
resistor 128. As the impsdance of feedback winding 47
is high with the initial current flow therethrough, current
also flows through the base-emitter circuit of the type
NPN resistor 78 which triggers this device to conduction.

As transistor 70 conducts, an energizing circuit for the
primary winding 45 of transformer 44 is established and
current flows from positive potential line 36 through pri-
mary winding 45, conducting transistor 70, line 66, and
point of reference potential 5 to battery 16. This current
flow induces a potential of a higher magnitude in second-
ary winding 46 of transfromer 44 and this potential of a
higher magnitude is rectified by the diode bridge retifier
circuit 56 and appears across output terminals 59 and 60
thereof. As storage capacitor 62 is connected across out-
put terminals 59 and 60 by a circuit previously described,
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this rectified potential of a higher magnitude begins
charging storage capacitor 62. A potential is also induced
in feedback winding 47 which is so polarized that the
potential appearing at junction 146 is of a potential more
positive than that appearing at junction 148 when battery
18 is energizing primary winding 45.

The current fow through the primary winding 45 of
transformer 44 increases until the iron of the core satu-
rates and the impedance of feedback winding 47 and pri-
mary winding 45 decreases. The base current flow through
transistor 70 is insufficient to sustain the resulting in-
creased collector current, therefore, transistor 70 becomes
non-conductive.

As transistor 78 becomes non-conductive, the energizing
circuit from primary winding 45 of transformer 44 is in-
terrupted. The interruption of the energinzing circuit
causes the magnetic field to collapse which induces a po-
tential in primary winding 45, in feedback winding 47
and in secondary winding 46.

The potential induced in primary winding 45 is more
positive at junction 159 than it is at junction 152 and pro-
duces a current flow through Zener diode 154 and block-
ing diode 156. The amplitude of this potential is limited
by the rated breakdown potential of Zemer diode 154
and the forward drop across blocking diode 156 and re-
mains substantially independent of battery 10 potential
changes.

The polarity of the potential induced in feedback wind-
ing 47 is more positive at junction 148 than at juaction
146. As this winding is connected between the base and
emitter electrodes of transistor 78, this induced potential
reverse base biases transistor 70 and holds it off for a
period of time long enough to permit the field of trans-
former 44 to substantially completely collapss.

The potential induced in secondary winding 4§ is, of
course, rectified by diode bridge rectifier 56 and adds an
additional charge to storage capacitor 62.

When the energy which has been induced in feedback
winding 47 has dissipated through diode 158 and resistor
128, the current flow from positive polarity potential
line 38, resistor 126 and the base-emitter circuit of tran-
sistor 70 triggers transistor 70 to conduction, thereby re-

establishing the energizing circuit for primary winding
45 of transformer 44 between postive polarity potential
line 36 and point of reference potential 5.

The cycle just described repeats itself to continuously
oscillate and establish and interrupt the energizing circuit
for primary winding 45 of transformer 44,

When the starting motor rotates the engine and rotor 9,

an ignition signal pulse is induced in pickup coil 7, which ¢

is so polarized that junction 160 is more positive than
junction 162 when the teeth of rotor 9 are approaching
alignment with pole piece 8. This induced ignition signal
pulse is applied across the base 21 and emiiter 22 elec-
trodes of type PNP transistor 28 and is of the correct
polarity to produce emitter-base current therethrough
which triggers transistor 20 to conduction. With transistor
29 conducting, current flows from positive polarity po-
tential line 36 through lead $1, inductor 99, the emitter-
collector circuit of transistor 26, resistors 93 and 94 and
point of reference potential 5 to the negative polarity ter-
minal of battery 18. The potential appearing at junction
168 as a result of this current flowing through resistor 94
is of a positive polarity and is applied to the base elec-
trode 31 of type NPN transistor 3. This potential is of
the proper polarity to produce base-emitter current flow
through transistor 39 thereby triggering this device to
conduction.

With transistor 3¢ conducting, current flows from posi-
tive polarity potential line 36, lead 91, inductor 90, resis-
‘tor 184, the collector-emitter circuit of transistor 30, lead
166 and point of reference potential 5 to the negative
polarity terminal of battery 16. A current also flows
through the emitter-base circuit of transistor 20, resistor
164 and the collector-emitter circuit of transistor 30.
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This current and the current from pickup coil 7 holds
these two transistors conducting until they are turned
off by the polarity reversal of the potential induced in
pickup coil 7 of the magnetic pulse generator as a tooth
on rotor § moves away from the pole tips of pole piece 8.

Conducting transistor 30 also establishes a discharge
path for capacitors 12 and 14 which, in discharging, trig-
gers respective normally conducting transistors 50 and
40 to non-conduction.

When transistor 50 does non-conductive, the slightly
positive polarity potential appearing at junction 140
increases and establishes a flow of current through diode
142 and the base-emitter electrodes of transistor 79 trig-
gering this device to conduction.

When transistor 40 goes non-conductive, the slightly
positive polarity potential appearing at junction 132 in-
creases and current flows through diode 134 and resistor
138 producing a potential drop thereacross which is ap-
plied to the control electrode 85 of silicon controlled
rectifier 84 triggering this device to conduction and es-
tablishing the discharge circuit for storage capacitor 62
through the primary winding 77 of ignition coil 76.

The extinguishing of conducting transistors 56 and 40,
therefore, produces the two trigger signals which are re-
quired to trigger transistor 70 and silicon controlled rec-
tifier 84 to conduction.

The voltage applied across primary winding 77 of igni-
tion coil 76 is of such a polarity that junction 166 is of a
negative polarity in respect to ground. This potential is
transformed and appears in secondary winding 78 as a po-
tential of sufficient magnitude to fire a spark plug. As this
is a common expedient well known in the art, in the in-
terest of reducing drawing complexity, only one of the
spark plugs has been schematically represented and ref-
erenced by the numeral 163.

The inductance-capacitance combination of storage
capacitor 62 and primary winding 77 produces an oscil-
lation of primary potential such that the polarity of the
potential of junction 168 becomes negative in respect to
ground and current flows through winding 77, point of
reference potential 5, diode 170 in series with inductor
172 and storage capacitor 62. This current reverses the
bias potential across silicon controlled rectifier 84, there-
fore, this device goes non-conductive. Inductor 172 is in-
serted in series in this circuit to decrease the turn off
current buildup and to reduce the positive rate of poten-
tial rise at point 168 with respect to point of reference
potential 5. Diode 87 blocks this turn off current from
silicon controlled rectifier 84.

Transistor 49 is held non-conductive for a period of
time as determined by the time constant of resistor 116
and capacitor 14, thereby holding the forward bias poten-
tial upon the control electrode of silicon controlled rec-
tifier 84.

Transistor 50 is held non-conductive for a period of
time as determined by the time constant of resistor 124
and capacitor 12 thereby maintaining the forward base
bias potential upon the base electrode 71 of transistor 7¢
for a sufficient length of time to permit substantially com-
plete buildup of energizing current through primary wind-
ing 45 of transformer 44.

When capacitors 12 and 14 have become discharged,
the reverse base bias potential is removed from respec-
tive transistors 5¢ and 49 and, therefore, these devices
again begin to conduct, removing the trigger signals from
the base 71 of transistor 70 and from the control elec-
trode 85 of silicon controlled rectifier 84.

As the engine continues to rotate, the teeth of rotor 9
of the magnetic pulse generator which produced the posi-
tive polarity signal pulse in pickup coil 7 begins to move
away from the pole tips of pole picce 8 thereby inducing
a potential in pickup coil 7 which is of a positive polar-
ity at junction 162 in respect to junction 169, a condi-
tion which reverse base biases type PNP transistor 29,
thereby triggering this device non-conductive. With tran-
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sistor 20 no longer conducting, the forward bias appear-
ing at junction 168 is removed from the base electrode 31
of ‘transistor -3¢ and, therefore, transistor 38 goes non-
conductive. Capacitors 12 and 14 then charge through
inductor 90, resistor 104 and the respective base-emitter
junctions of transistors 50 and 40.

When the next pair of teeth of rotor 9 of the magnetic
pulse generator approach the corresponding pole tips of
pole piece 8, the signal pulse, which is more positive at
junction 169 in: respect to: junction 162, is induced in
pickup coil 7 and the cycle just described is repeated. The
switching of transistor 50 -has no substantial effect on
transistor 70 at this time as transistor 79 is continu-
ously oscillating.

After the engine has started, the movable contact 27 of
switch 1§ is operated to complete a circuit between input
terminal 18 and. output terminal 25. In this position, the
circuit including resistor 126 is no longer energized and,
therefore, transistor 79 is responsive only to the trigger
signals .applied to its base 71 from junction 140 through
diode 142 as transistor S0 goes non-conductive in a man-
ner as previously described. With switch 16 in this posi-
tion, transistor 70 and silicon controlled rectifier 84 are
substantially simultaneously triggered to conduction by
the trigger signals produced by respective transistors 50
and 40 and ignition of a spark plug occurs.

From this description, it is apparent that with movable
contact 27 of switch' 16 closed between input terminal
18 and output terminals 25 and 26, transistor 70, trans-
former 44, feedback winding 47 and the circuit includ-
ing resistor 126 are interconnected relative to the power
source in such a manner that the converter circuit oscil-
lates to trigger transistor 76 conductive and non-conduec-
tive for establishing and interrupting an energizing circuit
for primary winding 45 of transformer 44. This action
inverts the direct current potential of source 10 to an
alternating current potential through the transformer as
the magnetic field produced by current flow through
primary winding 45 builds up and collapses as transistor
70 is conductive and not conductive. This alternating
current: potential is transformed through the transformer
and appears as potential of a higher magnitude in second-
ary. winding 46 which is full wave rectified by diode
bridge rectifier 586.

With: movable contact 27 of switch device 16 closed
between input 18 and output terminal 25, switch 16,
and the converter circuitry are interconnected in such
a manner that transistor 70 operates to establish and
interrupt the energizing circuit for transformer primary
winding 45 in response to a trigger signal produced as
transistor 50 goes non-conductive in a manner previously
explained.

The converter circuitry, when in the oscillator mode,
oscillates at a frequency primarily dependent upon the
magnitude of potential of battery 10 while the engine is
being cranked. This oscillatory action pumps energy into
storage capacitor 62 until a steady state potential is
reached due to the fact that Zener diode 154 and diode
156 holds the induced potential across winding 45 con-
stant. Under normal engine running conditions, tran-
sistor 70 switches at a rate proportional to engine speed,
sufficient energy being stored in capacitor 62 during each
ignition period.

Inductor 90 decouples the trigger circuit network of
pickup coil 7 and transistor 20 from transient supply
line potentials, Capacitors. 174, 176 and 178 suppress
high frequency which may be generated within the igni-
tion system. Resistor 96 prevents damage to transistor
20 in the event one of the leads should become  acci-
dentally grounded. Resistor 183 drains the charge from
storage capacitor 62 when the engine is neither being
cranked nor running.

Throughout this specification specific transistor types
and electrical polarities have been set forth, It is to be
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specifically understood that alternate transistor types,
properly poled, may be substituted therefor.

While a preferred embodiment of the present inven-
tion has been shown and described, it will be obvious
to those skilled in the art that various modifications and
substitutions may be made without departing from the
spirit of the invention which is to be limited only within
the scope of the appended claims.

What is claimed is as follows:

1.. A capacitor discharge ignition system for an internal
combustion- engine comprising in combination with a
direct current potential source, a magnetic pulse gen-
erator means for producing ignition signal pulses in syn-
chronism with said :engine, means responsive to said
ignition signal pulses for producing a first and a second
trigger signal, converter circuit means including output
circuit means for inverting the direct current potential
of said potential source, transforming said inverted poten-
tial to a potential of a higher magnitude and rectifying
said potential of a higher magnitude in response to either
one of said first and second trigger signals when said
engire is running normaily and contincously when said
engine is being cranked, means for connecting said con-
verter circuit means across said potential source, a capaci-
tor, an ignition coil having a primary winding and a
secondary winding, means for connecting said capacitor
and said ignition coil primary winding in series with
said converter circuit ouiput circvit means for charging
said capacitor and means responsive to the other one
of said trigger signals for completing a discharge circuit
for said capacitor through said ignition coil primary wind-
ing.

2. A capacitor discharge ignition system for an internal
combustion engine comprising in combinaticn with a
direct current potential source, a magnetic pulse genera-
tor means: for producing ignition signal pulses in syn-
chronism : with said engine, means responsive o said
ignition signal pulses. for producing a first and a second
trigger: signal, a switch device operable to a first and a
second position, converter circuit means including output
circuit means for. inverting the direct current potential
of said potential source, transforming said inverted poten-
tial to a potential of a higher magnitude and rectifying
said potential of a higher magnitude in response to either
one of said first and. second trigger signals when said
switch device is operated to either one of said first and
second positions and continuuosly when said switch
device is operated to the other one of said positions,
means for connecting. said switch device and said con-
verter circuit means across said potential source, a capaci-
tor, an ignition coil having a primary winding and a
secondary winding, means for connecting said capacitor
and said ignition coil primary winding in series with said
converter circuit output circuit means for charging said
capacitor and means responsive to the other cne of said
trigger signals for completing a discharge circuit for said
capacitor through said ignition.coil primary winding.

3. A capacitor discharge ignition system for an internal
combustion engine comprising in combination with a
direct  current potential source, a magnetic pulse gen-
erator means for producing ignition signal pulses in syn-
chronism ‘with said engine, means for amplifying said
ignition signal pulses, means responsive to said amplified
ignition signal pulses for producing a first and a second
trigger signal, a switch device operable to a first and
a second position, converter circuit means including out-
put circuit means, a semi-conductor device, a transformer
and. a rectifier circuit for: inverting the direct current
potential of said potential source, transforming said in-
verted potential to a potential of a higher magnitude
and rectifying said potential of a higher magnitude,
means for interconnecting said potential source, said
switch device and said converter circuit in such a manner
that said semi-conductor device operates to interrupt an
energizing circuit for said transformer in response to
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either one of said first and second trigger signals when
said switch device is operated to either one of said posi-
tions and operates in cooperation with said transformer
as an oscillator to interrupt an energizing circiut for said
transformer continuously when said switch device is oper-
ated to the other one of said positions, a capacitor, an
ignition ccil having a primary winding and a secondary
winding, means for conrecting said capacitor and said
ignition coil primary winding in series with said converter
circuit output circuit means for charging said capacitor
and means responsive to the other one of said trigger
signals for completing a discharge circuit for said capaci-
tor device through said ignition coil primary winding.

4, A capacitor discharge ignition system for an inter-
nal combustion engine comprising in combination with
a direct current potential source having positive and nega-
tive polarity terminals, a magnetic pulse generator means
for producing ignition signal pulses in synchronism with
said engine, means responsive to said ignition signal pulses
for producing a first and a second trigger signal, a switch
device having an input terminal and first and second out-
put terminals of the type which is operable to a first posi-
tion and a second posiiion for completing an electrical
circuit between said input terminal and said first output
terminal and between said input terminal and said first
and second output terminals, respectively, means for con-
necting said input terminal to a sclected polarity terminal
of said potential source, converter circuit means including
output circuit means connected between said first and sec-
ond cutput terminals of said switch device and the oppo-
site polarity terminal of said potential source for inverting
the direct current potential of said potential source, trans-
forming said inverted potential to a potential of a higher
magnitude and rectifying said potential of a higher mag-
nitude in response to a selected one of said first and sec-
ond trigger signals when said switch device is operated to
said first position and coniinucusly when said switch de-
vice is operated to said second position, a capacitor, an
ignition coil having a primary winding and a secondary
winding, means for connecting said capacitor and said
ignition coil primary winding in series with said converter
circuit output circuit means for charging said capacitor
and means responsive to the other one of said trigger sig-
nals for completing a discharge circuit for said capacitor
through said ignition coil primary winding.

5. A capacitor discharge ignition system for an internal
combustion engine comprising in combination with a di-
rect current poiential source having positive and negative
polarity terminals, a magnetic pulse generator means for
producing igni ion signal pulses in synchronism with said
engine, means responsive to said ignition signal pulses
for producing a first and a second trigger signal, a switch
device having an input terminal and first and second out-
put terminals of the type which is operable to a first po-
sition and a second posi‘ion for completing an electrical
circuit between said input terminal and said first output
terminal and between said input terminal and said first
and second output termiaals, respectively, a transformer
having a primary winding, a secondary winding and a
feedback winding, a trigger signal controliable switching
device having two current carrying electrodes and a con-
trol electrode of the type which may be rendered conduc-
tive only during the presence of a control signal of proper
polarity upon said control electrode, means for connect-
ing said input terminal and said first output terminal of
said switch device, said transformer primary winding and
said current carrying electrodes in series across said po-
tential source, means for connecting said feedback winding
across said control electrode and one of said current car-
rying electrodes, means for applying either one of said
first and second trigger signals to said control electrode, a
recistor connected between said second output terminal
of said switch device and said control electrode, a recti-
fier circuit having input and output circuit means, means
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for connecting said rectifier circuit input circuit means
across said transformer secondary winding, a capacitor,
an ignition coil having a primary winding and a secondary
winding, means for connecting said capacitor and said ig-
nition coil primary winding in serizs with said rectifier
circuit output crcuit means for charging said capacitor and
means responsive to the other one of said trigger signals
for completing a discharge circuit for said capacitor
through said ignition coil primary winding,

6. A capacitor discharge ignition system for an inter-
nal combustion engine comprising in combination wiih
a direct current potential source having positive and nega-
tive polarity terminals, a magnetic pulse generator means
for producing ignition signal puises in synchronism with
said engine, means responsive to said ignition signal pulses
for producing a first and a second trigger signal, a switch
device having an input terminal and first and second out-
put terminals of the type which is operable to a first posi-
tion and a second position for completing an electrical
circuit between said input terminal and said first output
terminal and between said input terminal and said first
and second cutput terminals, respectively, a transformer
having a primary winding, a secondary winding and a
feedback winding, semi-conductor switching device hav-
ing two current carrying electrodes and a control elec-
trode of the type which may be rendered conductive only
during the presence of a control signal of proper polarity
upon said control electrode, means for connecting said in-
put terminal and said first output terminal of said switch
device, said transformer primary winding and said cur-
rent carrying electrodes in series across said potential
source, means for connecting said feedback winding across
said control electrode and one of said current carrying
electrodes, means for applying either one of said first and
second trigger signals to said control electrode, a resistor
connected between said second output terminal of said
switch device and said control electrode, a rectifier cir-
cuit having input and output circuit means, means for
connecting said rectifier circuit input circuit means across
said {ransformer secondary winding, a capacitor, an igni-
tion coil having a primary winding and a secondary wind-
ing, means for connecting said capacitor and said ignition
coil primary winding in series with said rectifier circuit
output circuit means for charging said capacitor and means
responsive to the other one of said trigger signals for com-
pleting a discharge circuit for said capacitor through said
ignition coil primary winding.

7. A capacitor discharge ignition system for an internal
combustion engine comprising in combination with a di-
rect current potential source having positive and negative
polarity terminals, a magnetic pulse generator means for
producing ignition signal pulses in synchronism with said
engine, means responsive to said ignition signal pulses
for producing a first and a second trigger signal, a switch
device having an input terminal and first and second out-
put terminals of the type which is operable to a first
position and a second position for completing an elec-
trical circuit between said input terminal and said first
output terminal and between said input terminal and said
first and second output terminals, respectively, a trans-
former having a primary winding, a secondary winding
and a feedback winding, transistor switching device hav-
ing base, emitter and collector electrodes, means for con-
necting said input terminal and said first output terminal
of said switch device, said transformer primary winding
and said emitter and collector electrodes in series across
said potential source in such a manner that said transistor
switching device is forward poled, means for connecting
said feedback winding across said base electrode and
either one of said emitter and collector electrodes, means
for applying either one of said first and second trigger
signals to said base electrode, a resistor connected be-
tween said second output terminal of said switch device
and said base electrode, a rectifier circuit having input
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and output circuit means, means for connecting said
rectifier  circuit input circnit means across said frans-
former. secondary winding, a capacitor, an ignition coil
having a primary winding and a secondary winding,
means for connecting said capacitor and said ignition
coil primary winding in series with said rectifier circuit
output circuit means for charging said capacitor and
means responsive to the other one of said trigger signals
for completing a discharge circuit for said capacitor
through said ignition coil primary winding,

8. ‘A capacitor discharge ignition system for an internal
combustion engine comprising in combination  with a
direct current potential source having positive and nega-
tive polarity terminals, 2 magnetic pulse generator means
for producing ignition. signal pulses in synchronism with
said engine, means responsive to said ignition signal pulses
for producing a first and a second trigger signal, a switch
device having an input terminal and first and second out-
put terminals of the type which is operable to a first posi-
tion and a second position for completing an electrical
circuit between said input terminal and said first output
terminal and between said input terminal and said first
and second output terminals, respectively, a transformer
having a primary winding, a secondary winding and a
feedback winding, a transistor switching device having
base, emitter and collector electrodes for establishing and
interrupting an energizing circuit for said transformer
primary winding, means for connecting said input ter-
minal and said first output terminal of said switch device,
said transformer primary: winding and said emitter and
collector electrodes in series across said potential source
in such a manner that said transistor switching device is
forward poled, means. for connecting said feedback wind-
ing across said base electrode and either cne of said emit-
ter and collector electrodes and poled in such a manner
that the potential induced therein is of a direction to
forward base bias said transistor switching device when
said transformer primary winding is energized by said
potential source, means for applying either one of said
first and second trigger signals to said base electrode, a
resistor connected between said second output terminal of
said switch device and said base electrode, rectifier circuit
having input and: output circuit means, means for con-
necting: said rectifier circuit input circuit means across
said fransformer secondary winding, a capacitor, an ig-
nition coil having. a primary winding and a secondary
winding, means for connecting said capacitor and said
ignition coil primary wnding in seres with said rectifier
circuit output circuit, means for charging said capacitor

and means responsive to the other one of said trigger :

signals for completing a discharge. circuit for said ca-
pacitor through said ignition coil primary winding.

9. A capacitor discharge ignition system for an internal
combustion engine comprising in combination with a
direct current potential source having positive and nega-
tive polarity terminals, a magnetic pulse generator means
for producing ignition signal pulses in synchronism with
said engine, means responsive to said ignition signal pulses
for producing a first and a second trigger signal, a switch
device having an input terminal and first and second out-
put terminals .of the type which is operable to a first posi-
tion and a second position for completing an electrical
circuit between said input terminal and said first output
terminal and between said input terminal and said first
and second output ferminals, respectively, a transformer
having a primary winding, a secondary winding and a
feedback winding, a transistor switching device having
base, emitter and collector electrodes for establishing and
interrupting an energizing circuit for said transformer
primary winding, means for connecting said input ter-
minal and said first output terminal of said switch device,
said transformer primary winding and a selected two of
said electrodes of said transistor switching device in series
across said potential source, means for connecting said
feedback winding across said third electrode and either

[

10

20

40

60

70

12

one of said selected two electrodes and poled in such a
manner that the potential induced therein is of a direction
to forward bias said transistor switching device when said
transformer primary winding is energized by said poten-
tial source, means for applying either one of said first and
second trigger signals to said third electrode, a resistor
connected between said second output terminal of said
switch device and said third electrode, a rectifier circuit
having input and output circuit means, means for con-
necting said rectifier -circuit input circuit means across
said transformer secondary winding, a capacitor, an igni-
tion coil having a primary winding and a secondary wind-
ing, means for connecting said capacitor and said ignition
coil primary winding in series with said rectifier circuit
output circuit means for charging said capacitor and
means responsive to the other one of said trigger signals
for completing a discharge circuit for said capacitor
through said ignition coil primary winding.

10. A capacitor discharge ignition system for an inter-
nal combustion engine comprising in combination with a
direct current potential source having positive and nega-
tive polarity terminals, a magnetic pulse generator means
for producing ignition signal pulses in synchronism with
said engine, means responsive to said ignition signal pulses
for producing a first and -a second trigger signal, a switch
device having an input terminal and first and second out-
put terminals of the type which is operable to a first posi-
tion and a second. position for completing an electrical
circuit between -said input terminal and said first output
terminal and between said input terminal and said first
and second output terminals, respectively, a transformer
having a primary winding, a secondary winding and a
feedback winding, a transistor switching device having
base, emitter and collector electrodes for establishing and
interrupting an. energizing circuit for said transformer
primary winding, means for connecting said input termi-
nal of said switch device to said positive polarity terminal
of said potential source, means for connecting said trans-
former primary winding and said collector and emitter
electrodes of said transistor switching device in series
between said first output terminal of said switch device
and said negative polarity terminal of said  potential
source, means for connecting said feedback winding
across said base electrode and said emitter electrode and
poled in such a manner that the potential induced therein
is of a direction to forward base bias said tramsistor
switching device when said transformer primary winding
is energized by said potential source, means for applying
either one of said first and second trigger signals to said
base electrode of said transistor switching device, a re-
sistor connected between said second output terminal of
said switch device and:said base electrode of said tran-
sistor switching device, a full wave rectifier circuit having
input and output- terminals, means -for connecting said
rectifier circuit input terminals across said transformer
secondary winding, a capacitor, an ignition coil baving a
primary winding and a secondary winding, means for con-
necting said capacitor and said ignition coil primary
winding in’ series across said rectifier circuif output ter-
minals for charging said capacitor and a silicon controlied
rectifier switching device responsive to the other one of
said trigger signals connected in shunt across said ca-
pacitor and said ignition coil primary winding for com-
pleting a discharge circuit for said capacitor device
through said ignition coil primary winding.
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