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[57} ABSTRACT

The compression pressure of each of the cylinders in
an internal combustion engine is represented by a
voltage obtained at a tap on the ground cable of the
engine and stored in a respective accumulator by con-
trol outputs from a shift register which successively
activates each of the accumulators to receive the data
associated with the starting current of each cylinder.
The input to the shift register is fed from the output of
a NAND gate having inputs representing the impulses

[52] U.S.Cliiiiiicciiniiccieiicenreeeiies 73/117.2 from all the cylinders, the impulses from a cylinder
[51] ll!t. Cloree e GO01m 15/00 selected as a synchronizing or coordinating cylinder, a
{58] Field of Search ........... 73/116, 117.2; 235/150.2 main control signal, and a signal from the output of
the last accumulator.
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APPARATUS FOR THE DETERMINATION OF
INTERNAL COMBUSTION ENGINE -
COMPRESSION PRESSURE . ..

The invention relates to a process and apparatus for
the determination of the compression pressure-of inter-
nal combustion engines equipped with:a starter. The
embodiment described herein is directed to internal
combustion engines for motor vehicles, but the inven-
tion can be also used in the case of stationary engines.
Under some uncontrolled conditions only a qualitative_
determination of the compression pressure will be’
possible; if, however, the measurement is taken at a
given engine temperature, then it is possible to obtain
reproducible values and a quantitative measurement is
possible.

The process according to the invention, which per-
mits the ‘determination of the compression . pressure
without removing the spark plug, is characterized in
that the strength of the starting current, or a value re-
lated to it, is utilized as a measure of the compression
pressure by storing such values for each cylinder of the
engine. The invention is based on the realization that,
since the torque produced by the starter is a function of
the starting current and proportional to the compres-
sion pressure, there also exists an unequivocal relation-
ship between the starting current and the compression
pressure in each of the combustion chambers.

The timing or synchronizing control for the storage
of the data may be obtained from the starting impulses
of the engine. This will be explained in detail in the fol-
lowing description of an embodiment for performing
the process according to the invention.

In a preferred embodiment, the strength of the start-
ing current is determined as the voltage drop on a
ground line of the starting voltage source. This ground
connection may comprise a relatively low ohmic re-
sistance; however, it is also possible to utilize the re-
sistance of the ground connection itself, which usually
is made of copper mesh or some other good conductive
material as normally found in motor vehicles.

The timing or synchronization control of the data
storage comprises signals corresponding to the starting
impulses of all cylinders of the engine which impulses
are fed to the input of a gate circuit. Impulses cor-
responding to a selected cylinder are also fed to
another input of the gate circuit so that the gate circuit
generates control signals to successively feed data from
each cylinder only when the impulse and data of a
given cylinder are simuitaneously present at the gate in-
put. Coordinating signals are therefore obtained in a
particularly simple manner, which signals will serve to
assure an unequivocal coordination between the in-
dividual stored values on the one hand and the per:
tinent cylinders on the other hand. As a rule, the first
cylinder of an engine is used to provide the coordinat-
ing signals. At least the signals corresponding to the
starting impulses of the coordinating cylinder are taken
from its ignition cable by means of a capacitive or in-
ductive transmitter known per se. Otherwise the start-
ing impulses of each cylinder can be obtained from the
electric installation of the engine, such as the distribu-
tor, for example.

Specifically, the gate circuit contains a NAND gate,
to the input of which signals of a predetermined dura-
tion are released by the starting impulses of the coor-
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dinating cylinder. The output of the NAND gate con-
trols a shift register. The NAND gate will have a signal
output only when there are signals present simultane-
ously at-all its inputs. It must be opened for such a
length of time equivalent to an'éntire operating cycle of
the engine to enable data from all the cylinders to be
passed to storage. This may be effected by an ap-
propriate feedback signal from the data storage accu-

-mulator to the input of the gate. A holding circuit, trig-

gered by the signals corresponding to the starting im-
pulses of the coordinating cylinder, is connected in se-
ries with the input of the NAND gate to control that
gate to provide quantitative compression data for a
complete starting cycle of the engine cylinders. This
holding circuit may simply consist of a mono-stable
sweep stage with synchronized timing. A reliabie level
of the compression pressure, and thus a reliable mea-
surement of the characteristics and the operational
state of the engine, can be obtained only after an initial
delay period during which the engine is cranked.
Therefore, it may be practical to provide a delay circuit
which will make possible the release of the storing at-
rangement only after a sufficient delay required for the
stabilization of the engine compression pressures to sta-
bilize. :

The storage device contains one accumulator for
each engine cylinder and each accumulator input
receives the ignition current, or a value related to it, for
example, the voltage drop at the ground line. Each ac-
cumulator is-controlled by the output of a shift register;
the input of the shift register is connected to the output
of the NAND gate circuit. The shift register, in
response to the arrival of the control signals trans-
mitted by the gate circuit, will open the individual ac-
cumulators at the required time in. the cycle for the
storage of the signals from each cylinder.

The aforedescribed embodiment may be modified to
provide a connection between the control input of the
accumulator triggered last in the cycle and an input of
the NAND gate circuit to obtain a signal for closing the
NAND gate circuit. This assures that only compression
pressures are stored in the accumulators which occur in
one operating cycle of the engine.

It is a primary object of the invention to provide both
an improved method and an apparatus for determining
the compression of the individual cylinders in an inter-
nal combustion engine.

Another object of the invention is to provide an im-
proved method and apparatus for measuring the com-
pression of an internal combustion engine without
removing the spark plugs from the cylinders thereof.

It is yet a further object of the invention to provide
both-an improved method and apparatus for determin-
ing compression of an internal combustion engine
which is simple and yet provides reproducible results so
that quantitative measurements may be obtained.

Both the method and apparatus will be readily un-
derstood in view of the following description taken in
conjunction with the FIGURE which illustrates the
necessary circuitry for carrying out the invention.

With reference to the FIGURE, signals correspond-
ing to the starting impulses from all of the cylinders of
the engine appear at terminal 17 and these signals are’
fed to input 20 of NAND gate 1 via low pass filter 18,
which suppresses spurious signals, and impulse former
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19 which generates a spiked pulse at its output. Input
21 receives impulse signals from. the coordinating
cylinder which are similarly filtered by filter 23 and the
impulse is shaped by shaping circuit 24. Terminal 22
may be connected by means of an inductive or capaci-
tive pick-up to the ignition cable of the coordinating
cylinder, for example, the first cylinder of the engine. A
main control signal, such as a start signal, is provided to
input 27 of NAND gate 1. The NAND gate also
receives a signal fed back from accumulator §. Delay
circuit’ 28 delays the initiation of the operation of
NAND gate 1 for a period of time to enable the engine
compression pressures to stabilize, for example, a delay
of 4 seconds may be sufficient depending upon the type
of engine and other variables: The successive outputs
of NAND gate 1, which occur only when all of the
input signals are present, are fed to shift register 6
which provides sequential control signals at terminals
13, 14, 15 and 16 to control the operation of accumula-
tors 2,3, 4 and 5, respectively. Terminal 8 is tapped to
the ground of the battery or ignition source and picks
up the voltage produced by the starting impulse of each
cylinder of the :engine. The voltage drops of all the
cylinders are successively fed to the inputs of accumu-
lators 2, 3, 4 and S through amplifier 7. The contents of
accumulators 2, 3,4 and 5 appear at output terminals
9,10, 11 and 12, respectively, so that they are available
to be used for whatever purposes desired.

The apparatus described above represents an assem-
blage of known circuit elements which are combined in
a very simiple manner so as to record the compression
pressure of each of the cylinders of an internal com-
bustion engine. It is understood that although the above
description is taken in conjunction with the measure-
ment of the compression pressure of a four-cylinder en-
gine, more accumulators could be added to measure
the compression: with a greater number of cylinders
than four. It is also understood that means are known in
the art to prevent ignition-of the engine cylinders dur-
ing the compression measurements.

W hat is claimed is:

1. Apparatus for the determination of the compres-
sion pressure in the cylinders of an internal combustion
engine equipped with a starter and voltage source, said
apparatus having means for generating electrical
signals representative of the starting current of said en-
gine, and means for generating coordination. signals
from at least one of said cylinders, the improvement
comprising: :

means for storing said electrical signals,

means for gating said electrical signals to said means

‘for storing; said means for gating including-means
for delaying the gating of said electrical signals;
said means for gating including a first input for
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receiving said electrical signals, and a second input
for receiving said coordination signals, whereby
said electrical signals are transferred to said means
for storing only when said means for gating has
received said coordination signals and said electri-

cal signals.
2. Apparatus as in claim 1 wherein said electrical
signals are the voltage drops in the ground line of said
voltage source respectively generated by the starting

current of each of said cylinders. | . L
. Apparatus as in claim 1 wherein said coordination

signals are generated from an electrical connection to
the first cylinder of said engine.

4. Apparatus as in claim 1 wherein said coordination
signals are generated by an inductive or capacitative
pick-up from the ignition cable of at least one of said
cylinders.

5. Apparatus as in claim 1 wherein said means for
gating further.includes a NAND gate for generating
control signals for controlling the transfer of said elec-
trical signals to said means for storing, and said means
for delaying is responsive to at least one of said coor-
dination signals to provide an input to said NAND gate.

6. Apparatus as in claim § wherein said means for
delaying includes a holding circuit triggered by said
coordination signals for providing an input signal to
said second input.

7. Apparatus as in claim 1 wherein said means for
delaying provides a delay substantially equal to a time
period required for the stabilization of the compression
pressures of said cylinders. '

8. Apparatus as in claim 1 wherein said means for
storing includes a storage device for storing the electri-
cal signal for each cylinder of said engine, said electri-
cal signals are fed to said storage devices, each of said
storage devices including a control input, said means
for gating further including a shift register responsive to
said means for gating for generating a control signal for
each of said storage devices during one complete start-
ing cycle of said cylinders, whereby an electrical signal
representative of the starting current of each of said
cylinders is successively fed to a respective one of each
of said storage devices.

9. Apparatus as in claim 8 further comprising an
electrical connection between that storage device last
controlled in said one complete starting cycle and said
means for gating, and the control signal to said last con-
trolled storage device generates therefrom a feedback
signal via said .electrical connection to block said
means for gating.

10. Apparatus as in claim ‘1 further comprising first

_and second low pass filters for respectively filtering said

electrical signals and said coordination signals.
* * * * *



