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ABSTRACT OF THE DISCLOSURE

The present invention discloses circuit means for trig-
gering a fuel modulator circuit once per engine cycle to
control a precision fuel metering system so that a pre-
determined fuel charge is delivered to each of the cylin-
ders of an engine in accordance with the selected operat-
ing engine parameters. The circuit is operable to generate
an actuator pulse of predetermined constant pulse width
from electrical energy coupled from a spark plug lead.

CROSS-REFERENCE TO RELATED APPLICATION

This invention is related but not limited in use to the
following copending U.S. continuation patent applica-
tion: Ser. No. 809,450, entitled “Electronic Modulator
Circuit for Precision Fuel Metering Systems,” filed on
Feb. 19, 1969, in behalf of E. David Long. This applica-
tion is also assigned to the assignee of the present inven-
tion.

BACKGROUND OF THE INVENTION

This invention is related in application to a precision
fuel metering system wherein a plurality of fuel metering
transducers are employed for simultaneously or, by adap-
tation, sequentially delivering measured amounts of fuel
to the cylinders of an internal combustion engine, once
per engine cycle, in response to a electronic modulator
which measures various engine operational and environ-
mental parameters, such as engine manifold air tempera-
ture and vacuum, engine water temperature, engine speed,
throttle position, and barometric pressure. The amount of
fuel fed to each cylinder is dependent upon the length of
time each of the fuel metering transducers is held in the
open position in response to an energizing pulse of vari-
able pulse width generated by the electronic modulator.

It has heretofore been the practice to actuate the elec-
tronic modulator once per engine cycle mechanically by
means of a cam and breaker points coupled to the engine
camshaft. This concept has been successfully used; how-
ever, adaptation to an infinite variety of engines has been
difficult and requires a large variety of tooling. It has also
been suggested that triggering of the modulator might
be accomplished by coupling a signal from a spark plug
lead. This teaching is to be found in U.S. Patent No.
3,032,025 issued to E. D. Long et al. It has been found,
however, that the high voltage pulse coupled from the
spark plug lead cannot properly actuate the modulator
in a manner to provide reliable operation of the system.
In other words, in actual practice the pulse coupled from
the spark plug lead left much to be desired, although in
theory it appeared feasible.

SUMMARY OF THE INVENTION

The present invention comprises circuit means for gen-
erating a substantially constant width rectangular pulse
of predetermined amplitude in response to the high volt-
age pulse coupled from a spark plug lead to reliably actu-
ate an electronic modulator for precision fuel metering
systems under all operating conditions of the engines. The
circuit means contemplated includes both capacitive and
inductive pickup devices for coupling enmergy from the
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relatively high voltage pulse on the spark plug lead and
triggering a semiconductor pulse generator which gener-
ates a rectangular pulse of sufficient pulse width which
when coupled to the modulator circuit will render the
modulator circuit operable for a period of time greater
than is required for generating the variable pulse width
wave form which energizes the fuel metering transducers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a block diagram illustrative of a preci-
sion fuel metermg system utilizing the subject invention;

FIGURE 2 is an electrical schematic diagram of a
first embodiment of the subject invention; and

FIGURE 3 is a schematic diagram of a preferred em-
bodiment of the subject invention coupled to an electronic
modulator circuit used in conjunction with a precision
fuel metering system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIGURE 1, there is disclosed a block
diagram of a precision fuel metering system incorporating
the subject invention. The precision fuel metering system
comprises a plurality of fuel metering transducers 10 cou-
pled to a fuel rail 12 which is fed at one end from a fuel
tank, not shown, via a fuel pump 14 and a pressure regu-
lator 16. A fluid wave inverter 18 which has for its
purpose the elimination of all modes of standing waves
in the fuel rail 12 is connected to the opposite end there-
of and includes an exit port to which is connected a re-
turn line 20 to the fuel tank. The wave inverter 18 is
described in detail in copending U.S. continuation-in-part
patent application Ser. No. 832,962 entitled Fluid Com-
pression and Expansion Wave Converter for Precision
Fuel Metering Systems, filed in the name of E. David
Long and assigned to the assignee of the present inven-
tion. The precision fuel metering system is also described
in greater detail in U.S. Patent 3,412,718, entitled “Pre-
cision Fuel Metering System” patented Nov. 26, 1968,
in the name of E. David Long and also assigned to the
assignee of the present invention.

The fuel metering transducers 10 are adapted to be
simultaneously or sequentially energized once per engine
cycle for a predetermined time interval to deliver a pre-
determined fuel charge to the engine in accordance with
an energizing pulse generated by the modulator circuit 22
in accordance with engine parameters some of which are
sensed by devices, not shown, located in the throttle body
24. The subject invention contemplates the addition of an
electronic actuator circuit 26 in combination with an elec-
trical energy sampling means 28 coupled to a spark plug
lead 30 for generating a constant pulse width actuator
pulse for reliably actuating the modulator 22 circuit once
per engine cycle. FIGURE 1 also discloses a spark plug
32 mounted in an engine block 34, shown in partial sec-
tion. The spark plug lead 30 is connected to the spark plug
32 and is coupled back to the engine distributor, not
shown. It is the objsct of the present invention to actuate
the modulator circuit 22 completely by electrical means
as opposed to the heretofore required cam actuated con-
tacts.

Considering the present invention in greater detail, ref-
erence is made to FIGURE 2 which illustrates schemati-
cally one embodiment of the subject invention. The en-
ergy sampling means 28 shown in FIGURE 1 is illustrated
in FIGURE 2 as selectively either a capacitive element 36
or an inductive pickup 38 encircling a portion of the
spark plug lead 30. The capacitive element 36 is com-
prised of an inner and outer conductor 40 and 42, respec-
tively, of a selected length. A circuit lead 44 connects the
outer conductor 42 to ground while a shielded signal lead
46, having a predetermined capacity to ground, couples
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the inner conductor of 36 to the actuator circuit 26A. The
shield of signal lead 46 is grounded by means of circuit
lead 49. The inductive member 38 on the other hand is
comprised of an enclosed field inductor, for example a
toroidal wound coil 48 having one end coupled to ground
while the opposite end is connected to circuit lead 50. Cir-
cuit lead 50 is also adapted to be coupled to the actuator
circuit 26A and contains a capacitor 61 for direct current
isolation purposes. Circuit lead 50 is also shielded and has
a predetermined capacity to ground. Depending upon
which element is desired, both elements 36 and 38 are
operative to sample energy in the form of a bipolar en-
ergy pulse which decays with time from the spark plug
lead 30. The capacitive element 36, however, is the pre-
ferred means of coupling to the actuator circuit.

The actuator circuit 26A. shown in FIGURE 2 is com-
prised of a prebiased semiconductor trigger diode 52
which has one electrode connected to ground. The other
electrode is connected to an input terminal 53 through
circuit lead 54. A storage capacitor 56 is connected di-
rectly across the trigger diode 52 while bias resistors 57
and 59 couples a supply potential thereto by means of re-
sistor 58. The A- supply potential is applied from a
source not shown. The common connection between the
trigger diode 52, the resistor 58 and the input lead 54 is
coupled to the base of an N-P-N transistor 62 by means
of a coupling capacitor 64. The emitter of transistor 62
is connected directly to ground while the base is biased
from the supply terminal 60 by means of resistor 66. A
resistive load is provided for the transistor 62 by means of
resistor 68 which is coupled between the collector and
the voltage supply terminal 60. The output wave form
which comprises a rectangular wave of, for example, three
milliseconds duration is taken from the collector of tran-
sistor 62 and appears at output terminal 70.

In operation, transistor 62 is biased in a normally ON
condition by means of the base bias resistor 66. This con-
dition then provides an output of voltage at terminal 70
which is substantially at ground potential. In absence of
an energy pulse coupled from the spark plug lead 30,
capacitor 56 charges through resistor 58 to a voltage sub-
stantially equal to the bias voltage present at the junction
of resistors 57 and 59. The voltage across the capacitor 56
biases the semiconductor diode 52 just below its threshold
or breakdown potential. Upon the occurrence of an en-
ergy pulse, as indicated by wave form g, coupled to the
input terminal 53, the semiconductor diode 52 conducts
very heavily providing a very low resistance path to
ground, whereupon capacitor 56 immediately discharges.
Inasmuch as the charge across capacitor 64 cannot change
instantaneously the negative going leading edge of the
wave form b is coupled to the base of transistor 62 which
immediately renders it non-conductive. When this occurs,
the voltage wave form at the collector of transistor 62
rises to the supply potential A+ as indicated by wave
form ¢. When the energy pulse from the spark plug lead
diminishes, the semiconductor diode recovers and again
becomes non-conductive, whereupon capacitor 56 begins
to charge back to the potential at the junction of 57 and
58 according to the RC time constant of resistor 58 and
capacitor 56. This recharging of capacitor 56 is sensed
through the capacitor 64 and the voltage at the base of
transistor 62 also rises so that the transistor is rendered
conductive once more when capacitor 56 reaches a pre-
determined voltage. When transistor 62 becomes con-
ductive once more, the collector voltage immediately
drops to substantially ground potential as shown by wave
form ¢. In this manner, a rectangular pulse of a constant
pulse width is generated at terminal 70 for actuating the
modulator each time a high voltage ignition pulse appears
on the spark plug lead 30. Moreover, the actuator pulse
has a pulse width of constant magnitude irrespective of
the nature of the ignition pulse. All that is required is
sufficient energy being coupled to the semi-conductor
diode to exceed its threshold level, The pulse width of the
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wave form c¢ is dependent upon the RC time constant of
resistor 58 and capacitor 56.

FIGURE 3 schematically illustrates the preferred em-
bodiment of the subject invention utilized in combination
with a non-regenerative modulator circuit similar to that
described in copending U.S. Continuation Application,
Serial No. 809,450, noted earlier. Briefly, the non-
regenerative modulator designated by reference numeral
22 operates as follows: as opposed to the modulator de-
scribed in Ser. No. 809,450, transistors Q1 and Q2 are
both normally conductive in a saturated state. Capacitor
82 charges to a voltage which is the difference between
the positive A+ supply voltage appearing on the supply
bus 76 and the voltage appearing at junction 86. Pin 1
of connector 47 is coupled to junction 86 by means of re-
sistor 84. Pin 1 is also coupled to the wiper arm of a
potentiometer, not shown, which is responsive to vacuum
pressure present in the throat of the throttle body 24 in
FIGURE 1. The capacitor terminal is connected to junc-
tion 87 through resistor 91 and diode 90 and is at a value
substantially that of the A-- supply potential due to the
fact that tramsistor Q2 base-emitter junction is in a for-
ward conducting mode, as is diode 90. Both act sub-
stantially as closed switches, Resistor 91 and diode 90 pro-
vide added noise immunity and stability by virtue of the
switching action of diode 90 which provides a low imped-
ance path for normal charge of capacitor 82 and a high
impedance path for undesired signals.

For proper operation of the modulator circuit 22, the
voltage appearing at junction 86 must be allowed to be-
come equal to the voltage at pin 1 of connector 47 and
after reaching this potential, junction 86 must be re-
turned to substantially the emitter potential of Q1. The
purpose of the present invention, as shown. in the actuator
circuit 26B of FIGURE 3, is to provide an actuator sig-
nal to perform this necessary control function in con-
junction with transistor Q1.

Referring now to FIGURE 3, transistor 156 of the
actuator circuit 26B is normally in a saturated state by
virtue of resistor 172 and therefore acts like a closed
switch. Transistor Q1 of the modulator circuit 22 is nor-
mally in a saturated state by virtue of base curremnt sup-
plied through resistor 176 and transistor 156. Upon the
occurrence of the actuator signal d, transistor 156 in
the actuator circuit 26B is turned off, thereby acting as
an open switch. This turns transistor QL off by virtue of
the reverse biasing action of resistors 79, 75 and 73 in the
base-emitter junction circuit.

During the time that Q1 is turned off, for instance 3
milliseconds as shown in wave form e of 26B, the capaci-
tor 82 will charge, at junction 86, to a value substantially
equal to the voltage appearing at pin 1 of connector 47.
Upon the termination of the actuator pulse ¢, Q1 reverts
to . its saturated state. Transistor Q1 acts as a closed
switch connecting junction 86 to the potential existing at
the junction 88 of resistors 75 and 79. Depending upon
the voltage that appeared at pin 1 of connector 47 dur-
ing the actuation pulse interval, (3 milliseconds), the re-
sulting voltage immediately appears at junction 87, due to
the fact that the charge on capacitor 82 cannot change
instantaneously. This change of potential at junction 87
is in a positive direction. This turns transistor Q2 off
whereupon capacitor 82 begins to discharge through the
discharge path comprising resistor 91, diode 90, resistor
75, the conductive transistor Q1, the fixed resistor 106,
the rheostat 108, and any voltage sources or other ele-
ments which may be coupled thereto through pin 5§ of
connector 47. Transistor Q5 is nmormally conductive to
provide a virtual short circuit across resistor 110 and ac-
cordingly does not appear in the discharge path. How-
ever, it does have an effect when acceleration is desired
at which time transistor QS is rendered non-conductive to
add the additional resistance provided by resistor 110,
thus increasing the discharge time constant of capaciv
tor 82.
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When transistor Q1 is rendered conductive and capaci-
tor 82 begins to discharge, it will discharge until the
potential at junction 87 reaches substantially a voltage
equal to A+, at which time transistor Q2 will be rendered
conductive once again. The voltage at the collector of
transistor Q2 and junction 89 then is a rectangular wave
which is variable in pulse width depending upon the volt-
age appearing at junction 86 at the time that tramsistor
Q1 is turned on and the value of the discharge time con-
stant of capacitor 82.

Transistors Q3 and Q4 provide an emitter follower and
an amplification stage, respectively, which are coupled to
the fuel metering transducers shown in FIGURE 1
through pin 11 of connector 47.

Returning now to the instant invention and the embodi-
ment thereof shown in FIGURE 3, a capacitance pickup
element 36 is electrostatically coupled to the spark plug
lead 30 and comprises an inner sleeve 40 and an outer
sleeve 42. The outer sleeve 42 is grounded by means of
circuit lead 44 providing an electrical shield for the inner
sleeve 40, and also a predetermined capacitance from
inner sleeve 40 to ground. A shielded circuit lead 46 is
attached to the inner sleeve 40 with the shield of this lead
connected to ground by means of circuit lead 49. The
shielded lead 46 provides an additional predetermined
capacity from the inner sleeve 40 to ground providing
essentially a capacitive voltage divider for emergy cou-
pled to the actuator circuit 26B from the spark plug lead
3¢ to the junction of resistors 162 and 164. In addition
to providing the predetermined amount of capacity, the
shielded lead 46 also prevents pickup of unwanted signals.
To further prevent the pickup of unwanted energy, the
spark plug lead 39 is shielded by shield 31 over substan-
tially all of its length. The shield 31 furthermore is con-
nected to ground by means of circuit lead 45.

The embodiment of the actuator circuit 26B shown in
FIGURE 3 comprises three N-P-N transistors 152, 154
and 156 and are coupled together by means of capacitors
158 and 160, respectively. The base of transistor 152 is
biased into a saturated conducting mode by means of two
series base bias resistors 162 and 164. Input terminal 150
is coupled to the common connection between resistors
162 and 164. Resistors 162 and 164 additionally provide
a resistive input impedance into which the capacitive pick-
off element 36 is terminated. A collector load resistor for
transistor 152 comprises resistor 166. The base bias re-
sistor of transistor 154 is comprised of resistor 168 while
the collector load is comprised of resistor 170. In a similar
manner, the base bias of transistor 156 is comprised of
resistor 172 while the collector load resistance is comprised
of resistor 176 and the input impedance of Q1 and re-
sistor 73 in the modulator 22. A feed back resistor 178 is
coupled from the collector of transistor 156 back to the
base of transistor 152 for providing a degenerative feed
back which inhibits any tendency for high frequency feed
back to cause instability of the circuit operation and also
improves the noise rejection capabilities of the actuator
circuit. A positive supply potential A-- is adapted to be
coupled to the transistors 152, 154 and 156 by means of
terminal 161 from a supply source, not shown.

The input circuit comprising resistor 162, resistor 164,
resistor 166, transistor 152 and capacitor 158 are operated
in a manner so that sufficient energy is stored in capacitor
158 to effectively stretch the ignition pulse to a required
width to charge capacitor 160 through the action of tran-
sistor 154 and resistor 170. Capacitor 160 charges to sub-
stantially the supply potential A-}. Transistor 156 is
turned off when transistor 154 again becomes conductive
and is held off by the action of capacitor 160 and resistor
172 for a period of, for example, three milliseconds.

In more detail, the input pulse from the inner sleeve 40
comprises a bipolar energy pulse wave form d which
diminishes in amplitude very rapidly. Transistors 152, 154
and 156 are biased normally on into the saturated region
of their respective current voltage characteristics so that
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they conduct heavily and provide a virtually short circuit
or closed switch condition between the collector and emit-
ter electrodes. This being the case, capacitors 158 and
160 both have their terminals substantially shunted to
ground and therefore are completely discharged. Upon the
occurrence of the high voltage ignition pulse, the positive
swing of the pulse will not affect transistor 152 inasmuch
as it is already in its conductive state; however, the nega-
tive swing will turn transistor 152 off. Capacitor 158 be-
gins to charge towards the supply potential A+ through
the resistor 166 and the conducting transistor 154. When
the ignition pulse applied to terminal 150 falls to a value
wherein transistor 152 is again returned to its conductive
state, capacitor 158 has stored sufficient energy to turn off
transistor 154. The time that transistor 154 is in the off
state is determined by the discharge path of capacitor 158
through the on transistor 152 and resistor 168. When the
voltage across capacitor 158 discharges to the point where
it can no longer maintain transistor 154 in the noncon-
ducting state, the transistor 154 again conducts heavily
by virtue of the bias through resistor 168, meanwhile the
capacitor 160 has charged toward the supply potential
A+ through resistor 170 and the conducting transistor
156. At the time transistor 154 again becomes conductive
the energy stored in capacitor 160 will turn off transistor
156 for a time interval determined by the discharge path
of the conducting transistor 154 and the resistor 172. By
selectively choosing the time constants of the charge and
discharge circuits for capacitors 158 and 160, transistor
156 is turned off and held off for a period of three milli-
seconds giving rise to a positive going rectangular output
signal wave form ¢ at the output terminal 151. This wave
form is coupled to pin 3 of the connector 47 of the modu-
lator circuit 22.

A three millisecond positive going rectangular wave is
accordingly fed once per engine cycle to the base of tran-
sistor Q1 of modulator 22 turning it off for a period longer
than is required for generating an energizing wave form
for the transducers under all operating conditions of the
engine. In effect, the actuator circuit has electronically
actuated the modulator circuit as opposed to mechanically
actauted switch contacts which were heretofore utilized.
Additionally, the circuitry described by the present inven-
tion is adapted to provide reliable operation under any
reasonable fault in the firing of the spark plugs. Also, the
pickup device is selectively placed upon the spark plug
lead to provide an effective energy transfer even under
relatively badly fouled operation.

While it has been shown and described what is at pres-
ent considered to be the preferred embodiments of the
invention, modifications thereto will readily occur to those
skilled in the art. It is not desired, therefore, that the in-
vention be limited to the specific arrangements shown and
described, but it is to be understood that all equivalents,
alterations, and modifications within the spirit and scope
of the invention are herein meant to be included.

‘What is claimed is:

1. An actuator circuit for an electronic modulator
utilized in a precision fuel metering system for delivering
a predetermined fuel charge to each cylinder of a spark
ignition type engine once per engine cycle, comprising
in combination: an electrical energy sampling means lo-
cated adjacent a spark plug lead for sampling a portion
of the high voltage ignition pulse appearing thereon;
first electrical shielding means covering a predetermined
portion of said spark plug lead; an electronic pulse gener-
ating circuit coupled to said energy sampling means, being
responsive to the sampled portion of the ignition pulse
to produce a substantially constant pulse width actuation
signal for said electronic modulator, said electronic pulse
generating circuit including, first semiconductor switch
means coupled to said energy sampling means, being oper-
ative to change conductive states in response to said
sampled portion of the ignition pulse, capacitor means
coupled to said first semiconductor switch means, being
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adapted to change its electrical charge state in accordance
with the change in the conductive state of said first semi-
conductor switch means, and second semiconductor switch
means coupled to said capacitor means, being responsive
to said change of electrical charge state thereof to be
rendered non-conductive for a predetermined period once
per engine cycle, thereby producing said substantially con-
stant pulse width actuation signal; a shielded circuit lead
including second electrical shielding means, coupled be-
tween said electrical energy sampling means and said elec-
tronic pulse generating circuit; and circuit means con-
necting said first and said second electrical shielding means
to a point of reference potential. :

2. The invention as defined by claim 1 wherein said
energy sampling comprises an inductance electrically
coupled to said spark plug lead.

3. The invention as defined by claim 2 wherein said
inductance element comprises an enclosed field inductor
encircling said spark plug lead including two terminal
ends, and circuit means for connecting one terminal end
to a point of reference potential and circuit means for
connecting the other terminal end to said electronic pulse
generating circuit.

4. The invention as defined by claim 1 wherein said
electrical device comprises a capacitive element coupled
to said spark plug lead.

5. The invention as defined by claim 4 wherein said
capacitive element comprises a pair of concentric cylin-
drical members surrounding a portion of said spark plug
lead, and circuit means for comnecting the outer cylin-
drical member of said pair to a point of reference poten-
tial and circuit means coupling the inner cylindrical mem-
ber of said pair to said electronic pulse generating circuit.

6. The invention as defined by claim 1 wherein said
first semiconducting switch means comprises a semicon-
ductor trigger diode and said second semiconductor switch
means comprises a transistor.

7. The invention as defined by claim 1 wherein said
first and second semiconductor switch means comprises
transistors normally biased in a conductive state of
operation. :

8. The invention as defined by claim 7 and additionally
including another capacitor means and a third transistor
biased in a normalily conductive state coupled intermedi-
ate said capacitor means and said second tramsistor in-
cluding circuit means for coupling said third transistor
to said first capacitor means and said second capacitor
means between said third transistor and said second
transistor.

9 The invention as defined in claim 8 wherein said
electrical energy sampling means comprises a capacitive
pickup element including an inner and outer electrically
conductive sleeve concentrically disposed around a por-
tion of said spark plug lead and including means for
connecting said outer sleeve to said point of reference
potential and circuit means for coupling said inner sleeve
to said first transistor. .

10. An actuator circuit for an electronic modulator
circuit utilized in a precision fuel metering system for a
spark ignition type of engine, comprising in combination:
an electrical energy sampling means comprising a capaci-
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tive pickup element including an inner and outer elec-
trically conductive sleeve concentrically disposed around
a portion of said spark plug lead for sampling a portion
of the high voltage ignition pulse appearing thereon; circuit
means connecting said outer sleeve to a point of reference
potential; an electronic pulse generating circuit coupled
to said inner sleeve, being responsive to the sampled
portion of said ignition pulse to produce a substantially
constant pulse width actuation signal for said modulator
circuit, said electronic pulse generating circuit including,
a first transistor normally biased in a conductive state of
operation, means coupling said first transistor to said
inner sleeve, said first transistor being operative to be-
come non-conductive in response to said sampled portion
of said ignition pulse, first capacitor means coupled to
said first transistor being adapted to change its electrical
charge state in accordance with the non-conductive state
of said first transistor, a second transistor normally biased
in a conductive state of operation coupled to said first
capacitor means, being responsive to said change of elec-
trical charge of said first capacitor to ‘become non-
conductive for a predetermined time period, second
capacitor means coupled to said second transistor being
adapted to change its electrical charge state in accordance
with the non-conductive state of said second transistor,
and a third transistor normally biased in a conductive
state coupled to said second capacitor, being responsive
to said change in electrical charge state of said second
capacitor to also become non-conductive for a pre-
determined interval, said first, second and third tran-
sistor becoming non-conductive sequentially once per
engine cycle and generating a substantially constant width
pulse signal thereby, for operating said modulator circuit.

11. The invention as defined in claim 10 and addi-
tionally including degenerative feedback means coupled
from said third transistor back to said first transistor.

12. The invention as defined by claim 11 wherein said
first and third transistors each include base, collector and
emitter electrodes and wherein said degenerative feedback
means comprises a resistor coupled from the collector
electrode of said third transistor to the base of said first
transistor.

13. The invention as defined by claim 10 wherein means
coupling said first transistor to said inner sleeve com-
prises a shielded conductor including a shielding means
connected to a point of reference potential.

14. The invention as defined by claim 1@ and addi-
tionally including electrical shielding means covering a
predetermined portion of said spark plug lead.
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