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FIGURE 6 - EXAMP
CONS

1. SCOPE

This document desc
might be used to ma

1.1 Purpose

fibes the major techniques for measuring oil consumption. It doeshot cover all th
ke this measurement.

The oil consumptio

of an internal combustion engine is a significant performance attribute. Th

through the combugtion chamber is critical because it impacts the :emissions signature of the en
poisons any exhaus} gas after treatment devices. Also the level of<oil consumption is an important
the customer. The gngine should not have to require any add oil between oil changes. While develo
solving oil consumption problems on existing engines, it is important to be able to measure the oi
engine and have confidence in that measurement. The purpose of this document is to review the different measurement
methods, outlining their fundamental operating principles,their advantages, and their disadvantages.

to identify the best
capabilities of the or

2. REFERENCES
There are no referen
3. DEFINITIONS

There are no unique

4. BASIC METHOI

easurement method because the-best method will depend on the situation, th
janization.

Ced publications specified herein.

definitions:

DS OFMEASUREMENT

e sub variations that

e loss of engine oil
gine and potentially
quality perception to
ping new engines or

consumption of an

There is no attempt
b objectives, and on

Oil consumption me

actramant manthaode ~on ha Anadad inta o fona, maaiar anta~aring Al of tha o
T et ToO—o—T¢C o7 O tric

urrent measurement

TIUTCTITIC oS- ol T Orvigo o1t WO catcgoTT T

methods can be listed under each of these categories.

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 determin

ed and recorded as the oil consumed.

Oil lost methods include:

Dip Stick Method

Drain and Weigh

Weep Hole Method

Method

Calibrated Loss Method
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4.2 Constant Level Methods

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

Constant level methods include:
e Common Level Systems
o Direct Level Systems

e Oil Pump System

4.3 Oil Tracer Methods

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

e Radiometric tracing
e Elemental tracing
¢ Emissions measyrements

4.4 Indirect Measyrement Methods

Indirect methods for[measuring oil consumption include:

e Emissions are offen a primary concern which drives the negd for low oil consumption. Therefore, oil control can be
evaluated indirecfly through emissions measurements.

¢ Plugging of the exhaust filters can also be an indication.@f how much oil the engine is consuming.
e Poisoning of the ¢atalyst is also affected by the oil consumed.

5. OIL LOST MEASUREMENT METHODS

5.1 Dip Stick Method or Level-Top-Up-Method
This is the simplest method of all, but_probably the least accurate. This method consists of filling th¢ 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 cool. It igimportant to.specify and control the cool down period. The level is again measufed with the dipstick.
A measured amounf of oil is added to bring the oil level back up to the initial level. The amount of oil[added is considered
to be the amount of pil consumed.

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.

¢ Qil level measurements should be made at consistent oil sump temperatures.

¢ A calibrated dipstick with inscribed marks can help improve accuracy of this method.

Advantages

e The dip stick method is very simple.

¢ No extra equipment is needed to measure oil consumption.

o 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.
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Disadvantages

duration and multiple measurements.

dipstick and the accuracy in adding oil.

from gross consu

Inconsistent drain back of oil in the engine can cause erroneous results.
Inconsistent oil sump temperatures may result in errors.
Oil leaks from the engine will be measured as oil consumption unless external leakage is quantified and subtracted

mption.

The system is very operator dependent.

The dip stick method takes a long test time to get acceptable results. The accuracy will be improved with longer test

The results are not very accurate nor repeatable. They depend on how well the oil level can be determined on the

Fuel or coolant di
Extended duratio

ution i the oit wittnftuence the measuredtevet of oit consumption:
h of operation required to get a reading makes it difficult to study break-in effects:

5.2 Weep Hole M¢thod

The weep hole meth
accurate than the di
oil pan at a specified
dip stick. The hole i
to leak out of the wx
during the test is re

od for measuring oil consumption is very simple in concept but offers the potent
p stick method. However, it uses the same principle as the dip_stick method. A h

5 opened and oil is added until it starts to leak out of the weep hole. All of the ex
pep hole. The hole is again closed. The engine is runlat the desired condition
forded. At the end of the test, oil is added so that the oil level in the pan slight

hole level. The am@unt of oil added is recorded. The weep hole is apened and all of the oil that le

measured, and recd
added at the end of

Notes

e Before establishi

rded. The oil consumption is the sum of the oil*added during the test plus the
he test minus the amount of oil that leaks out of the hole at the end of the test.”

g the initial oil level for this type of test, the engine should be run first to fill the

with oil. Otherwige there will be a false first oil consumption measurement reading.

Internal drain bagk of oil within the engine to the'sump can significantly affect this measurement.

position of the enfgine crank may affect this.

Drain time from t
The installation a
Oil measurement

Advantages

The system is ve
The method of dg
The results shoul

e engine can also affect.this measurement.
hgle of the engine may affect how the oil drains within the engine.
5 should be made_at ¢onsistent oil sump temperatures.

[y simplée:
termining the oil level is more accurate than the dipstick method.

al to be a little more
ole is drilled into the

level in the oil pan. This should correspond to some location-between the high gnd low marks on the

tessive oil is allowed
s and any oil added
y exceeds the weep
aks out is captured,
difference of the oil

filters and passages

Drain back time and

This is not as opé€

Disadvantages

H beimore accurate than the dipstick method.

However the time duration may be less that the time required by the dip stick method.

from gross consu
Fuel or coolant di

Inconsistent drain back of oil in the engine can cause erroneous results.
Inconsistent oil sump temperatures may result in errors.
Oil leaks from the engine will be measured as oil consumption unless external leakage is quantified and subtracted

mption.
lution in the oil will influence the measured level of oil consumption.

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

nd temperature.

The system takes a long test time to get accurate results. The accuracy will be improved with longer test duration.


https://saenorm.com/api/?name=4b0b5d61de72239a882b894f613e6de1

SAE

J2796 Issued FEB2007

5.3

Drain and Weigh System

The drain and weigh system has been used as a relatively simple system to determine oil consumption. A known amount
of oil is added to the engine, and the engine is run for a specified length of time. The oil in the engine must be drained
precisely and consistently from the engine and weighed. The difference in oil weight before and after test is the amount

of oil consumed.
Notes

with oil. Otherwise there will be a false first oil consumption measurement reading.

Internal drain bag

kof oillwithin tha anainato-tha ciimn can cianificanthy affact thic maqciiramant
KOS witrh - CrgmetoOtre-—Sup-tartorigrimoartry e ctrtrsrHeasurermert

Before establishing the initial oil weight for this type of test, the engine should be run first to fill the filters and passages

Drain back time and

position of the en
Drain temperatur
If multiple measu
The installation 3
engine.

Advantages

e The systemis ve

Disadvantages

The system takes
The results are d
Oil leaks from the
This method is sy
Fuel or coolant di
Extended duratio

Some of the disadv3
system can be desig
plug or the dipstick.
might increase the 4
spillage is less. It

variability.

hine crank may affect this.

e and time when removing the oil from the engine can affect the measurement:
rements are made, be very careful not to spill the oil.

ngle of the engine may affect how the oil drains within the engine and as it i

y simple and inexpensive.

a long test time to get accurate results.

bpendent on how consistently the oil drains:ftom the engine.

engine will be measured as oil consumption.

sceptible to the operator spilling oil which will give erroneous measurements.
ution in the oil will influence the measured level of oil consumption.

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

ntages described above are being eliminated by automatic drain and weigh systg
ned to pump the oil from the oil sump into a measurement tank. This can be dg
This will reduce the<ime for the “drain”. Also, the full sump does not need to b
ccuracy of the measurement. By having a hard wired pump to the engine, the
might be possible_to do this during engine operation which might minimize the

5 drained out of the

ms. For example, a
ne from the oil drain
e pumped out which
chances of operator

internal drain back
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Oil dip stick

Dr

5.4 Calibrated Log

The amount of oil lo
oil level is recorded
consumption, the ar
capacitance sensor
level such as pressu

in Plug

s Measurement

Measur
tank

ing Refilling
tank

Puma CDH - Task

Communicating

m\ Vessel

Engine

Equalization

FIGURE 1 - EXAMPLE OF AN AUTOMATED DRAIN AND WEIGH SYSTEM

Hybrid-Interface or
Serialinterface via

RE232

Direct
m\ Measurem;

Engine

5t can be calibrated to the oil level in the @il pan. Therefore oil is put in the enging in increments. The
vith the corresponding amount of oil inidhe oil pan. Therefore, when the oil level
hount of oil lost can be directly related to the oil level in the oil pan. In one co
is proposed to determine the oil'level. However other techniques may be use
re sensors in the oil pan or otheroil height measurement systems. See Figure 2,

decreases due to oil
mmon application, a
l to measure the oil

bnt

Cra‘k Shaft

Tube

Capacitance
Sensor

Cra‘i Shaft

FIGURE 2 - OIL LEVEL MEASUREMENT SYSTEMS

Pressure
Sensor
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Notes

[ ]
oil sump tempera

Advantages

Disadvantages

The method is su
Fuel and coolant

[ ]
6. CONSTANT LE

6.1  Common Levs
In the common lev
accomplished by ha
move back and fort
same pressure aboyv
As the engine consy
same rate. When th
back into the engine
engine is recorded

change in weight of
level with a capacitg
tube feeds oil into th

tures.

The system is simple in concept.

The accuracy of the-methodHs-subjecttocalibration-acetracy———

bject to variations in oil level due to inconsistent oil drain-back within the engine!
dilution in the oil will influence the measured level of oil consumption.

EL MEASUREMENT METHODS
| System
b| system, the oil levels in the engine and the oil measurement device are

h between the engine and the measurement devices, JThe equalization or ven
e the oil in both the engine and the oil cart. A schematic diagram of this device
mes oil, the oil level will drop. The oil level should drop in both the engine and
e oil level decreases, the measurement device detects the change in level, and

bs the oil consumed.
the weigh tank. The figure on the right;illustrates the use of a capacitance sen
nce probe. This can be configured so'that when the oil level goes down in the
b engine to bring the level back up'to the appropriate level.

ving a tube that connects the oil measurement device 40 the oil pan of the eng

Oil sump temperatures can significantly affect this type of measurement. Measurements should be made at consistent

the same. This is
ne that allows oil to
tube maintains the
s shown in Figure 1.
the oil vessel at the
initiates a flow of oil

to replenish and bring the oil level back ta:thé original level. The amount of oil that put back into the
In Figure 3, the figure at the left determines the amount

of oil added by the
sor for measuring oil
bngine, an oil supply

Equalization
Head T Tube m\
Oil Cart
: Load Cell i
Endine Engine Oil Supply
e
Weigh
Tank | Equalization
/ | \ /_ Tube
Crahk'Shaft Crank Shaft {
‘ ) . | Float Tan , : ‘ Capacitance
Operating Oil Level Operating Oil Level Sensor
o o Needle Valve

FIGURE 3 - GRAVITY FED OIL CONSUMPTION MEASUREMENT TECHNIQUE
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Notes

The level in a run

Setting the operating level is critical for this measurement system.

ning engine is not the same as the level of oil when the engine is stopped.

Proper pressure balance between the engine and measurement devices is very important.
The lines connecting the engine and measurement device must be free of blockages. On the oil lines there should not

be any air bubble or other blockages. On the air equalization side there should not be any blockages due to oil or

other factors.
[ ]

Advantages

Qil drain back within the engine may vary even under steady state operating conditions. This will affect the results.

e The system is rel
The system is no

The system is co

Disadvantages

¢ If not set up prop|
level and imprope
The set up of th
system if the ope
Errors can result
engine changes
Oil leaks from thg
The system can t
Fuel or coolant di
Extended duratio
Temperature diffg
can influence res

6.2 Direct Level S

In the direct level s
techniques. One teq

btively simple in concept.
expensive.
mmercially available.

erly the system can give erroneous results. This can come ffom improper settin
r equalization connections.
b system appears to be simple. However, it is very operator dependent, becad

when measuring oil consumption from a cyclic.engine that because the oper
vith speed and load.
engine will be measured as oil consumption.

ution in the oil will influence the measured level of oil consumption.

h of operation required to get a reading‘makes it difficult to study break-in effects.
rential between oil in the sump and, the float tank may influence results. Variatio
Llts even under engine steady state conditions.

ystem

hnique that has been used is a pressure sensor attached to the oil pan. The prg

is a direct measurenent of oil level.

m\

j of the oil operating

se in setting up the

rator does not pay close attention to the details, the system will provide inaccurat¢ data.

ating oil level in the

bke a long time to stabilize which negates measuring oil consumption during bregk in of the engine.

h in cell temperature

ystem, the oil levelSin‘the oil pan is measured directly. This may be accofplished by various

ssure measurement

Engine

Cra

Operating Oil Level

Shaft

Pressure
Sensor

FIGURE 4 - EXAMPLE OF A DIRECT LEVEL MEASUREMENT SYSTEM USING A PRESSURE SENSOR
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Notes

e The operating condition at which the oil level sensor works needs to be determined and must be consistent.

Advantages

¢ The difficulties of maintaining constant oil levels between the engine and a vessel are avoided.

Disadvantages

e Errors can result when measuring oil consumption from an engine that has changing speeds and loads, because the

operating oil leveHr-the-engine-changes-with-speed-andoad:
¢ Oil leaks from thg engine will be measured as oil consumption.
e Fuel or coolant dijution in the oil will influence the measured level of oil consumption.
e Temperature variptions in the test cell may affect the oil level measurement.

6.3  Oil Pump System

The oil pump methgd for measuring oil consumption has been used by some companies and a s
shown in Figure 3. An oil drain tube is connected to the engine at a specified pgsition on the oil pan
into a “vessel for usgd oil”. Oil is then pumped from the vessel back into the_engine. The system is

the oil level at the gl drain tube location because oil is being constantly.circulated between the oil

When the oil level difops below a certain amount in the “vessel for used oil”, fresh oil is added from th
total weight of the two tanks is constantly measured. The overall decrease in the weight of the two t
the oil consumption.

|
- E
; d Load Cell for

Blow-by C t - -
Frz\:;lq gngizgnec ons : Both Vessels lgl;epr

- =

i i i [sight

H i E Glass

Oil
Separator

- - I Bending Bar Only
Qil Overfill For The Used Qil =
Valve Vessel

Qil Replenishment Valve [ElSEs—- - -

Oi! i Flexible Oil Tube |}

chematic diagram is

This tube will drain
lesigned to maintain
cart and the engine.
e tank above it. The
Anks is equivalent to

Valve '?

Electric -
Motor Vessel For Used Qil

.
Flexible Oil Tube : |

—

é [

FIGURE 5 - OIL PUMP METHOD FOR MEASURING OIL CONSUMPTION
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Notes

Proper pressure balance between the engine and measurement devices is important.

¢ The lines connecting the engine and measurement devise must be free of blockages. On the oil lines there should not
be any air bubble or other blockages. On the air equalization side there should not be any blockages due to oil or

other factors.

Advantages

The oil level is fixed by the oil drain tube. This makes setup easier.
Pressure balances between the engine and the system is not as critical as the other systems.

Disadvantages

This is a relatively
An oil consumptid
The overall syste
Oil leaks from thg
Fuel or coolant di
There is no ability
Extended duratio
Complex design

7. TRACING METH

There are various t
sulfur and tritium trg

tritium) is used in the engine A fuel is used that does not.¢antain the tracer (e.g. no sulfur in the fuel).

the oil that is cons
detected. The con
consumed.

These systems are
consumption in such

than the elemental methods.

complex system.

n measurement during cyclic engine operation is not possible.

m is large in size.

engine will be measured as oil consumption.

ution in the oil will influence the measured level of oil consupiption.

to isolate the source of oil consumption.

h of operation required to get a reading makes it difficultto study break-in effects.
vith more potential leak points.

1ODS

pes of tracer systems that have been used, but the most common tracing sy
cers. Regardless of the tracer, the basic principles are the same. Oil with a tr|

imed will exit the engine through-the exhaust system. In the exhaust gas s
Centration amount of the tracer meéasured in the exhaust gas is an indication

often called “real time oil Consumption systems”, because they have the cap4g
short time periods. <However, radiometric tracer systems will generally take a |

TABLE 1 - COMPARISON BETWEEN TRACER SYSTEMS

stems are based on
pcer (e.g. sulfur and
It is assumed that
tream, the tracer is
of how much oil is

bility to measure oil
pnger period of time

7.1

Feature Bromine Tritium Sulphur
Type of Tracer Radioactive Radioactive Elemental
Radiation Emitter Gamma Beta NA
Fatftife Hours Years N/A

Radiometric Tracing

Radiometric tracers such as Tritium and Bromine are detected in the exhaust gases by the radioactivity in the exhaust

stream. Each tracer
Notes

will utilize a different detection system.

The appropriate radioactive licenses need to be obtained

e The appropriate handling and disposal of radioactive materials needs to be followed.
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Advantages

The system is moderately fast depending on the detection system. A measurement can be taken within an hour.
Good for mapping the speed and load effects of the engine on oil consumption.
Ability to measure cylinder to cylinder or bank to bank within the same engine.
Oil leaks are not counted as part of the oil consumption.

Fuel dilution affects oil consumption only via oil viscosity effect.

If the various oil systems can be separated within the engine, it is possible to determine the contribution of each. For

example if the lubricating oil in the head can be separated from the block then it will be possible to put the tracer in
each system separately and determine their contribution.

Good for mapping the speed and load effects of the engine on oil consumption.

Disadvantages

The mechanical 4
There are radioaq
The calculation o
The system requi
Very accurate me

ystems are very complicated.

tive material regulations that must be followed.
oil consumption is complicated.

res special oil with the radioactive tracer.
asurement of air flow is required.

Instantaneous tr
(approximately 1
Appropriate isola
If an engine fails
attention.

7.2 Elemental Tra

When an element ig
Also, an element my
when the oil is cons

Fnsient effects cannot be measured.

However, the aveérage effect over the
our) can be measured.

ion, handling, and disposal of the radiated parts aftertest must be done.
catastrophically, then the radioactive debris might become a radiation hazard

Cing
used as a trace for oil consumption;specialized equipment must be used to

st be chosen that will be proportiopately consumed with the oil as the oil is consu
imed it can leave elements behind in the combustion chamber. Therefore, the 2

consumed will be affected.

Notes

e The tracer eleme

nht must be appropriately blended in the oil such that when oil is consumed, the

the oil in a proportional amount.

A fuel without the

Advantages
The system is ve

tracer element'must be used.

y fast{_Results can be obtained within minutes.

Good for mappi

measurement time

needing appropriate

detect that element.
med. In some case,
ssessment of the oil

tracer will leave with

ni the'speed and load effects of the engine on oil consumption.

Instantaneous trarst .

Ability to measure cylinder to cylinder or bank to bank within the same engine.
Oil leaks are not counted as part of the oil consumption.

Fuel dilution affects oil consumption only via oil viscosity effect.

If the various oil systems can be separated within the engine, it is possible to determine the contribution of each. For

example if the lubricating oil in the head can be separated from the block then it will be possible to put the tracer in
each system separately and determine their contribution.
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