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IGNITION SYSTEM
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assignors to General Motors ‘Corporation, Detroit,
Mich., a corporation of Delaware

Application January 26, 1956, Serial No. 561,487
9 Claims., (CL 123—179)

This invention relates to ignition systems for internal
combustion engines and is more particularly concerned
with an improved circuit for causing an electronic switch
in an ignition circuit to become conductive. .

It is an object of the present invention to increase the
voltage of a circuit which confrols the triggering of an
electronic switch in an ignition circuit for an internal
combusition engine during the periods when the starting
motor for the engine is energized.

It is another object of the present invention to control
the triggering of an electronic switch in an ignition sys-
tem for an internal combustion engine by a circuit that
includes a transformer that has one winding connected
with the electronic switch and the other winding con-
nected to the source of current for the ignition system.

A further object of the present invention is to control
the conductivity of an electronic switch in an ignition
system for an internal combustion engine by a circuit
that includes a transformer that has its secondary wind-
ing connected to the electronic switch and its primary
winding connected in circuit with a pair of breaker points
and with the source of current for the ignition system.

A still further object of the present invention is to
provide an electronic ignition system for an internal
combusition engine with a control circuit that is ener-
gized by a low voltage from the source of power for
said electronic ignition system, which control circuit in-
cludes a transformer that has its secondary winding con-
nected with an electronic switch and its primary winding
connected in circuit with a pair of breaker points and a
voltage divider which has provisions for changing its ratio
so the voltage supplied to the transformer primary is
maintained substantially constant even through the volt-
age at said source is decreased when the starting circuit
for the engine is energized.

Further objects and advantages of the present inven-
tion will be apparent from the following description,
reference being had to the accompanying drawing
wherein a preferred embodiment of the present inven-
tion is clearly shown.

In the drawing, the single figure shows a wiring dia-
gram of an ignition system for an internal combustion
engine according to the present invention.

In the drawing, the numeral 20 designates a storage
battery which has one terminal connected to ground 22
and the other terminal connected to a suitable ignition
and starter switch 24 which may be of the type disclosed
in U. S. Patent 2,655,570, Brown et al., which has been
assigned to the assignee of the present invention. The
switch 24 is arranged to either close the ignition circuit
only or simultaneously close the circuits to both the igni-
tion and the starting motor circuits, which will be here-
inafter described, or may break the starting motor circuit
and maintain the ignition circuit or may break both cir-
cuits. Obviously, two switches may be used instead of
the single switch 24 and, when so used, the two switches
will individually control the starting and ignition circuits.
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The starting motor circuit includes a solenoid switch
26 which has its actuating winding 28 circuit controlled
by the switch 24. When the winding 28 is energized, the
solenoid armature 30 is moved to directly connect the
starter 32 with the battery 20. When the armature 30
closes the starting motor 32 circuit, it also, through coa-
tact 34, closes a circuit to the windings of solenoids 36
and 38, the function of which will be later set forth.

The primary circuit ignition system shown includes; a
vibratory coil 40, a transformer 42, a condenser 43; a pair
of rectifier tubes 44 and 46, a cold cathode tube 48, an
inductance 50, a condenser 52, the primary winding 53 of
an ignition coil 54, a reverse tube 56 and a triggering
tube 38. The secondary ignition circuit includes the
secondary winding 60 of the ignition coil 54, a distribu-
tor, not shown, and spark plugs diagrammatically shown
as 62 on the drawing. The ignition system, if desired,
may include a ballast lamp 64 and the solenoid 36, which
is used to increase the voltage impressed on the ignition
system during periods when the engine starter 32 is ener-
gized. The solenoid 36, when used, is suitably connected
to the taps of the transformer 42 as shown. The con-
denser 75 is a feed through condenser and is included to
reduce interference with surrounding radio or other simi-
lar electrical equipment.

The connections and functions of resistances 66, 68 and
76 and condensers 43, 72, 74, 76 and 78 as well as the
functions and operations of the ballast lamp 64 and use
of the solenoid 36 to control the taps of transformer 42
are all set forth in application, S. N. 402,910, filed Janu-
ary 8, 1954, by Brooks H. Short, who has assigned the
application to the assignee of the present invention. This
application also clearly discloses how the various here-
tofore mentioned parts of the primary and secondary ig-
nition systems are interconnected and their operation in
the systems.

The present invention is directed to a means or system
for controlling the triggering or conductivity of the trig-
gering tube 58 so that the condenser 52 will discharge
through the primary winding 53 of coil 54. This will
cause the spark plugs to ignite as is well known to those
skilled in the art. The control circuit or means for the
tube 58 includes a resistance 80, a transformer 82, a po-
tentiometer resistor 85, solenoid 38, breaker points 84,
condenser 86 and battery 20.

The secondary winding 88 of the transformer 82 has
one end connected through resistance 80 with the grid
99 of tube 58. The other end of winding 88 is connected
to ground 22. The primary winding 92 of transformer 82
has one of its ends connected with the armature 94 of
solenoid 38 and the other end connected through breaker
points 84 to ground 22. The condenser 86 is connected
across points 84 to minimize arcing between the points
84 as they open and close.

The armature 94 of the solenoid 38 is normally held
by spring 96 to engage contact 98 and complete a circuit
with tap 180 of the potentiometer resistance 85. The
armature 94 is moved, when the coil of the solenoid is
energized, to engage the contact 102 which is connected
with tap 104 of the potentiometer resistance or voltage
divider 85. The resistance 85 preferably has a total value
of 15 ohms and the taps 100 and 104 divide the potentiom-
eter resistance 84 into three sections 106, 108 and 110
which, preferably and respectively, have values of 2, 6
and 7 ohms. The free end of section 110 is directly con-
nected through fuse 112 and the ignition switch 24 to
the battery 20. The free end of section 106 is connected
to ground 22. The resistance 80 preferably has a value
of 330K ohms.

With the above circuit arrangement in mind, the op-
eration of the triggering of tube 58 will now be described.
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Bvery time the. firing of -spark plug 62 is required, the
secondary winding 88 of transformer 82 supplies a posi-
tive voltage pulse to the grid 98 of tube 58 through the
resistance 80. This positive voltage pulse will cause the
tube 58 to be conductive-so that-condenser: 52 discharges.
~When - the breaker -points ‘84 close, - current’ will flow
through- the -primary--winding: 92 - of the transformer 8§2.
This current will build up along an exponential curve,
and- will store energy in the magnetic field surrounding
both windings: of transformer-82. ‘At the instant ignition
is required,-the contact-points-84-open. This action causes
a relatively high voltage to be developed in the primary
92 of transformer 82. This voltage is further stepped
up in the proper phase so that the opening of contact
points 84 results in a-higher voltage -of positive polarity
with respect to- ground to appear at the ungrounded ter-
" minal of secondary winding ‘88. This high voltage is
transferred- through resistor 80 to the grid 90 of controlled
tube 58 and causes tube ‘58 to become ionized, thereby
permitting the energy which previously had been stored in
condenser 52 to be discharged through the primary 53
of ignition coil 54. When the transient voltage disappears
from the secondary 88, the -grid 90 of tube 58 again as-
sumes the potential of ground 22, thereby extinguishing

the tube 58.

Since the tube 58 may. be adversely affected by negative
potential at the grid 90, the entire triggering circuit has
been arranged with the voltage divider so that the voltage
produced at the ungrounded. terminal of secondary wind-
ing 88 is of negligible value at the instant points 84 close
for the establishment of the magnetic field in the wind-
ing 82.

As has been previously pointed out, solenoids 36 and
38 are both energized when the starter solenoid 26 is
energized. The energization of solencid 36 will cause
higher voltage to be impressed across the primary ignition
circuits during the periods when the starter 32 is ener-
gized. This result is clearly set forth in the Short ap-
plication supra.

When the solenoid 38 is energized, the armature 94
will. be moved: from its engagement with contact 98 into
engagement with contact 102 so that the division ratio
of the. divider is changed from 245 to 845. This increasing
division ratio when coupled with the decreasing battery
voltage during cr,ankij;g_, results, in sufficient energy and
voltage. for triggering the grid 90 of tube 58 during the
cranking period.

While the embodiment of the present invention as
herein disclosed constitutes a preferred form, it is to be
understood that other forms might be -adapted.

What is claimed is.as follows:

1, In an ignition system for an internal combustion
engine having; a source of D. C. current and voltage,
a. means for increasing the voltage of said source to a
higher voltage, ‘a load connectable to said source for de-
creasing the voltage of said source, a primary circuit
connected with said higher voltage means, and an elec-
tronic switch connected in said primary circuit for con-
trolling current flow in -said primary circuit from said
higher voltage means, means including a transformer
having a primary winding connected in circuit with said
source, lower means and a secondary winding connected
with said electronic switch for controlling current flow
through said switch and a means in the circuit between
the-source.and primary winding for increasing the voltage
across the primary winding when the load is connected to
said source. :

2. In ap ignition system of the character described
wherein.an electronic switch. controls the flow of current
from a D. C. source through a primary ignition circuit,
a means for controlling the operation of the electronic
switch, comprising in combination; a set of breaker points,
and a transformer having a primary winding connected in
circuit with said source, breaker points.and a secondary
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4
winding connected in circuit with said electronic switch
and means for increasing the voltage across the -primary
winding when a load is connected to said source.

3. In an ignition system of the character described
wherein an electronic switch is used to control the flow
of current from a D. C. current source through a primary
ignition circuit, the combination comprising; a set of
breakerpoints, a transformer having a primary winding
connected in circuit between said source and breaker
points and a secondary winding connected in circuit:with
a grid of said electronic switch for controlling current flow
in said primary ignition circuit in response to current
flow in the primary winding of said transformer and a
voltage dividing network arranged to limit the voltage
in the primary winding to a.predetermined maximum for
limiting the negative potential on said grid.

4. In an ignition system of the character described for
an internal combustion engine wherein an electronic. switch
is used to control the flow of current from a D. C. source
through a primary ignition circuit, the combination. com-
prising; an external load connectable to said source, a set
of breaker points, a multitap resistance voltage divider,
a transformer having primary connected with said breaker
points and a secondary winding connected with said
switch and means for selectively connecting said pri-
mary with taps on said resistance for maintaining a con-
stant voltage across the primary winding when said load
is connected and disconnected with said source.

5. In an ignition system of the character described, the
combination comprising, a source of D. C. current, an
ignition coil and an electronic switch having a variable
potential grid arranged for controlling the flow of cur-
rent between said source and coil, 2 means. including a
transformer for changing the potential of said grid, said
transformer having a primary coil winding connected with
said source and a set of breaker points and a secondary -
connected with said grid for controlling current flow
‘through said switch in response to current flow changes
in said primary winding and means connected between
the primary winding and the source for limiting.the volt-
age. across the primary winding to a predetermined value.

6. In an ignition system of the character described
wherein an electronic switch is used to control the flow
of current from a D. C. source to a primary ignition-cir-
cuit, the combination comprising; a transformer having
a secondary winding connected with said .switch and a
primary winding connected with said source and a means
connected in circuit with said source and primary wind-
ing for limiting the voltage to .said primary winding
from said source and thereby to limit negative voltage.in
said secondary circuit.

7. The combination as set forth in claim 4 wherein the
external load includes a starting motor and the means
which connects the primary.coil of the transformer with
the multi-tap resistance is operatively connected with a
circuit which causes-a starter-for the internal combustion
engine to be energized for increasing the current flow
through said primary transformer coil whenever the said
starter is energized.

8. In an ignition system .of the character described
wherein an electronic switch is. used to control the flow
of current from a D. C. source to a primary ignition cir-
cuit, .the combination comprising; a transformer having
a secondary winding connected with said switch and. a
primary winding connected with said source, and a means
including a multi-tap resistance for.limiting and varying
the source voliage:to said primary winding to limit nega-
tive voltage in said-secondary.

9. In an-ignition system of .the character described for
an internal combustion .engine ‘the combination compris-
ing a starting motor circuit for cranking said engine,.an
electronic switch in control a flow of current to a pri-
mary ignition circuit,.a common D..C. current source for
said starting motor and said primary ignition circnit, a
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means to increase the current flow from said source to
said primary ignition circuit and a means to increase the
current flow from said source to a control circuit for said
electronic switch during periods when said starting motor
is energized by current from said source.
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