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ABSTRACT OF THE DISCLOSURE

A system of test apparatus for analyzing the perform-
ance of the ignition system of an internal combustion
engine is provided. The apparatus is connected to ap-
propriate elements of the internal combustion engine’s
ignition system and provides data which indicates whether
the ignition system is functioning properly. One element
of the test system is a pulse generator which provides a
pulse which emulates the pulse usually obtained from
the secondary of the ignition coil. The ignition coil is dis-
connected from the engine distributor and the pulse
generator is used instead to provide a well-defined pulse
to the distributor rotor. The output of the pulse genera-
tor may be controlled, for example, by a source of
control signals to vary the pulse parameters. Another
element of the test system is a “points open detector”
which provides an indication of the exact time when the
engine breaker points open. The “points open detector”
employs a voltage level detector in combination with a
timing device. Still another element of the test system
is a “spark end detector.” the “spark end detector” pro-
vides an indication of the time when the ignition spark
discharge ends. The “spark end detector” includes the
use of a current sensor connected to the aforesaid pulse
generator. The output signals from the points open de-
tector and the spark end detector may be transmitted to
a data processing means for analysis.

BACKGROUND OF THE INVENTION
Field of the invention

The present invention is in the engine analyzer art and,
more particularly, relates to systems for testing, analyzing
and diagnosing the ignition characteristics of an internal
combustion engine.

Description of the prior art

Prior art systems for analyzing ignition system charac-
teristics involve the use of a cathode ray tube to display
the voltage and current waveforms. The diagnosis is then
made by the operator observing the displayed waveforms.
Examples of prior art systems are provided in U.S.
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Patent 3,035,438, issued May 22, 1962 to R. B. Hale

and U.S, Patent 3,186,218, issued June 1, 1965 to W. B.
Hollis.

The system of the present invention is distinct in that
an idealized ignition pulse is provided from a separate
pulse generator and the characteristics of the ignition

waveforms are determined as measurement signals which

may be analyzed by computer data processing.
SUMMARY OF THE INVENTION

A system of test apparatus for providing data for
analyzing and diagnosing the ignition elements of an in-
ternal combustion engine. The ignition pulse generating
equipment of the engine consisting of the battery, breaker
points, condenser and coil is disconnected from the dis-
tributor of the engine and an external pulse generator is
provided which is connected to the distributor and gen-
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erates a well-defined pulse for firing the engine spark
plugs. The external pulse generator is synchronized with
the engine timing device (i.., breaker points). The ex-
ternal pulse generator may also be controlled to advance
or retard the firing time if desired.

Apparatus is also provided for determining the “points
open” time from the voltage waveform across the breaker
points and for determining the end of the spark dis-
charge waveform by detecting the current in the ground
return path of the secondary coil of the external pulse
generator.

An advantage of the present invention is that the ex-
ternal pulse generator provides a predetermined well-
defined pulse so that any abmormalities detected in the
resultant spark discharge waveform can be attributed to
the distributor and spark plugs rather than being the
result of abnormalities in the engine’s battery, coil or
condenser.

Another advantage of the present invention is the pro-
vision of apparatus for determining parameters of ignition
waveforms which may be subsequently analyzed by data
processing techniques.

Therefore; an object of the present invention is to pro-
vide test apparatus for the ignition system of an internal
combustion engine.

The foregoing and other objects, features and ad-
vantages of the invention will be apparent from the
following more particular description of a preferred em-
bodiment of the invention, as illustrated in the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a curve representing the primary circuit
voltage waveform of an ignition system,

FIG. 2 is a curve representing the secondary voltage
waveform of an ignition system.

FIG. 3 is a system block diagram of an embodiment
of test apparatus according to the principles of the present
invention.

FIG. 4 is a detailed diagram of the pulse control means
of FIG, 3.

FIG. 5 is a detailed diagram of the pulse driver means
of FIG. 3.

FIG. 6 is a detailed diagram of the end of spark de-
tecting means of FIG. 3.

FIG. 7 is a curve representing a voltage waveform
useful in explaining the operation of the end of spark
detecting means of FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Prior to a discussion of the operation of the test ap-
paratus of the present invention, a brief discussion of
ignition system waveforms will be provided.

The two ignition voltage patterns used for analysis
are the primary circuit voltage and the secondary circuit
voltage waveform. The primary circuit voltage and the
secondary circuit voltage waveforms are shown in FIGS.
1 and 2 respectively.

In FIG. 1, the primary voltage waveform shows the
voltage variation across the engine breaker points and in
FIG. 2, the secondary voltage waveform shows the volt-
age varjation across the spark plug. Since a properly op-
erating ignition system presents characteristic patterns,
any deviation from the characteristic patterns indicates
some type of difficulty. The waveform patterns shown in
FIGS. 1 and 2 are normal and represent a properly op-
erating system.

The voltage waveforms can be generally divided into
three sections: the spark zone, the low frequency zone,

. and the dwell zone. These three zones are designated
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in FIGS. 1 and 2. The spark zone begins the instant the
breaker points open. The high negative voltage peak (the
firing voltage) shown on the secondary waveform pattern
of FIG. 2 at the beginning of the spark zone indicates the
voltage surge in the secondary circuit to the spark plugs.
When the potential has reached the firing potential, a
spark across the plug is initiated. The much lower poten-
tial at which the spark is sustained is indicated by the
height of the spark line. The firing voltage is generally
in the order of 5 to 15 kilovolts and the spark line voltage
is in the order of 1 kilovolt. The length of the spark line
indicates how long the spark exists. The spark extinguishes
at the end of the spark zone.

The low frequency zone immediately follows the spark
zone and appears on the secondary waveform of FIG. 2
as a series of gradually diminishing oscillations, These
oscillations are caused by the rapid transfer of energy
from the coil inductance to the combined capacitance of
the coil and the condemser. The energy begins as the
energy remaining in the coil after the spark and is dis-
sipated as it alternately is stored by the coil and ca-
pacitance, hence, the diminishing oscillations.

The dwell zone begins when the breaker points close
and continues until the points open again. When the

points close, a small high frequency oscillation begins in <

the secondary as a result of the battery voltage being
applied across the primary winding.

The primary waveform pattern is divided into the same
three sections. The spark zone of the primary voltage

waveform in FIG. 1 differs from the spark zone of the °

secondary voltage waveform of FIG. 2 in that there are
high frequency oscillations superimposed on the spark
line. These oscillations result from the transfer of energy
between the primary coil inductance and the condenser.

The low frequency zone of the primary voltage wave- 3.

form of FIG. 1 is similar to the secondary voltage wave-
form of FIG. 2 and can be interpreted in the same way
as for FIG. 2. When these oscillations die out to a
straight line, the line represents the DC voltage across the
points which is nearly the same as the automotive bat-
tery voltage.

When the points close, the secondary waveform pat-
tern of FIG. L shows the rapid change as the voltage
across the point drops to zero. The dwell zone showing
the length of time the points remain closed, continues
up to the points open time indicating the start of another
cycle.

Characteristics of the secondary waveform pattern are
indicative of ignition abnormalities. For example, if a
long low spark line is indicated, this may mean that there
is a shorted or fouled plug, a shorted wire or a close gap.
A short high spark line indicates either a spark plug with
an excessive gap or gaps in the ignition wires or connec-
tions. When there is no spark line, it may mean that
there is an open plug, an open wire or a defective dis-
tributor. A sharply decreasing spark line voltage indi-
cates too much resistance in the wire.

In the present invention, two particular characteristics
of the secondary voltage waveform are determined. One
is the time at which the points open and the other is the
time at which the spark ends. Unique test apparatus is
provided to determine these parameters in cooperation
with an external pulse generator which is substituted for
the coil of the engine ignition system in order to provide
an idealized input waveform.

Referring to FIG. 3, the test apparatus is shown in com-
bination with the engine ignition system. The engine
ignition system consists of the battery 10, the ignition
switch 12, the ballast resistor 13, the coil consisting of

primary winding 14 and secondary winding 16, a con- T

denser 18, a pair of breaker points 20, a distributor 22
and the spark plugs 24.

In a conventional ignition system, the battery 10 sup-
plies current to the primary coil winding 14. When the
breaker points 20 are closed and provide a path to ground,
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the current supports-the storage of magnetic energy in the
coil. When the breaker points are opened by a cam 26
driven by the engine shaft, the current is cut off and
the energy stored in the magnetic field must dissipate.
The energy dissipates by inducing a current in the sec-
ondary winding 16 of the coil which is normally con-
nected to the distributor 22. Because there are about 100
times as many turns in the secondary winding 16 as in
the primary winding 14, the transformer action steps up
the primary voltage to produce a large secondary volt-
age in the secondary coil 16. This large voltage is enough
to cause a spark to jump the spark plug gap. The con-
denser 18 provides a temporary path for the current the
instant the breaker points open helping to prevent arcing
of the points as they open, theréby reducing wear of the
breaker points.

The distributor 22 selects which spark plug the spark
potential goes to. The time during which the breaker
points are closed is called dwell. This time should be long
enough to allow a sufficient magnetic field buildup in the
primary coil at high engine speeds. The dwell is adjusted
by setting the proper gap between the points when they
are opened.

Referring to FIG. 3, in the present invention the sec-
ondary coil windings 16 are disconnected from the distrib-
utor 22. Instead the distributor 22 is connected to the out-
put of an external pulse generator 28 consisting of a pulse
control 30, an external pulse generator driver 32, a pri-
mary coil winding 34 and a secondary coil winding 36.
The external pulse generator 28 produces a voltage pulse
which is connected to the distributor 22 in order to fire the
spark plugs.

Another element of the test apparatus of the present
invention is a spark end point detecting means 38 which
is connected in the ground return path of the secondary
coil winding 36 of the external pulser 28. The spark end
point detector 38 includes a current sensor 40 and a zero
current detector 42.

Still another element included in the test apparatus of
FIG. 3 is a means for detecting the opening of the breaker
points 20. The points open detector 44 is connected
across the breaker points 20 and includes a voltage com-
parator 46, a timing circuit 48, and AND circuit 50, a
differentiating circuit 54 and a clipping circuit 56.

What is shown in FIG. 3, therefore, is test apparatus for
an internal combustion engine ignition system wherein
the engine ignition coil is detached from the distributor
and external pulse generator 28 is connected to the dis-
tributor in its place. Spark end detector 38 is connected in
the ground return path of the external pulse generator 28
and points open detector means 44 is connected across
the breaker points of the engine ignition system. A system
clock 65 is provided to establish a time reference for the
occurrence of the output pulse from external pulse gen-
erator 28, the “points open” pulse from detecting means
44 and the “end of spark pulse” from detecting means 38.

The outputs from the aforesaid test apparatus are ap-
plied to and stored in storage means 67. Storage means
67 may be the memory portion of a computer so.that the
data obtained from the test apparatus can be compared
with specifications prestored in storage means 67. If data
relating to the output of the engine ignition coil is desired,
the disconnected end of coil winding 16 may also be con-
nected as an input to storage means 67. A more detailed
explanation of the test apparatus now follows.

POINTS OPEN DETECTING MEANS

The points open detecting means 44 circuit is con-
nected across the breaker points 20 of the ignition system
and, therefore, the input signal to the points open detector
circuit will be the primary circuit voltage waveform as
shown in FIG. 1. Referring to FIG. 1, the time at which
the points open is manifested in the primary voltage wave-
form by an abrupt voltage increase which occurs after the
voltage has been at a relatively low level for a period
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of time (i.e., the dwell zone). Thus, the points open de-
tecting means 44 is designed to produce an indication that
the points ‘have opened when the voltage across the points
has remained below a threshold voltage for a period of
time At and then exceeds for the first time the. voltage
threshold. - - . .

Referring to FIG. 3, the voltage across the breaker
points 20 is applied as an input voltage signal to voltage
comparator 46, a conventional threshold circuit which pro-
vides an output signal on lead 52 when the voltage across
the breaker points is equal to or below the threshold
voltage which has been selected as 3 volts. When the volt-
age across the breaker points is greater than the threshold
voltage of 3 volts, the comparator 46 produces an out-
put signal on lead 54 and no output signal on lead 52.

Lead-54 is connected to a timing circuit 48. A signal on
lead 54 will reset the timing circuit. When the signal on
lead 54 ceases, the timing circuit will commence to count
for a period At selected to be 1.5 milliseconds. During the
counting period of 1.5 milliseconds, there is no eutput sig-
nal on the lead 58 from timing circuit 56. Only at the end
of the counting period of A does an output signal appear
on lead 58. Lead 52 from voltage comparator 46 which
will have an output signal thereon when the voltage across
the breaker points is below 3 volts is connected to an
AND circuit 50 along with lead 58 from timing circuit 56.

AND circuit 50 can be gated only when the voltage
across the breaker points 20 has been below the threshold
level of 3 volts for 1.5 milliseconds which, referring to
FIG. 1, means that AND circuit 50 is gated during later
part of the dwell zone. When the points open, the voltage
across the points exceeds the threshold level and the output
signal on lead 52 ceases and timing circuit 56 is reset
thereby disabling AND circuit 50. Thus, the time at
which AND circuit 50 is disabled is the precise time at
which the breaker points have opened.

The operation of the points open detector circuit 44 can
be better understood by reference to FIG. 1. Presuming
that the points have opened and the voltage waveform is
within the spark zone period, the voltage will be above
the 3 volt threshold level and there will be a signal on
lead 54 and no signal on lead 52. When the voltage goes
below the threshold level, for example, -at the end of
the spark zone, timing circuit 56 will begin to count. How-
ever, before 1.5 milliseconds has elapsed, the voltage has
agam gone above the threshold level and timing circuit
56 is reset. Thus, AND circuit 50 was not gated because,
although there was a signal on lead 52 for a short duration
of time, there was no signal on lead 58 from the timing
circuit. When the points close, the voltage goes below the
threshold level and a signal appears on lead 52. Also, tim-
ing circuit 56 begins to count. At the end of 1.5 milli-
seconds (at a time within the dwell period), the timing
circuit 56 produces an output signal on lead 58 and AND
circuit 50 is gated and produces an output signal on lead
60. When the points open the input voltage to comparator
46 exceeds 3 volts, the signal on lead 52 will cease and
the timing circuit will be reset by a signal on lead 54
because the voltage has exceeded the threshold value and
AND circuit 50 will be disabled. The output signal from
AND circuit 50 on lead 60 is a square wave pulse having
a traxlmg edge which occurs coincident in time with the
opening of the points. The signal on lead 60 is applied to a
differentiating circuit 62 which converts the square wave
output into a positive voltage spike for the leading edge
of the square wave and a negative voltage spike for the
trailing edge of the waveform. The output signal from dif-
ferentiating circuit 62 is applied to a clipping circuit.64
which clips the positive spike voltage leaving the negative
spike pulse produced by the trailing edge of the output
from AND circuit 50 which was caused by the opemng
of the breaker points. The output pulse from chppmg cir-
cuit 64 is therefore representative of the opening of the
breaker points. The output pulse from clipping circuit 64
is applied fo storage means 67 along with the clock pulses
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from clock 65 to establish the relative time the points
open. It should be obvious to one skilled in the art that
voltage comparator 46 is a conventional threshold device
and timing circuit 56 is a conventional counter and that
AND circuit 50 is a well-known logic device and, there-
fore, specific details of the circuits employed in these
devices will not be described.

EXTERNAL PULSE GENERATOR

The external pulse generator 28 consists of the pulse
control means 30, pulse driver 32 and a coil including
primary winding 34 and secondary winding 36. The func-
tion of the external pulse generator is to produce an
idealized ignition pulse such that the secondary voltage
waveform across secondary winding 36 resembles the
waveform of FIG. 2 or any other waveform more suit-
able for analysis.

In its principal mode of operation, the external pulse
generator 28 provides an output voltage waveform from
secondary winding 36 to the distributor 22 to provide a
spark voltage for each of the spark plugs associated with
the eight cylinders of the engine. At the time when the
breaker points open, the external pulse generator 28 is
therefore actuated by the points open signal from the
points open detector 44. In certain test modes, it may
be desired to advance or delay the time of occurrence of
the pulse or to ignite only selected ones of the eight
spark plugs in order that only selected cylinders are oper-
ated. Pulse control means 30, which is connected to the
output of the points open detection means, is provided to
effect these functions.

Referring to FIG. 4, a detailed block diagram of
pulse control means 30 is shown. In FIG. 4, a variable
delay means 68 is connected to the points open signal
from points open detector 44 and also to the output of
timer 70. Timer 70 counts the interval between successive
points open signals and is reset by each points open sig-
nal from detector 44. The variable delay means 68 nor-
mally provides a delay equal to the output of the timer
and therefore equal to the time interval between the
points open signal. Normally, the variable delay means
68 produces an output signal in synchronism with the
occurrence of the points open signal since the output of
the timer is equal to the duration of time between the
points open signals. Normally, the output signal from
the variable delay means 68 is applied through an open
inhibit gate 72 to actuate the pulser driver to cause a
pulse to be generated in synchronism with the points
open signal.

More particularly, the variable delay means 68 includes
digital counting means. At the time of the point open
signal, timer 70 is reset and its contents are loaded into
the counting means of the variable delay means 68 and
the counting means count down in synchronism with the
timer 70. When the value of variable delay counting means
reaches' zero, an output pulse is produced. Thus, in nor-
mal operation, an output pulse is produced from variable
delay means 68 in synchronism with the points open sig-
nal.

Variable delay means 68 may be controlled, how-
ever, by delay control means 74. Delay control means
74 is adjusted to suppress one or more counts in the
counter of variable delay means 68 when a timing re-
tardation is desired or to double one or more counting
pulses in the variable delay means 68 if timing advance
is desired. Delay control means 74 may be a counter con-
trol device which is controlled by an operator or may rep-
resent a control portion of a computer. The output of
variable delay means is coupled through normally open
inhibit gate 72 which provides an input signal to the
pulse driver 32 (FIG. 3).

The points open signal from points open detector 44
is also connected to a cylinder counter 76 which incre-
ments each time the points open and contains a total count
equal to the number of engine cylinders, which in the












