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1
OIL CONDITION TREND ALGORITHM

TECHNICAL FIELD

The present invention relates to engine oil condition, and
more particularly to an algorithm for producing an oil
condition trend by which the necessity of an oil change may
be determined.

BACKGROUND OF THE INVENTION

An engine oil’s usable life may vary considerably,
depending on many factors, such as oil quality, engine type
and condition, ambient conditions, and vehicle service
schedule. Currently, automobile manufacturers recommend
oil change intervals for gasoline engine powered cars and
light-duty trucks of either 3 months/3000 miles or 12
months/7500 miles, depending primarily on the vehicle
driving cycle and ambient conditions. The use of the proper
quality (i.e., SG/CD) engine oil is assumed in recommend-
ing these intervals. Several problems exist with the current
method of specifying oil change intervals:

(1) The vehicle’s Owner’s Manual may not be read.

(2) Most drivers do not fit neatly into either of the two
discrete intervals recommended. Many drivers should
probably change oil somewhere between 3months/
3000 miles and 12 months/7500 miles.

(3) Most drivers do not keep track of dates of oil changes.

(4) Most drivers do not keep track of mileage between oil
changes.

A variety of oil condition sensor systems are known
whose output voltage is related to oil conductivity. Systems,
utilizing such oil condition sensors, employ computer algo-
rithms to decide when an oil change is necessitated, assum-
ing “normal” engine function and the proper quality and
amount of oil in the reservoir. These systems calculate
effective oil life by developing an oil condition trend (OCT),
based on oil temperature and conductivity verses miles
driven or engine-on time, from which an oil change trigger
point is determined. The conventional method for develop-
ing an oil condition trend specifies that the average of all
conductivity points between a fixed temperature range (i.c.
80° C. £1° C.), when the engine oil is heated up, should be
part of the OCT. There are three issues or risks associated
with this methodology:

(1) OCT points are calculated during engine operation.
Due to the oil condition sensor’s inherent thermal lag,
varying engine operating conditions can cause signifi-
cant errors in the OCT due to sudden temperature
variations while the engine is running. These false
points create unwanted fluctuation or noise in the OCT,
thus reducing the accuracy of the change oil trigger
points.

(2) In some applications, OCT points are measured only
at a specified temperature. If the engine’s operating
conditions are not meeting this particular temperature
frequently enough, the accuracy of the OCT suffers or
a condition without any OCT at all could occur as a
WOrst case.

(3) The times between the OCT points can vary signifi-
cantly.

FIG. 1 depicts the conventional methodology of generat-
ing a typical engine heat-up (engine-on) OCT for a tem-
perature point of 80° C. of a vehicle engine filled with the
proper amount of Sunoco 5W-30 oil. The axis 10 represents
accumulated engine-on time (in hours) under “normal”
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driving conditions whereas the axis 12 represents an oil
conductivity signal (OCS) (ie. an oil condition sensor
output (in volts)). The first OCT point 14 is defined at an
OCS when engine oil temperature reaches 80° C. while the
engine is running (i.e. on). Subsequent OCT points 16 are
defined in a similar manner before which engine oil tem-
perature has cooled below 80° C. during engine-off periods
(cool down cycles). As can be seen in FIG. 1, the OCT is not
time normalized, whereby the time between OCT points can
vary significantly, and there are, also, a number of false
points (i.e., noise) which can lead to a substantial error in the
OCT profile.

Accordingly, what is needed is a more robust method of
generating an OCT wherein the previously mentioned issues
are addressed.

SUMMARY OF THE INVENTION

The present invention is an algorithm by which a time
normalized OCT is developed without the shortcomings of
the conventional method. During engine off periods, while
the engine is cooling, the vehicle’s main computer program
implements the trend algorithm according to the present
invention by which engine oil conductivity (oil sensor
output voltage) and temperature data are obtained in a
specified temperature range (i.e. 80° C. to 50° C.).

The acquisition of these data while the engine is cooling
eliminates the false points of the conventional method. This
requires that the oil condition sensor distinguish between
engine-on and engine-off conditions. It then needs to be able
to take measurements after the ignition is turned off. This
requires a power connection independent from the ignition
switch (battery power). The sensor could then be powered
for a certain time after the ignition is off, for example, two
hours, to take continuous measurements of oil conductivity
data over oil temperature. To save battery power, the sensor
could also be switched on and off at certain intervals to take
a sufficient number of readings. This condition could be
called “sleep mode” in which the sensor “wakes up” at
certain time intervals to take readings. The means to accom-
plish the above is well known in the art.

These acquired data are then input into a second order
polynomial equation (the cool down equation) to determine
its coefficients using nonlinear regression (i.e. least squares
fit). This cool down equation models oil conductivity as a
function of temperature and is used at a specified time during
an engine-on period to calculate an OCT point. Data from
subsequent proper engine-off periods generate different val-
ues for the coefficients, since oil conductivity changes with
time and use, thereby resulting in different values for the
coefficients of each calculated OCT point during subsequent
engine-on periods. Collectively, these OCT points determine
the oil condition trend that is analyzed by a procedure called
from the vehicle’s main computer program to determine
when an oil change is necessary.

An example of an oil sensor system is described in U.S.
Pat. No. 5,274,335, issued on Dec. 28, 1993 to Wang et al,
the disclosure of which is hereby incorporated herein by
reference.

Accordingly, it is an object of the present invention to
develop a time normalized OCT without the shortcomings of
the conventional method to determine when an oil change is
necessary.

This, and additional objects, advantages, features, and
benefits of the present invention will become apparent from
the following specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a conventional oil condition trend accord-
ing to the prior art.
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FIG. 2 depicts a typical cool down profile used to generate
a cool down equation according to the present invention.

FIG. 3 depicts an example of a normalized OCT accord-
ing to the present invention.

FIG. 4 is a flow diagram for implementing the trend
algorithm according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIGS. 2 through 4, FIG. 2 depicts a cool
down profile 20 used to generate a cool down equation
according to the present invention wherein oil condition
sensor (OCS) output voltage is plotted verses engine oil
temperature within a temperature range of, preferably, 80°
C. to 50° C.

The temperature range is divided into, preferably, twelve
zones 22—44 wherein data points 46 are obtained. Preferably,
one data point 46 per zone from each zone 22—44 is used to
determine the coefficients a, b, and ¢ of a cool down
equation:

V=aT?+bT+c

utilizing nonlinear regression techniques (i.e. least squares
fit), wherein V represents the OCS output voltage at a
specified engine oil temperature T in degrees Celsius, pref-
erably 70 degrees Celsius. The cool down equation is
represented by smooth line 50 of FIG. 2. If this cool down
equation satisfies specified time constraints (i.e. it is young
enough), it is used at a specified time during an engine-on
period to calculate an OCT point, (i.e. 60 of FIG. 3). Any
missing OCT points are interpolated between the just cal-
culated OCT point and the previous OCT point calculated
utilizing the previous valid cool down equation, wherein the
temperature T has a set value of, preferably, 70 degrees
Celsius in each cool down equation. Missing OCT points are
OCT points which can not be calculated at the specified time
at which an OCT point is to be calculated during an
engine-on period because there is no valid cool down
equation. Such OCT points are declared as missing and
accommodated as described above. Data points, such as 46
of FIG. 2, from subsequent valid engine-off periods generate
different values for the coefficients a, b, and ¢, since oil
conductivity changes with time and use. Thus each new cool
down equation generated results in a different calculated
value for an OCT point, such as 62 of FIG. 3, at specified
times during subsequent engine-on periods, wherein the
temperature T has a set value of, preferably, 70 degrees
Celsius for each calculated OCT point. Collectively, these
OCT points, such as 60 and 62 of FIG. 3, determine a
normalized oil condition trend (OCT) 64, as exemplified by
FIG. 3, that is analyzed by the main computer program to
determine when an oil change is necessary

FIG. 4 is a flow diagram 100 exemplifying implementa-
tion of the trend algorithm according to the present invention
by which the OCT 64 of FIG. 3 is generated. At block 110,
the vehicle’s main computer program calls the algorithmic
procedure. At block 120, the algorithm is initiated. Block
130 checks if the engine is running.

If the engine is running at block 130, control passes to
block 210. Block 210 checks if the oil has been changed. If
no, then control passes to block 230. Otherwise, at block
220, the OCT is cleared, the time counters and the cool down
equation are reset, and the initialization mode is set to true.
Control then passes to block 230. The time counters are
updated at block 230 and control is passed to block 200.

If the engine is not running, oil condition sensor status is
written to microprocessor memory at block 140 and data
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collection during cool down is initiated at block 150. Block
160 checks if a complete cool down has occurred. If not,
control is transferred to block 200. Otherwise a new cool
down equation is generated at block 170, as previously
described. Block 180 checks if the initialization mode is
true. If not, control is passed to block 200. Otherwise, the
time counter is modified and the initialization mode is set to
false at block 190. Control then passes to block 200.

It is to be noted that a new engine must contain the proper
quantity and quality of oil before it can be run. Hence, a
complete cool down cannot occur at block 160 until the
engine has been turned on for the first time. In the case
where a new engine contains the proper quantity and quality
of oil but has not been turned on for the first time, control
will pass from block 160 to block 200 then to either block
240 or to blocks 250, 260, and 240. In either case, when the
engine is turned on for the first time, control will pass from
block 130 to block 210 to block 220 whereat the OCT is
cleared, the time counters and the cool down equation are
reset, and the initialization mode is set to true.

Block 200 checks if it is time for a new OCT point. If not,
control passes back to the vehicle’s main computer program
at block 240. Otherwise, block 250 checks for a valid cool
down equation. If there is not a valid cool down equation,
the new required OCT point is declared as missing at block
260 and control then passes back to the vehicle’s main
computer program at block 240. Otherwise, if there is a valid
cool down equation, a new OCT point is calculated from the
cool down equation at block 270 as previously described.
Block 280 checks for missing OCT points. If there are no
missing OCT points, control passes to block 300. Otherwise,
the missing OCT points are interpolated between the last two
calculated OCT points at block 290. The OCT is updated and
stored in memory at block 300. At block 310 the “Set
Analyzed OCTrend” flag is set for use by the vehicle’s main
computer program in determining when an oil change is
necessary and control then passes back to the vehicle’s main
computer program at block 240.

The continuous repetition of the above process, by which
only one OCT point is calculated or declared missing at
specified times during each engine-on period, generates the
OCT points, such as 60 and 62 of FIG. 3, by which the OCT
64 is generated. The vehicle’s main computer program
analyzes the OCT 64 to determine when an oil change is
necessary. The OCT 64 of FIG. 3 was generated from actual
data and contains many interpolated points due to missing
OCT points, as previously described. However, the general
shape of the curve does not change.

To those skilled in the art to which this invention
appertains, the above described preferred embodiment may
be subject to change or modification. Such change or modi-
fication can be carried out without departing from the scope
of the invention, which is intended to be limited only by the
scope of the appended claim

What is claimed is:

1. A method for providing an oil condition trend for use
in conjunction with an oil condition sensor voltage output,
said method comprising the steps of:

operating an internal combustion engine, wherein the

engine heats;

stopping operation of the engine, wherein the engine

cools;

generating a cool down equation during a predetermined

range of cooling of the engine;

operating the internal combustion engine; and

calculating an oil condition trend point from the generated

cool down equation.
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2. The method of claim 1, wherein the cool down equation
of said step of generating is given by V=aT?+bT+c, wherein
V is a voltage output of the oil condition sensor, wherein T
is a plurality of temperatures selected over said range of
cooling, and wherein a, b and ¢ are constants.

3. The method of claim 2, wherein said step of generating
provides the values of the constants a, b and ¢ by conven-
tional nonlinear regression techniques.

4. The method of claim 3, wherein said step of calculating
comprises calculating a voltage, V', wherein V'=aT"+bT'+c
at a predetermined time of operation of said internal com-
bustion engine, and wherein T'is a predetermined tempera-
ture.

5. The method of claim 4, further comprising, before said
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6. The method of claim 5, wherein after said step of
determining, declaring a missing oil condition trend point if
said step of generating has not generated the cool down
equation within the predetermined prior length of time.

7. The method of claim 6, further comprising interpolat-
ing each missing oil trend point using calculated oil trend
points before and after each missing oil trend point, respec-
tively.

8. The method of claim 7, wherein during said step of
generating, the predetermined range of cooling comprises
substantially between 80 degrees Centigrade and 50 degrees
Centigrade.

9. The method of claim 8, wherein the predetermined

step of calculating, determining whether said step of gen- 15 temperature T'is substantially 70 degrees Centigrade.

erating has generated the cool down equation within a
predetermined prior length of time.
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