SURFACE VEHICLE J2796™ APR2023
wrernationa. | INFORMATION REPORT Issued 2007-02

Revised 2018-07
Reaffirmed 2023-04

Superseding J2796 JUL2018

(R) Power Cylinder Oil Consumption: Methods of Measurements

RATIONALE

The oil consumption is an important performance metric for an internal combustion engine. Since it is considered to be
important, it can only be improved if it can be measured. This is the function of this document to describe the various
methods used to measure oil consumption. It does not highlight the best method for measuring oil consumption, but only
describes the various methods which can be utilized depending on the accuracy required and capability of the engine
development organization.
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1. SCOPE

This document describes the major techniques for measuring oil consumption. It does not cover all the sub-variations that
might be used to make this measurement.

1.1 Purpose

The oil consumption of an internal combustion engine is a significant performance attribute. The loss of engine oil through
the combustion chamber is critical because it impacts the emissions signature of the engine and potentially poisons any
exhaust gas after treatment devices. Also, the level of oil consumption is an important quality perception to the customer.
The engine should not have to require any additional oil between oil changes. While developing new engines or solving oil
consumption problems on existing engines, it is important to be able to measure the oil consumption of an engine and have
confidence in that measurement. It should be noted that oil consumption can be derived from a number of contributing
engine systems. The salient areas are: power cylinder system (piston, rings, cylinder bore), valve guides (intake and
exhaust), turbocharger bearing seals and crankcase ventilation system, oil leaks, etc. Most oil consumption methods can
not differentiate between the contributors. There are methods to determine and quantify the contribution that is made by the
different engine systems, but their description is beyond the scope and purpose of this document. The purpose of this
document is to review the different measurement methods, and outline their fundamental operating principles, their
advantages, and their disadvantages. There is no attempt to identify the best measurement method because the best
method will depend on the situation, the objectives, and on the capabilities of the organization.

2. REFERENCES

There are no referenced publications specified herein.

3. DEFINITIONS

There are no unique definitions.

4. BASIC METHODS OF MEASUREMENT

Oil consumption measurement methods can be divided into four major categories. All of the current measurement methods
can be listed under each of these categories. Each category is summarized in this section and then the details of each
method will be developed in subsequent sections.

4.1 Oil Lost Methods

With this technique, the amount of oil is recorded at the beginning of the test. At defined measurement times, the amount
of oil lost is determined and recorded as the oil that was consumed.

Oil lost methods include:

e Dipstick method

e Weep hole method

e Drain and weigh method

e Calibrated loss method
4.2 Constant Level Methods

In these methods, the system is set up to maintain a constant ail level in the oil pan during engine operation. The oil rate
addition to the engine to maintain a constant oil level is a measurement of the oil consumption.
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Constant level methods include:

e Common level systems

e Direct level systems

e QOil pump system

4.3 QOil Tracer Methods

Oil tracer techniques utilize tracer elements in the oil that can be measured in the exhaust when the oil is consumed.
Oil tracer methods include:

e Radiometric tracing

e Elemental tracing

e Emissions measurements

4.4  Indirect Measurement Methods

Indirect methods for measuring oil consumption include:

e Emissions are often a primary concern which drives the need for low oil consumption. Therefore, oil control can be
evaluated indirectly through emissions measurements.

e Plugging of the exhaust filters can also be an indication of how much oil the engine is consuming.

e Poisoning of the catalyst is also affected by the oil consumed.

5. OIL LOST MEASUREMENT METHODS

5.1 Dipstick Method or Level-Top-Up-Method

This is the simplest method of all, but probably the least accurate. This method consists of filling the engine with oil to a
specified level on the dipstick. The engine is run, during which time oil is consumed. The engine is shut down and allowed
to drain back while the engine cools. It is important to specify and control the drain back within the engine cool down period.
The level is again measured with the dipstick. A measured amount of oil is added to bring the oil level back up to the initial
level. When adding the oil, the oil should be added in small increments to avoid gross overfilling. The amount of oil added
is considered to be the amount of oil consumed.

5.1.1 Notes

e Before establishing the initial oil level for this type of test, the engine should be run first to fill the filters and passages
with oil. Otherwise there will be a false first oil consumption measurement reading.

e Internal drain back of oil within the engine to the sump can significantly affect this measurement. Drain back time and
position of the engine crank may affect this.

e The installation angle of the engine may affect how the oil drains within the engine.
e Oil level measurements should be made at consistent oil sump temperatures.

e A calibrated dipstick with inscribed marks can help improve accuracy of this method.
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5.1.2 Advantages
e The dipstick method is very simple.
e No extra equipment is needed to measure oil consumption.

e This type of measurement can be made on field test engines. However, to get accurate data, a precise and consistent
oil fill procedure must be followed.

e Average oil consumption can be measured over the duration of cyclic or steady state running conditions.
5.1.3 Disadvantages

e The dipstick method takes a long test time to get acceptable results. The accuracy will be improved with longer test
duration and multiple measurements.

e The results are neither very accurate nor repeatable. They depend on how well the oil level can be determined on the
dipstick and the accuracy in adding oil.

¢ Inconsistent drain back of oil in the engine can cause erroneous results.
¢ Inconsistent oil sump temperatures may result in errors.

¢ OQilleaks from the engine will be measured as oil consumption unless external leakage is quantified and subtracted from
gross consumption.

e The system is very operator dependent. Inconsistent oil level readings on the dipstick will give inaccurate results.

e Fuel or coolant dilution in the oil will influence the measured level of oil consumption.

e Extended duration of operation required to get a reading makes it difficult to study break-in effects.

e Oil consumption cannot be measured as a function of transient engine operation.

e There is no ability to isolate the source of oil consumption.

5.2 Weep Hole Method

The weep hole method for measuring oil consumption is very simple in concept, but offers the potential to be a little more
accurate than the dipstick method. A hole is drilled into the oil pan at a specified level in the oil pan. This should correspond
to some location between the high and low marks on the dipstick. The weep hole is opened, and oil is added until it starts
to leak out of the weep hole. The hole is then closed. The engine is now ready for testing. From this point on, any oil that is
added must be measured and recorded. Run the engine on the oil consumption duty cycle or some other appropriate engine
operating condition.

At the end of test, the engine needs to cool down and allow all of the oil to drain back into the pan. Remove the weep hole
plug. Add oil until oil starts to come out the weep hole. The oil should be added in small increments to avoid gross overfilling.

Measure the amount of oil added at the end of test. The oil consumed is the amount of oil added during the test and the
amount of oil added at the end of test.
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5.2.1 Notes

Before establishing the initial oil level for this type of test, the engine should be run first to fill the filters and passages
with oil. Otherwise there will be a false first oil consumption measurement reading.

Internal drain back of oil within the engine to the sump can significantly affect this measurement. Drain back time and
position of the engine crank may affect this.

Drain time from the engine can also affect this measurement.

The installation angle of the engine in a test call or the vehicle attitude while parked for a measurement may affect how
the oil drains within the engine.

Oil measurements should be made at consistent oil sump temperatures.

5.2.2 Advantages

The system is very simple.

The method of determining the oil level is more accurate than the dipstick method.

The results should be more accurate than the dipstick method.

This is not as operator dependent as the dipstick method. However, it is still affected by drain back and temperature.
5.2.3 Disadvantages

e The system takes a long test time to get accurate results. The accuracy will be improved with longer test duration.
However, the time duration may be less that the time required by the dipstick method.

¢ Inconsistent drain back of oil in the engine can cause erroneous results.
¢ Inconsistent oil sump temperatures may result in errors.

o Qil leaks from the engine will be measured as oil consumption, unless external leakage is quantified and subtracted
from gross consumption.

e Fuel or coolant dilution in the oil will influence the measured level of oil consumption.

e Extended duration of operation required to get a reading makes it difficult to study break-in effects.

e There is no ability to isolate the source of oil consumption.

5.3 Drain and Weigh System

The drain and weigh system has been used as a relatively simple system to determine oil consumption. The engine is filled
with a predetermined amount of oil. The engine is run a short period of time, then the oil is drained from the engine and
weighed. After weighing, it is put back in the engine and the engine is run at the selected desired condition to evaluate oil

consumption. Any oil added during the test is recorded. At the end of the test, the oil is drained from the engine and weighed
again. The difference in oil weight before and after test, plus the amount of oil added, is the amount of oil consumed.
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