SURFACE VEHICLE J2795™

NOV2021

internationat. | INFORMATION REPORT Issued

Revised

Superseding J2795 AUG2014

2012-12
2021-11

Power Cylinder Oil Consumption: Problem Solving

RATIONALE

This Five-Year Review and update include additional detail and clarifications on how to solve potential oil consumption
issues. Some of the updates are:

5.

6.

6.1
6.2
6.3
6.4
6.5
6.6

Examples of key parameters to investigate in an oil analysis.

A description that an intake air throttle can cause high oil consumption.
An description of potential oil consumption measurement mistakes.
New photos of carbon packing damage.

A paragraph to ensure that components are made per their specification.

A better description of the swapping technique for measuring evaluating high oil consumption.

And various small editorial updates.

TABLE OF CONTENTS

RSO @ 4
PUMDOSE ..ttt ettt ettt e e ettt e e R bttt e e a e et e e e n b e e e e e nnbe e e e bbe e e e e nte e e e e naeeeeanees 4
REFERENGCES. ... ... e ettt e et e e e e e e e e e aaees 4
DE R INIT ION S .. e e ettt 4
LIST OF METHODS . .....oeecteietitetiteteteteteeeteeeeeteteeeteteeeseseessesesesesesssesesssesesesesssssssesesssssssesssesssesssesssssnsnsssnsssnnes 4
CHECK THE HISTORY OF THE ENGINE ... e e e e e e e e e e e eeaaaas 4
ELIMINATE THE SIMPLE POSSIBILITIES (BEFORE ENGINE TEARDOWN)......cccoiiiiiiiiiiee e 5
L TCT o7 QR 0] IS € 5
Check for Problems with the Breath@r ... 5
Check for Malfunctioning External CompoOnents. ............oiiiiiiiiiiiie e 6
Check for Coolant iN the Ol ........cooueiie e e e e e e e e e e e e e e e e e eea s 6
(07 0T=To] @ (o A LU= I T T A LK O 1| DT 6
MEASUIE BIOW-DY ...ttt ettt e st e e o et e s bt e e e s bb e e e s nnb e e e s anneeeeeaanes 6

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2021 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronlis,\mechanical, photocopying,

recording, or otherwise, without the prior written permission of SAE.

| =4
TO PLACE A DOCUMENT ORDER: Tel: 877-606-7323 (inside USA and Canada) : f ) Woia ral
Tel:  +1724-776-4970 (outside USA) For more information cn 1 stabdard VISI‘2§E ing Hub
Fax: 724-776-0790 https://www.sae.orq/standards/conter?tﬂé ’Sg ﬂl’ 1
Email: CustomerService@sae.org

SAE WEB ADDRESS: http://www.sae.org
Full document details: SAE J2795_202111


https://www.sae.org/standards/content/PRODCODE/
http://avadocuments2026.com/doc/sae-j2795-202111
http://avadocuments2026.com/doc/sae-j2795-202111

SAE INTERNATIONAL J2795™ NOV2021 Page 2 of 22

6.7 10701 101 o (= ET] (o] T O s 1= o1 RSP PRPR 6
6.8 IS 1 I T 1Y 1= SRR 7
6.9 BOrescope the ENGINE......coo ittt e et e e s e e e e e e nre e e e annre e e e ennes 7
6.10 Examine the Color Of the EXNAUST ..........ooiiii e e e e e e e neeee s 7
6.11 Complete an Ol ANAIYSIS ........uiiieiiiie et a e e e bt e e e b e e s e ab e e e e nre e e enees 7
6.12 Verify the Oil Consumption was Measured COrrectly ........ ..o 7
7. ELIMINATE THE POTENTIAL MISTAKES (AFTER ENGINE TEARDOWN) .......cooviiiiiiie e 7
71 Incorrect or MiSSING COMPONENTS .........oiiiiiiiiieiiiie e et e et e e st e e e st e e e st e e e ssaeeeessaeeeessseeeeasseeeeaneaeens 7
711 Incorrect or MisSiNg PiStON RINGS ......cooi i e e e e e e e rneneeeeaaaeeas 7
71.2 TaToto] g £ =To1 QD] o1 ¢ [ U RTSPPRR 7
7.2 Misassembled Power CylINAEr PArts ............coooiiiiiiiii ettt e e e e e e enrnre s 8
7.21 Misassembled PiStON RINGS .......ooiiiiiieiii ettt e e e s e e e e e e e s e e e e e e e e e e snnrnreees 8
7.2.2 T (T TN = o RS 8
7.2.3 F Y o o] =TI =T 4 RS SE 8
724 Improperly Handled RINGS .....ooo it e et e e s b e e e s e e e e aneaea s 8
8. OIL CONSUMPTION AS A RESULT OF A FAILURE ... .ottt 8
8.1 BrOKEIN RINGS ...ttt ettt et e e o b et e s bttt e e bb e e e s anb e e e e aabbe e e e aanes 8
8.2 Face Coating FailUre........ooi ittt e e et e e et e e e et e e e e nnee e e sannteeeeannteeeeennees 9
8.3 S Tell 1 {=To [ oY o @ g o [ SRR 9
8.4 Carbon Deposits on the Piston Top Land and Top RiNG GroOVE ..........cccceeiiiiiieiiiiiie e 10
8.4.1 Carbon Packing on the TOPp Land ...........uuiiiiiiii ettt e e e e e e e e e e e e s rnareaaeeeaeaanes 10
8.4.2 Carbon Buildup in the TOp RiNG GrOOVE .......cccoiiiiiieiiee ettt e e e e e e e e e s ae e e e e e e e eaanes 10
8.4.3 L0714 o o] o I I =T 4 o T PSPPSR 11
8.5 EXCESSIVE WA .....coiiiii ettt ettt e e e e e e ettt e e ee e e s e s ns e eeeeeeeesaanssteeeeeaeeeaannnseneeaaaeeeannnsnneees 11
8.6 1= o) 4 3RS 11
8.7 6= Tt Qo) B W o T i) o PSSR 12
8.8 Bore Washing from the FUE ... e 12
8.9 Oil Burning from the CyliNder Wall.............ooo et ee e 12
9. CHECK FOR PROPER DESIGN ......ooiiiiiiiiiiiiiee sttt sete ettt e ettt e e s st e e e st e e s sntaeaessntaeeessnsaeeesanseneesns 12
10. MODELING AND MAPPING ... .etiiii ittt ettt e e et e e e e ente e e e e ante e e e esteeeeeanteeeeanneeeeeannees 12
10.1 CyliNdEr Kit DYNAIMICS ....ccoiiiiiiiiii ettt e e e e e e e e e e e e e e st s aeeeaaeeeesnsraseeeaeeesaansrsneeeaeeesaannns 12
10.2 Engine Oil Consumption Steady State Mapping......c.ccoieiiiiiiiiie e 13
11. COMPONENT NOT MADE PER SPECIFICATION ..ottt ettt earnea e 14
12. COMPONENT SWAPPING AND VARIATION TECHNIQUES ........ooo e 14
12.1 S NVE=T o] o) T I IT=Ted o T [ 1SR 14
12.2 V= T E= LT o T =T T 1o U = SRR 14
13. SYSTEM SEPARATION ...ttt ettt ettt e e sttt e e e et e e e e sstaeeeesstaeeesastaeeesansaeeesassaeeesansaneesanseneeaans 14
13.1 ETo] = (T g IR A LT @ A=Y o 1= Vo USRS 15
13.2 Isolating the TurboCharger/SUPEICNAIGET ..........c..uii ittt e e e nee e e e e 15
13.3 [SOIAtiNg the FUEI PUMID ...t e ettt e e e e e e et e e e e e e e e nnnaeeeeaaeeas 15
13.4 Isolating the Crankcase Ventilation SYStEMS.........cooiiiiiiiiiiic e 15
13.5 Isolating the EXternal COMPONENTS ........cooiiiiieiiee e e e e e e e s ae e e e e e e e e reaeaaaeeas 15
14. OTHER POSSIBLE FACTORS ...ttt ettt e ettt e e e st e e e e eat e e e e sateeeesaaaaeaessnbaeeesanreeeeans 15
141 CUSIOMET DULY CYCIE ... ittt e ettt e e e sttt e e e ea bt e e e e ambe e e e e anbeeeeeanbeeeeeanbeeeeaans 15
15. OIL CONSUMPTION PROBLEM SOLVING SEQUENCE - OIL CONSUMPTION HAS BECOME

2 7 5 SRR 15
15.1 Before Disassembly Of the ENGINE..........ooo i 15
15.1.1 (07 0= Yo Q8 1 L=l o 1153 (o] Y RSP .
15.1.2 Investigate the SOUICE ..........ooiiiiiiii i e, DOCU menl

Document Sharing Hub

Full document details: SAE J2795_202111


http://avadocuments2026.com/doc/sae-j2795-202111
http://avadocuments2026.com/doc/sae-j2795-202111

SAE INTERNATIONAL J2795™ NOV2021 Page 3 of 22

15.1.3 CECK fOr PrODIBMS.......eeec et b ettt en e st e et nar e e ane e e nenees 16
15.2 Minimal Disassembly Of the ENGINE ........cooiiiiiii e e 16
15.3 Remove the CylINAEr HEAA ...........eoiiiee et et e s 16
15.4 Remove the Power Cylinder COMPONENTS.........oiiiiiiiiiie e 16
15.4.1 Check for Incorrect INStallation ISSUES .........ooo et a e e e 16
15.4.2 Check for Carbon Packing on the Top Land of the Piston.............ccooiiiii e 17
15.4.3 (07 aT= Yo7 Q8 (o)l D =Ty o F- To 1= PSRRI 17
15.4.4 Evaluate the COMPONENTS........ooii i e e e e e et e e e e e e e et a b e e e e e eeeeennrnreeas 17
15.4.5 (07 aT= Yo7 {0 AT =T PSPPSR 17
15.4.6 Check for ManufaCturiNg ISSUES ..........ooiiiiiii et 17
15.5 SWAP TOSHNG ettt b et h et e et ne e nenees 18
16. OIL CONSUMPTION PROBLEM SOLVING SEQUENCE - OIL CONSUMPTION IS HIGH BUT

ACCEPTABLE ON OTHER ENGINES ........oo ittt ettt snte e e e see e e smeeeesneeesnneeens 18
16.1 Before Disassembly Of the ENGINE..........ooo i 18
16.1.1 ChECK the HISTOIY ... ettt h et e e e ra et e e e aa b et e e e aabe e e e e aabeeeeeanbeeeean 18
16.1.2 INVESHIGAte the SOUICE ... e e e 18
16.1.3 L0 T G ol o] [T o 1 1= OSSPSR 18
16.2 Minimal Disassembly Of the ENGINE ........coooiiiiiiiie e e 18
16.3 RemMove the CYlINAEr HEAA ...........ueiii i e e e e e et e e e e nee e e e e neeeeeennees 19
16.4 Remove the Power Cylinder COMPONENES.........ccuiiiiiiiiie et eree e e e e e e e e e e e neee e e e nreeeeennees 19
16.4.1 Check fOr ASSEMDIY ISSUES.......ueiiiii ettt e e e e e e e e e e e e e e e s e reeeaeeeeesasraaeeeaeeeaaannes 19
16.4.2 Check for Carbon Packing on the Top Land of the PiSton..............coooiiiiiiiiii e 19
16.4.3 CheCK fOr DAMAJE .......eeeiiiie ittt e bttt e st e ea e e bt e et e e nne e nare s 19
16.4.4 Evaluate the COMPONENTS.......ooiiiiii et e e e e e e e e e e s et e e e e e e e e s nnnaeeeeaeeeesnnnenneees 20
16.4.5 Check for ManufaCtUNNG ISSUES .......ooieeiiiiiie ettt e e e e e st e e e e e e e e s teee e e e e e e e e anntnaeeeaaeeaannnes 20
16.5 V2= o TR =1 1 [T SRR 20
17. OIL CONSUMPTION PROBLEM SOLVING SEQUENCE - OIL CONSUMPTION IS ALWAYS

T RS 21
171 Before Disassembly Of the ENGINE..........ooo it nee e e e e 21
17.1.1 (07 o= Yo7 Q1 L= o 1153 (o] PSPPSR 21
17.1.2 INVESHIGAte the SOUICE ...ttt e e et e e s te e e e e nae e e e enneeeeeennees 21
17.2 Remove the CyliNAEr HEA ...t e e e e e e e e et e e e e e e e snnnneees 21
17.3 Remove the Power Cylinder COMPONENES..........uuuiiiiiiiiiiiiiiieee et e e e s e e e e e e s e e e e e e e snsnaeees 21
17.3.1 Evaluate the COMPONENTS.......ooiiiiiiiie e e e e e e e e e s e e e e e e e e s enssreeeaeeeeesnnsnneees 21
17.3.2 Check for Manufacturing ISSUES .........coiiiiiiiiie et et e e et ee e e sneeeeeens 21
17.4 e o (U= S L= T B =T o | o USRS 22
17.5 Model the Power Cylinder DYNAMICS ......ccooiuiiiiiiiie ettt et aee e e e e e e e 22
17.6 VA= T =Y o] T =T i T U PR 22
18. N (O 1 = SR 22
18.1 AV To] o TN [ g Te [Tor=1 (o] RS UEPPR SR 22
Figure 1 Example of damaged to the third land due to installation damage..........cccocccoveiiiiiinin e 8
Figure 2 Example of broken PiStON FiNG ........ccuiiiiiiiiee e e e e e e e e e e s e st re e e e e e e e e snnrnreees 9
Figure 3 Example of failed ring face COAtINGS .......oviiii i e e e e e e e e e 9
Figure 4 Example Of PISTON SCUTT..... ..ot e e e e e e e e e e e e s aeeee e e e e e snnrnneees 9
Figure 5 Example of carbon POlISNING ..........ooi e 10
Figure 6 Example of carbon tracking caused by excessive bore distortion .............occcceiiiiiiiiii 11
Figure 7 Examples of @XCeSSIVElY WOIN FINGS ......oiiiiiiie et e e 11
Figure 8 Example of excessive polish due to bore washing or oil bUrNiNg ... 12
Figure 9 Example of inter-ring gas pressure and ring MOtION ..........oouiii it 13
Figure 10 Example of o0il consumption Mapping .......coouiiiiiiiiie e 13

Documents

Document Sharing Hub

Full document details: SAE J2795_202111


http://avadocuments2026.com/doc/sae-j2795-202111
http://avadocuments2026.com/doc/sae-j2795-202111

SAE INTERNATIONAL J2795™ NOV2021 Page 4 of 22

1. SCOPE

This document describes methodologies to determine the causes of high oil consumption caused primarily by the power
cylinder system.

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 the
exhaust gas after treatment devices. To the operator of the engine, the consumption of oil is an unnecessary and excessive
cost of engine operation. While solving oil consumption problems, it is important to have a systematic way of determining
the cause of the high oil consumption. Not all of the oil consumption problems are due to the power cylinder system. Other
engine subsystems can contribute to the oil consumption of an engine which means that isolation of contributing systems
is essential for diagnosing and eliminating the source of oil consumption. The purpose of this document is to review the
various possible systematic methods for solving oil consumption problems.

2. REFERENCES

There are no referenced publications specified herein.

3. DEFINITIONS

There are no unique definitions.

4. LIST OF METHODS

The following is a list of the basic methods for determining the causes of high oil consumption:

e Check the history of the engine.

o Eliminate the simple possibilities.

e Eliminate the mistakes.

e Determine if oil consumption is a result of a failure.

e Modeling and mapping.

e Component swapping and variation techniques.

e System separation.

5. CHECK THE HISTORY OF THE ENGINE

High oil consumption may be a result of how the engine was operating. Make sure that the engine was run properly. Some
of the areas to check on engine operation are:

e Check for changes to blow-by. This might indicate a problem in the engine.

e Check the history for changes in temperatures and/or pressures that might indicate incorrect engine operation or

problems:
o Oil
o Coolant
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o Intake
o Exhaust
o Check the condition of the oil for signs of potential problems. Example of lubrication conditions to analyze are:
o Oxidation parameters
o Viscosity
o Wear metals (e.g., Al, Fe, Cr)
o Contaminants (e.g., Si)
o Elements from coolant (e.g., Na, K)
o Fuel concentration
e Check for incorrect engine operation:
o Speed
o Load
e Check warranty data to determine if the engine has a history of problems and under what conditions.

e Check the history of past engine test done on the same engine configuration. Have things changed? Was the engine
run differently?

6. ELIMINATE THE SIMPLE POSSIBILITIES (BEFORE ENGINE TEARDOWN)

When there is a problem with high oil consumption of an engine, it is important to eliminate the simple potential causes first.
These are the things that are done prior to any engine teardown.

6.1 Check for Leaks

In any case where there is high oil consumption, an examination of leaks should be made. Look for oil on the ground or oil
on the engine. The magnitude of the leak might be determined by catching the oil leaked over a period of time and measuring
the final quantity.

6.2 Check for Problems with the Breather

Oil may exit through the crank case breather. In an open system, the oil may then accumulate on the ground. In a closed
system, there may be oil in the intake system. Excessive oil through the breather might be an indication of various problems:

Design issues:

e Poorly designed breather.

e Incorrectly positioned breather.

e Plugged breather or valve (PCV).

e Missing breather or valve (PCV).
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Problems:

¢ High blow-by may indicate a problem that is coming from the power cylinder.
¢ Unstable blow-by may be a cause or symptom of high oil consumption.

6.3 Check for Malfunctioning External Components

Components other than the power cylinder may contribute to high oil consumption. Check these components for signs of
oil consumption problems.

Turbocharger/supercharger: Can often be isolated from the main engine to determine the turbocharger/supercharger
contribution to oil consumption. Oil tracks might also be seen in the outlet if there is a broken seal.

Air compressor: Might be able to remove from the engine to check for its contribution to oil consumption.
Valve guides: There may be oil leaking down the valve stems. Replace the valve stem seals if possible.
Fuel pump: The fuel pump or fuel injectors may leak oil into the fuel. The oil will then be burnt with the fuel.

Intake air throttle: The intake air throttle can cause a vacuum in the cylinder that can cause oil to be sucked upwards causing
high oil consumption.

6.4 Check for Coolant in the Oil
Coolant in the cylinder will vaporize causing high blow-by. Also, it will affect lubricity of the oil and result in high wear of the
cylinder walls that will affect blow-by and oil consumption. Coolant in the oil could also indicate a failed cylinder head gasket

which could cause high blow-by and/or oil consumption. Also a failed oil cooler could cause coolant to into the cylinder.

Coolant in the oil can be determined by an oil analysis. Foam on the oil or increasing sump levels can be a sign of coolant
in the oil.

6.5 Check for Fuel in the Oil

Fuel in the oil will affect the lubricity of the oil and result in high wear of the cylinder walls that will affect blow-by and/or oil
consumption. Fuel in the oil can be determined by an oil analysis. Low oil viscosity or increasing sump levels can be signs
of fuel in the oil.

6.6 Measure Blow-by

Measure blow-by in the problem solving efforts. High blow-by might be an indicator of power cylinder issues that might result
in high oil consumption also. These issues could include:

e Broken ring.

e Broken piston.

e Scuffed cylinder.

6.7 Compression Check

A compression check can help to determine if there is a problem with the rings or pistons that might be causing high oil
consumption.
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6.8 Leak Down Test

A leak down test can follow a compression check to identify the source of the leak. Look for signs of leaking in the intake
ports, exhaust ports, crankcase, or coolant. Signs for leaks may be leakage noise in the ports and crankcase, or gas bubbles
in the coolant. This test makes it possible to better understand whether the power cylinder (piston and rings) is the source
of blow-by that might be affecting oil consumption.

6.9 Borescope the Engine

A borescope of the cylinder will help to identify if there has been scuffing or piston damage that might explain the cause of
high oil consumption.

6.10 Examine the Color of the Exhaust

The color of the exhaust gases might indicate problems:

o Excessive white smoke might indicate coolant in the cylinder.

o Excessive black smoke might indicate excessive fuel.

6.11 Complete an Oil Analysis

Analyze the oil for signs of potential problems. Analyze viscosity change and base number change for oil degradation.
Check for wear metals (iron, chrome, etc.) in the oil for indications of failures occurring within the engine. The oil should
also be analyzed for contaminates such as fuel and coolant. Excessive fuel or coolant in the oil may diminish the lubricity
which will cause excessive wear or scuffing of the cylinder. This can result in high oil consumption.

6.12 Verify the Oil Consumption was Measured Correctly

Oil consumption is very difficult to measure. Various methods of measurement can be found in SAE J2796. However, it is
possible to make mistakes in all techniques for measuring oil consumption. Verify that the measurements are accurate.
Below are some items that could affect the measurments:

¢ Qil level in the crankcase is too high or too low.

An obstructed or blocked oil filter.

Oil that has exceeded the oil drain interval.

Insufficient oil drainback.

7. ELIMINATE THE POTENTIAL MISTAKES (AFTER ENGINE TEARDOWN)
7.1 Incorrect or Missing Components

Verify that there are no incorrect or missing components in the engine.

7.1.1  Incorrect or Missing Piston Rings

Check each ring. Have all the rings been installed on each piston? Have the correct piston rings been used? Make sure
that the oil rings are installed with all the pieces. A missing piece can be detrimental to oil consumption.

7.1.2 Incorrect Dipstick

An incorrect dipstick may result in the engine being overfilled with oil. This might result in high oil consumption.
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