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Comments: Conference call to discuss the proposed LTMS system for the Sequence IVB test. 

 
 

1. OPEN ACTION ITEMS (B. BUSCHER): 

 

1.1. KA24E Fuel: 
1.1.1. The IVB procedure must be updated with instructions for mixing different batches of 

KA24E fuel. 

1.1.2. The Sequence VG/VH procedure can be referenced because it includes instructions for 

switching to a new fuel batch. 

 

1.2. OHT Updates: 
1.2.1. OHT is currently manufacturing clutch alignment tools. 

1.2.2. Timing Chain Wedge and Engine Rotation Locking Tool: 

1.2.2.1. These two action items are still open. 

1.2.2.2. OHT is waiting on feedback regarding the design of these tools. 

1.2.3. Thermal Barrier Coating: 

1.2.3.1. The Surveillance Panel is interested in possibly applying a thermal coating to 

components of the IVB engine that have large surface areas (oil pan and front 

cover). 

1.2.3.2. OHT has not yet identified a suitable product. 

 

1.3. Oil Consumption: 
1.3.1. The Surveillance Panel still needs to discuss a test validity limit for oil consumption. 

 

1.4. Oil Samples: 
1.4.1. There is an open action item for SWRI and IAR to swap oil samples and compare 

analytical results. 

1.4.2. SWRI, Exxon and Lubrizol have provided Precision Matrix oil samples to IAR for analysis. 

1.4.2.1. Afton provided samples from their recent prove-out testing. 

1.4.2.2. These samples will be re-tested by IAR to eliminate laboratory bias. 

 

1.5. Quality Index Calculations: 
1.5.1. The Surveillance Panel has an open action item to reevaluate the QI calculations for oil 

gallery temperature. 

 

1.6. TMC Updates: 
1.6.1. Some test reports for the Prove-Out Matrix and Precision Matrix are incomplete. 
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1.6.2. The TMC will send an email to each laboratory that still needs to provide data for their 

Industry tests. 

 

1.7. Parameter Database: 
1.7.1. The Surveillance Panel has an open action item to create a database of parameters 

that are believed to have a significant impact on severity. 

1.7.2. One example of such a parameter would be oil gallery temperature. 

 

1.8. Oil Temperature Histogram: 
1.8.1. Lubrizol has an open action item to evaluate whether a histogram is a more 

appropriate way to analyze the oil gallery temperature parameter. 

1.8.2. IAR will follow-up with Lubrizol. 

 

1.9. Blowby System: 
1.9.1. The IVB procedure needs to be updated with instructions for cleaning the external 

blowby system. 

 

1.10. 200HR Operational Data Plots: 
1.10.1. The plots from SWRI and Lubrizol are available on the TMC website. 

1.10.2. IAR has almost finished compiling its plots. 

 

1.11. Engine Build Workshop: 
1.11.1. Most of the labs participated in an engine build workshop earlier in the year. 

1.11.2. The Surveillance Panel needs to compile all the notes from this meeting into a single 

document. 

 

1.12. Unscheduled Downtime: 
1.12.1. The IVB procedure needs to be updated with instructions about how to handle 

extended periods of unscheduled downtime. 

1.12.2. These instructions need to reduce the likelihood of oxidation on camshafts and lifters. 

 

1.13. Anomalous Operational Parameters: 
1.13.1. The Surveillance Panel needs to further analyze the four anomalous operational 

parameters identified by Lubrizol. 

1.13.2. Parameter List: 

1.13.2.1. Exhaust Gas Temperature 

1.13.2.2. Crankcase Pressure / Blowby Flow Rate 

1.13.2.3. Intake Manifold Pressure 

1.13.2.4. AFR 

 

1.14. Appendix K: 
1.14.1. Appendix K needs to be updated for the Sequence IVB test. 

 

2. STATISTICAL ANALYSIS OF OPERATIONAL DATA (STATISTICS GROUP): 

 

2.1. Background: 
2.1.1. The Statistics Group conducted another analysis of Precision Matrix operational data 

(dated 03-20-2018). 
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2.1.2. The focus of this analysis was on exhaust gas temperature, AFR, intake manifold pressure 

and crankcase pressure. 

2.1.3. A partial least squares analysis was used on all (28) Precision Matrix tests. 

 

2.2. Slide #3: 

 

2.2.1. The average Stage 1 blowby and AFR parameters are interesting. 

 

2.3. Slide #5: 

 

2.3.1. The rows in the chart correspond to different reference oils. 

2.3.2. The Surveillance Panel needs to decide whether tighter controls should be 

implemented on the parameters of interest (particularly AFR and blowby). 
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2.3.3. Buscher requested that each laboratory review this analysis and be prepared to 

provide feedback during the next meeting. 

 

3. STATISTICAL ANALYSIS OF IRON PARAMETER (STATISTICS GROUP): 

 

3.1. Background: 
3.1.1. The Statistics Group conducted an analysis of the iron parameter (dated 03-26-2018). 

3.1.2. Iron is measured in the oil drain samples. 

 

3.2. Slide #3: 

  

3.2.1. Several months ago, the Statistics Group analyzed several key parameters from the 

Precision Matrix data set. 

3.2.1.1. AVLI (average intake lifter volume loss) demonstrated the best discrimination. 

3.2.2. The Statistics Group recently revisited the iron parameter. 

3.2.2.1. The N=21and N=28 data sets were both used in the analysis. 

3.2.2.2. However, the Executive Summary deals exclusively with the N=28 analysis. 

3.2.3. Iron demonstrates oil discrimination that is borderline statistically significant. 

3.2.4. Lab differences with iron are statistically significant. 

3.2.4.1. For example, Lab B1 is more severe than Lab A. 

3.2.5. Rate-of-Change of Iron: 

3.2.5.1. The statisticians also looked at the rate-of-change of the iron parameter during 

the last 50-hours of the test and the last 25-hours of the test. 

3.2.5.2. The statisticians confirmed that the rate-of-change of iron provides less 

discrimination than the end-of-test iron. 

3.2.6. Iron vs. Engine Hours: 

3.2.6.1. There is not a clear correlation between iron loss and engine hours. 

3.2.6.2. The 1st run on an engine generally exhibits the most iron generation. 

3.2.6.3. The 2nd run on an engine generally exhibits the lowest iron generation. 
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3.2.6.4. The statisticians will need more data (including data from tests with higher 

engine hours) before they can recommend a correction factor. 

3.2.7. Calcium Adjustment: 

3.2.7.1. Oil discrimination with end-of-test iron did improve when a calcium adjustment 

was applied. 

3.2.7.2. However, there are some challenges to applying a calcium adjustment. 

3.2.7.3. The IVB may need to adopt an iron analysis procedure that is like the one used 

for the Sequence IIIG/H. 

 

3.3. Slide #4: 

 

3.3.1. Concerns: 

3.3.1.1. The statisticians have the same concerns with the iron parameter that they do 

with the AVLI parameter. 

3.3.1.2. There are two severe results with REO300 that are driving oil discrimination. 

3.3.1.3. Oil discrimination is not consistent among test stands. 

3.3.1.4. There is a lot of overlap in the results for the three reference oils. 

3.3.2. Comments from Toyota: 

3.3.2.1. The increase in the rate-of-change of iron at the end of each test may be due to 

oil degradation. 

3.3.2.2. Adding iron as a secondary parameter will provide protection against unusually 

performing oils. 

3.3.2.3. Additional data collected during the Technology Demonstration period will aid in 

this analysis. 

 

3.4. Slide #5: 
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3.4.1. The final calcium level is lower than the initial calcium level for all the Precision Matrix 

tests. 

3.4.1.1. This supports the theory that the oil becomes diluted during the test. 

 

3.5. Slide #7: 

 

3.5.1. The Sequence IVB parameters are shown in yellow. 

3.5.2. These parameters are separated by standard deviations that range between 1.2 and 

1.4. 

3.5.2.1. These are the lowest standard deviations of any GF-6 test. 
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3.6. Slide #9: 

 

3.6.1. The best discrimination is exhibited between REO300 and REO1012. 

3.6.2. There is still significant overlap between all three oils. 

 

3.7. Slide #10: 

 

3.7.1. The oil vs. wear pattern is different between test stands. 

3.7.2. Some stands have a “V’ pattern and some have an inverted “V” pattern. 

3.7.3. The line for stand F-1 is flat. 

3.7.4. The legs on some “V” patterns are longer than on others. 
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3.7.5. A-2 is the mildest stand while B1-2 is the most severe. 

 

3.8. Slide #11: 

 

3.8.1. Lab A has a relatively flat profile. 

3.8.2. Lab B1 has a “check mark” shaped profile. 

3.8.3. Lab F has a decreasing profile (only two oils were run during the Precision Matrix). 

3.8.4. REO300 and REO1012 yielded almost identical results at Lab G. 

 

3.9. Slide #12: 
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3.9.1. The laboratories are statistically different. 

3.9.2. The stands within a single lab do not appear to be statistically different. 

3.9.3. IMPORTANT NOTE: None of this iron data has been adjusted for calcium. 

 

3.10. Slide #13: 

 

3.10.1. The 1st run on an engine generates the highest end-of-test iron. 

3.10.2. The 2nd run on an engine generates the lowest end-of-test iron. 

3.10.3. The 3rd and 4th runs on an engine generate more wear than the 2nd run. 

3.10.4. The statisticians were hoping to see a linear relationship between the residual and 

engine hours. 

3.10.5. Intertek’s Comments about Engine Longevity: 

3.10.5.1. Most of the labs are running a given engine and cylinder head combination for 

up to six runs. 

3.10.5.2. IAR has performed cylinder head swaps. 

3.10.5.2.1. They found that this will extend engine longevity to approximately 8-9 runs. 

3.10.5.2.2. At (9) runs, the engines must be decommissioned for excessive oil 

consumption. 

3.10.6. Comments from Statisticians: 

3.10.6.1. They need more data before they can recommend an engine hour adjustment. 

3.10.6.1.1. This would include data generated on an engine after a cylinder head 

change. 

3.10.6.1.2. Ideally, it would also include 8th or 9th run data. 

3.10.6.2. There is a consensus within the Statistics Group that an engine hour adjustment is 

needed for the iron parameter. 

3.10.6.3. They may need to revisit the AVLI parameter (to determine if there is an engine 

hour effect) once additional data is available. 

3.10.7. Comments from Toyota: 

3.10.7.1. Toyota is not surprised to see that the 1st run on an engine delivers the highest 

end-of-test wear. 

3.10.7.1.1. The first run occurs right after the break-in. 
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3.10.7.1.2. IAR noted that the break-in does not generate much iron. 

3.10.7.2. The proposed iron pass/fail limit is intended to screen out high wear oils only. 

3.10.7.2.1. All the reference oils would pass if the limit were set at 400ppm. 

3.10.8. Carry-Over Effect: 

3.10.8.1. Both Lubrizol and Exxon are concerned about a “carry-over” effect. 

3.10.8.2. Exxon noted that there is no “carry-over” effect with procedures like the 

Sequence III because the engine is rebuilt after each test. 

3.10.8.3. Lubrizol noted that wear in areas of the engine other than the rings and bore 

can lead to a “carry-over” effect. 

3.10.8.3.1. For example, deformed valve stems may be causing excessive lifter 

button wear. 

3.10.8.3.2. Toyota responded that AVLI correlates well to weight loss. 

3.10.8.3.2.1. This indicates that most of the weight loss is coming from the wear 

surface of the lifter in most cases. 

3.10.8.4. IAR noted that timing chains may have a “carry-over” effect as well. 

3.10.8.5. There was a consensus within the group that an end-of-test checklist is needed 

to confirm that the engine was not damaged. 

3.10.8.5.1. IAR uses a similar checklist whenever they run a high wear oil. 

 

3.11. Slide #19: 

 

3.11.1. There is a very strong correlation between AVLI and iron. 

3.11.1.1. This a concern if both are considered primary parameters. 

3.11.2. Comments from TMC: 

3.11.2.1. They are not sure how to handle iron in LTMS if it is a secondary parameter. 

3.11.2.2. This parameter may require Yi charts without severity adjustments. 

3.11.2.3. Ultimately, this is a decision that should be made by the Surveillance Panel. 

 

3.12. Slide #21: 
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3.12.1. The calcium adjustment used in this analysis was taken from the Sequence IIIGB. 

3.12.2. Calcium reduction is assumed to be the result of volatility and dilution. 

3.12.3. Comments from Intertek: 

3.12.3.1. The Sequence IVB generates a lot of water and fuel dilution. 

3.12.3.2. If a calcium adjustment is used, the Surveillance Panel may want to adopt the 

ICP measurement restrictions listed in the Sequence IIIGB procedure. 

3.12.3.2.1. The IIIGB procedure specifies that start-of-test and end-of-test ICP samples 

be measured at the same time and on the same machine. 

 

3.13. Slide #25: 
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3.13.1. The calcium adjustment does improve the significance of the oil discrimination. 

3.13.2. It improves the oil discrimination from a borderline level to a statistically significant level. 

 

3.14. Slide #28: 

 

3.14.1. The p-values are more significant with the calcium adjustment. 

 

3.15. Slide #30: 

 

3.15.1. There is an improvement in overall repeatability with the calcium adjustment. 

3.15.1.1. This is a small improvement and not necessarily a “slam dunk”. 
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3.15.2. The final decision about using a calcium adjustment will be up to the Surveillance 

Panel. 

3.15.3. Comments from Intertek: 

3.15.3.1. They are in favor of the calcium adjustment. 

3.15.3.2. A transform is needed. 

3.15.3.3. They are concerned about the potential redundancy between AVLI and end-of-

test iron. 

3.15.3.4. This issue can be resolved by making iron a secondary parameter. 

3.15.4. Comments from General Motors: 

3.15.4.1. What should be done about oils that do not use calcium? 

3.15.4.1.1. They have concerns about using calcium to assess volatility and dilution. 

3.15.4.1.2. Calcium is a detergent, so it is surface active. 

3.15.4.1.3. Some calcium will be lost due to this surface activation. 

3.15.4.1.4. IAR noted that the Industry may need to look at magnesium or sulfur when 

testing formulations that do not use calcium. 

3.15.4.2. Would it be more appropriate to use fuel dilution or water content to assess 

volatility/dilution?  

3.15.4.3. The three Precision Matrix oils probably use similar chemistry. 

3.15.4.3.1. The Surveillance Panel will need to look at outlier oils to determine if they 

display a different relationship between iron and AVLI. 

 

4. STATISTICAL ANALYSIS OF HIGH WEAR OILS (STATISTICS GROUP): 

 

4.1. Background: 
4.1.1. The Statistics Group conducted an analysis of results from oils that were intended to 

generate high wear on the Sequence IVB test (dated 03-27-2018). 

 

4.2. Slide #3: 
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4.2.1. This slide shows the Precision Matrix oils and the high wear oils on the same plot. 

 

4.3. Slide #5: 

 

4.3.1. IAR cannot explain the two consecutive mild results with the Lubrizol high wear oil. 

4.3.2. Comments from Toyota: 

4.3.2.1. The Lubrizol oil had a late TAN-TBN cross-over. 

4.3.2.2. This suggests that the oil offers good degradation control. 

4.3.3. General Motors asked if Lubrizol had any Sequence IIIG data for this oil. 

4.3.4. Comments from Lubrizol: 

4.3.4.1. This oil was not run on the Sequence III. 

4.3.4.2. However, Lubrizol’s statistical models predict that this oil would fail the Sequence 

IIIG for both WPD and PVIS. 

4.3.4.3. The oil uses a typical AO package for a GF-4 formulation. 

4.3.5. Comments from Intertek: 

4.3.5.1. They have reports and/or presentations from the Surveillance Panel members 

that have run high wear oils. 

4.3.5.2. This data will be compiled and shared with the Industry. 

4.3.6. Statement from Unnamed Additive Company (Conveyed by Buscher): 

4.3.6.1. This company is identified as “Addco2”. 

4.3.6.2. The data in the plot is for an oil with no ash and minimal anti-wear additives. 

4.3.6.2.1. Average Intake Lifter Volume Loss = 2.56mm3 

4.3.6.2.2. E.O.T. Iron = 836ppm 

4.3.6.3. They rescinded the results from their second oil (which was an SN+ formulation). 

4.3.7. Comments from Lubrizol: 

4.3.7.1. The 200HR iron from the “Addco2” test is extremely high, especially considering 

that it had an average intake lifter volume loss around 2.5mm3. 

4.3.7.2. Was there excessive wear or damage to the engine? 

4.3.8. Intertek Response to Lubrizol’s Question: 

4.3.8.1. IAR confirmed that the engine did exhibit excessive wear after the test. 

4.3.8.2. This was the 9th run on the engine. 

4.3.8.3. The engine was “healthy” during the 8th run. 
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4.3.8.4. The crankshaft was worn to a point at which it would no longer meet factory 

tolerances. 

4.3.8.5. PDI bore traces indicate a wear scar of approximately 40-microns on the thrust-

side. 

4.3.8.5.1. The block would need to be honed if it were to be used again. 

4.3.8.6. There is excessive piston ring wear. 

4.3.8.7. There is some timing chain wear. 

4.3.8.8. Oil consumption was around 1000g. 

4.3.8.9. IAR believes that this oil would have even rendered a 1st run engine 

unserviceable. 

4.3.9. Comments from Exxon: 

4.3.9.1. The results from “Addco2” are like what they experienced with their high wear 

oil. 

4.3.9.2. Their oil rendered a 6th run block unserviceable. 

4.3.9.3. These two situations exemplify why they are concerned with iron as a pass/fail 

parameter. 

4.3.10. Comments from Lubrizol: 

4.3.10.1. Lubrizol shares Exxon’s concerns about iron as a pass/fail parameter. 

4.3.10.2. Lubrizol is also confused by the lack of consistency in engine wear with the 

“poor” oils. 

4.3.10.2.1. Lubrizol completely disassembled the Precision Matrix engine that was 

used to test its “poor” proof-of-performance oil. 

4.3.10.2.2. Wear was minimal. 

4.3.10.3. IAR confirmed that the engine used for the repeat test with Lubrizol’s “poor” 

proof-of-performance oil is still in service. 

4.3.10.3.1. So, wear with this engine was also minimal. 

 

5. IVB LTMS SUGGESTIONS SUMMARY (STATISTICS GROUP): 

 

5.1. Background: 
5.1.1. The Word document outlines the proposed LTMS system for the Sequence IVB test 

(dated 03-08-2018). 

5.1.2. The Excel spreadsheet has tabs that display the output of the proposed LTMS system. 

 

5.2. Overview of Proposed LTMS System (Word Document): 
5.2.1. This would be a stand-based system with charts for AVLI (average intake lifter volume 

loss) and 200HR (end-of-test) iron. 

5.2.1.1. The statisticians have proposals for unadjusted iron and iron that is adjusted for 

calcium. 

5.2.1.2. The Excel file with the calcium adjustment was completed today. 

5.2.2. Test stands will be charted separately with their own severity adjustments. 

5.2.3. Zi Limit: 

5.2.3.1. A default recommended limit is used. 

5.2.3.2. This default limit is used in all GF-6 test types except the Sequence IX. 

5.2.4. Zo Limit: 

5.2.4.1. A “fast start” Zo limit is proposed. 

5.2.4.2. Two tests are the default setting. 

5.2.4.3. It will be up to the discretion of the Surveillance Panel to increase this to three 

tests. 
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5.3. LTMS Chart AVLI (Spreadsheet): 

 

5.3.1. Stands A-1 and A-2 (which are in the same lab) are statistically very similar (even though 

they display some small visual differences).  

5.3.1.1. This supports the stand-based system. 

5.3.2. Stand B1-3 did have one result that failed due to an ei alarm. 

5.3.2.1. However, the subsequent Precision Matrix result would have allowed the stand to 

reference. 

5.3.2.2. This is the only example of a failing result with the proposed LTMS system. 

 

5.4. LTMS Chart FE_Ca_Adj (Spreadsheet): 
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5.4.1. The pattern is like that of the AVLI parameter. 

5.4.2. Stand B1-3 does not trip an ei alarm with the iron parameter. 

 

5.5. Range Chart AVLI (Spreadsheet): 

 

5.5.1. A lab that repeatedly operated in the yellow bands would trigger an alarm. 
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5.6. Range Chart FEWMEOT_Ca_Adj (Spreadsheet): 

 

5.6.1. In certain situations, an 801ppm result with REO300 or a 456ppm result with REO1012 

would be acceptable. 

5.6.1.1. However, a lab cannot operate close to these limits for long. 

5.6.2. Comments from Lubrizol: 

5.6.2.1. Stand B1-2 is operating with a Zi of 1.3. 

5.6.2.2. So, a high iron result on B1-2 would be acceptable. 

5.6.2.3. However, the next test would need to have a lower iron for that stand to 

maintain calibration. 

 

5.7. General Discussion: 
5.7.1. Comments from Exxon: 

5.7.1.1. They would like the Surveillance Panel to formally discontinue any further 

discussion or analysis with the N=21 dataset. 

5.7.1.2. There was unanimous approval within the Surveillance Panel to discontinue the 

N=21 dataset. 

5.7.2. How Should the Three Existing Reference Oils be Used? 

5.7.2.1. The statisticians stated that this is an engineering decision and not a statistical 

decision. 

5.7.2.2. Afton believes that REO1011 should be checked [during reference tests] more 

often than the other two oils because of its 0W-16 viscosity. 

5.7.2.3. IAR reminded the Surveillance Panel that it can decide on a reference oil 

frequency now and change it later. 

5.7.2.4. There was a broad consensus within the Surveillance Panel to initially test all three 

reference oils at an equal frequency. 

5.7.3. Transformations: 
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5.7.3.1. There was a general agreement within the Panel that a square-root would be 

used for AVLI and a natural log would be used for the calcium-adjusted iron. 

5.7.4. Iron: 

5.7.4.1. Afton and the TMC are concerned about implementing iron as a pass/fail 

parameter before there is a clear understanding about how engine life will impact it. 

5.7.4.1.1. They suggested making iron a “report only” parameter until more data is 

available. 

5.7.4.2. Comments from Intertek: 

5.7.4.2.1. The IVB Data Dictionary will need to be updated to reflect the proposed 

LTMS system. 

5.7.4.2.2. The Sequence IIIGB procedure uses magnesium or sodium to adjust the 

iron for formulations that lack calcium. 

5.7.4.2.3. The IVB will need to adopt the following IIIGB oil sample methodology: 

5.7.4.2.3.1. S.O.T. and E.O.T. ICP samples will need to be run consecutively and 

in duplicate. 

5.7.4.2.3.2. The average of the duplicate runs will be reported. 

5.7.4.3. Lubrizol, Infineum and Exxon would all like to see more clarity with the iron 

parameter before the Surveillance Panel votes on the LTMS system. 

5.7.4.4. General Motors and Ford agree that this test needs an iron parameter because 

AVLI is not sufficient. 

5.7.4.4.1. They want to make iron a pass/fail parameter now to eliminate the timing 

uncertainty with making it a pass/fail parameter in the future. 

5.7.4.4.2. They do not want any more delays with GF-6. 

5.7.5. Communication: 

5.7.5.1. The TMC will issue an information letter that summarizes all the procedural and 

process changes that accompany the new LTMS system. 

5.7.6. Proposed Pass/Fail Limits: 

5.7.6.1. Toyota is considering a 400ppm pass/fail limit for iron. 

5.7.6.1.1. This limit may be increased to 450ppm if a calcium adjustment is used. 

5.7.6.2. Exxon noted that all three reference oils have Yi’s that would allow them to get 

into the 450ppm range for iron. 

5.7.6.2.1. Two of these three oils are considered good performers. 

5.7.6.2.2. One of these oils is considered a borderline performer. 

5.7.6.3. Consensus within Surveillance Panel: 

5.7.6.3.1. Chart iron using the unadjusted targets for now. 

5.7.6.3.2. Implement the calcium adjustment after more data becomes available. 

5.7.6.3.3. Limit the application of iron severity adjustments to candidate oils. 

5.7.6.3.4. Do not implement calibration requirements for iron. 

5.7.6.4. Lobe Failures: 

5.7.6.4.1. Lobe failures should be captured in LTMS. 

5.7.6.4.2. They will be reported as valid but not charted. 

5.7.7. Vote: 

5.7.7.1. The Surveillance Panel ran out of time during this conference call to hold a vote 

on the proposed LTMS system. 

5.7.7.2. Buscher will issue an electronic ballot. 

5.7.7.3. Intertek made the motion and Toyota seconded the motion. 
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