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 Relevant Test: Sequence IVA and IVB 

Note Taker: Chris Mileti 

Meeting Date: 03-07-2018 

Comments: Sequence IV Surveillance Panel conference call to discuss the ongoing analysis of 

the Sequence IVB Precision Matrix data. 
  

 

1. REVIEW OF AGENDA AND OPEN ACTION ITEMS: 

 

1.1. Discussion about Operational Analysis with Partial Least Squares: 
1.1.1. During the 03-01-2018 conference call, the statisticians reviewed their latest Sequence 

IVB operational data analysis (dated 02-14-2018). 

1.1.2. Buscher asked if any of the Surveillance Panel members had feedback on this analysis. 

1.1.2.1. No feedback was given. 

 

1.2. Discussion about Additional 1-Hour Operational Data: 
1.2.1. Each laboratory submitted operational data from the 10HR-11HR and 195HR-196HR time 

periods for each Precision Matrix test. 

1.2.1.1. Afton submitted data from their prove-out tests. 

1.2.2. The Surveillance Panel reviewed the 10HR-11HR data during the 03-01-2018 conference 

call. 

1.2.2.1. There was not enough time to review the 195HR-196HR data. 

1.2.3. Buscher asked if any of the Surveillance Panel members had a chance to review the 

195HR-196HR operational data. 

1.2.4. Comments from Intertek: 

1.2.4.1. They reviewed the 195HR-196HR operational data and identified trends and lab-

to-lab differences that were like those from the 10HR-11HR data. 

1.2.4.2. Intertek believes that there is good alignment between their lab and SWRI. 

1.2.4.3. Small operational differences can be addressed through continuous 

improvement efforts. 

1.2.5. Comments from Lubrizol: 

1.2.5.1. Lubrizol reviewed the 195HR-196HR operational data. 

1.2.5.2. The following (3) parameters continue to show significant differences between 

laboratories: 

1.2.5.2.1. AFR 

1.2.5.2.2. Crankcase Pressure 

1.2.5.2.3. Intake Manifold Pressure 

1.2.5.2.4. Exhaust Gas Temperature 

 

2. STATISTICAL ANALYSIS OF SEQUENCE IVB OPERATIONAL RAMPS (03-05-2018): 
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2.1. Slide #2: 

 

2.1.1. The conclusion of this analysis is that ramping does not impact test severity. 

 

2.2. Slide #3: 

 

2.2.1. The operational data from one of the Exxon results appears to be out of phase with the 

data from the other tests. 

2.2.2. The statisticians had to omit this test from their analysis. 

 

2.3. Slide #5: 
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2.3.1. The slopes do not seem to correlate to lifter wear. 

2.3.2. The statisticians agreed to take a closer look at the four anomalous parameters 

identified by Lubrizol (i.e. AFR, crankcase pressure, intake manifold pressure and exhaust 

gas temperature). 

 

3. 200HR OPERATIONAL DATA PLOTS: 

 

3.1. Laboratory Update: 
3.1.1. Lubrizol is still trying to complete the 200HR operational data plots for its three Precision 

Matrix tests. 

3.1.1.1. The data is compiled. 

3.1.1.2. They are having a difficult time identifying an appropriate way to graph the 

data.  

3.1.2. Comments from Southwest: 

3.1.2.1. They plotted their data using SAS JMP. 

3.1.2.2. They used a local moving average to eliminate the “blob” of data that made 

graphing problematic. 

3.1.2.3. Their graphs are not yet on the TMC website. 

3.1.3. Comments from Intertek: 

3.1.3.1. IAR is trying to duplicate the methodology that SWRI used to generate their plots. 

3.1.3.1.1. This includes smoothing the data. 

3.1.3.2. They recently purchased the SAS JMP software. 

3.1.3.3. They have plotted (7) parameters thus far. 

 

4. STATISTICAL ANALYSIS OF N=21 PRECISION MATRIX DATA: 

 

4.1. Background: 
4.1.1. The statisticians repeated their analysis of the Precision Matrix data. 
4.1.2. This time they only used data from the independent laboratories. 
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4.1.2.1. This reduced the dataset down to (21) valid tests. 

4.1.3. Eliminating the dependent labs did little to change their conclusions. 

 

4.2. Slide #3: 

 

4.2.1. Separation between oils is being driven by two severe results with REO300. 

4.2.1.1. There is no statistical separation between oils if these two results are eliminated 

from the dataset. 

4.2.2. There are significant differences between Lab A and Lab B1. 

4.2.3. Precision for the dataset did not improve by eliminating the dependent labs. 

4.2.3.1. However, it did shift the AVLI for REO300 slightly higher and the AVLI for REO1012 

slightly lower. 

4.2.4. The main advantage of the N=21 dataset is that it has a slightly higher standard 

deviation between the highest and lowest oils. 

4.2.5. It is still a concern that two of the labs do not discriminate. 

4.2.6. Comments from Lubrizol: 

4.2.6.1. Lubrizol questioned why the Surveillance Panel is considering the exclusion of 

data from the dependent labs. 

4.2.6.1.1. The Precision Matrix results from the dependent labs have already been 

declared valid. 

4.2.6.1.2. The request to eliminate the dependent labs was not made at the AOAP 

because that panel has not yet reviewed any of the statistical presentations. 

4.2.6.2. Jim Linden requested this analysis on the behalf of Toyota during the January 25th 

face-to-face meeting in San Antonio. 

 

4.3. Discussion about Lab Discrimination: 
4.3.1. Lab A discriminates between REO300 and REO1012. 

4.3.2. Lab A and Lab B rank REO1011 differently. 

4.3.3. REO300 is always the highest wearing oil at Lab A and Lab B. 

4.3.4. Lab F and Lab G do not discriminate between oils. 
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5. UPDATE ON “POOR” PROOF-OF-PERFORMANCE OILS: 

 

5.1. Update from Exxon: 
5.1.1. Initial Test: 

5.1.1.1. They formulated a high wear oil specifically for the IVB test. 

5.1.1.2. The results from their initial test were promising. 

5.1.1.2.1. Average Intake Lifter Volume Loss = 2.83mm3 

5.1.1.2.2. Average Exhaust Lifter Volume Loss = 5.82mm3 

5.1.1.3. The exhaust lifter wear for this test was incredibly high. 

5.1.2. Repeat Test: 

5.1.2.1. Exxon attempted to repeat their initial test. 

5.1.2.2. They were forced to add oil due to timing chain rattle and excessive oil 

consumption. 

5.1.2.3. The engine experienced a camshaft lobe failure (intake lobe #2). 

5.1.2.4. The lab was, however, able to run the test until completion. 

5.1.2.5. This oil produced a lot of varnish on the valve deck area. 

5.1.3. Excessive Engine Wear: 

5.1.3.1. The high oil consumption during the repeat test may have been the result of 

excessive engine wear from the initial test. 

5.1.3.2. Could a high wear oil impact engine performance during future tests? 

5.1.3.3. Oil consumption can probably be tracked to monitor this issue. 

5.1.4. Comments from Intertek: 

5.1.4.1. IAR has an engine with (4) Precision Matrix runs and (1) proof-of-performance 

run. 

5.1.4.1.1. The proof-of-performance run used Lubrizol’s high wear formulation. 

5.1.4.2. This engine could be used to better understand whether high wear oils impact 

engine performance. 

5.1.4.3. They proposed the following options: 

5.1.4.3.1. OPTION #1: Intertek can send this (5) run engine to Exxon so that they can 

use it to evaluate Exxon’s high wear oil. 

5.1.4.3.2. OPTION #2: Exxon could send Intertek their high wear oil so that Intertek 

can evaluate it on the (5) run engine. 

5.1.5. Comments from Toyota: 

5.1.5.1. The Exxon stand successfully identified a poor performing oil. 

5.1.5.1.1. The iron and average intake lifter volume loss both showed discrimination 

[as compared to the reference oils]. 

5.1.5.2. The Sequence IVB was designed to generate oil degradation. 

5.1.5.3. Oil degradation can result in excessive wear throughout the engine. 

 

5.2. Update from Lubrizol: 
5.2.1. The repeat test at Intertek produced almost identical results to the original “poor” proof-

of-performance test at Lubrizol. 

5.2.2. The “poor” proof-of-performance oil does produce severe wear on the Sequence IVA 

test. 

5.2.3. Initial Test at Lubrizol: 

5.2.3.1. End of Test Iron = 134ppm 

5.2.3.2. Average Intake Lifter Volume Loss = 1.39mm3 

5.2.4. Repeat Test at Intertek: 

5.2.4.1. End of Test Iron = 147ppm 

5.2.4.2. Average Intake Lifter Volume Loss = 1.53mm3 

5.2.5. Comments from Toyota: 
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5.2.5.1. The Sequence IVA test does not have the oil degradation component of the 

Sequence IVB test. 

5.2.5.1.1. The Sequence IVB is more like the Sequence VE in terms of degradation. 

5.2.5.2. This is probably why the high wear Lubrizol oil passed the IVB but failed the IVA. 

5.2.5.3. Toyota is considering an iron pass/fail limit in addition to intake lifter volume loss. 

5.2.6. Comments from Intertek: 

5.2.6.1. The Lubrizol and Intertek tests repeated extremely well. 

5.2.6.2. The iron curves for both high wear tests match the typical iron levels for the 

REO1012 Precision Matrix tests at IAR. 

5.2.6.3. The Lubrizol oil generated slightly lower water levels than the REO1012 Precision 

Matrix tests at IAR. 

5.2.6.4. The ICP results indicate that the Lubrizol oil has low phosphorous and zinc levels 

(as they have previously mentioned). 

5.2.6.5. The Intertek test had a TAN-TBN cross-over at 125HRS, and the Lubrizol test had a 

TAN-TBN cross-over at 115HRS. 

5.2.7. Comments from General Motors: 

5.2.7.1. GM would like to better understand how the Lubrizol high wear oil performs on a 

Sequence IIIG oxidation test. 

5.2.7.2. The Lubrizol formulation may have a robust oil degradation package, and this 

could be reducing wear in the Sequence IVB. 

5.2.7.3. The fundamental question is whether the Lubrizol high wear oil will fail in the field. 

5.2.8. Comments from Toyota: 

5.2.8.1. Toyota agreed with General Motors. 

5.2.8.2. A strong anti-corrosion additive package could improve wear performance in 

the Sequence IVB or Sequence VE. 

5.2.9. Comments from Lubrizol: 

5.2.9.1. Is the Sequence IVB backwards compatible if its wear mechanism is different 

than the Sequence IVA? 

5.2.10. Comments from Toyota: 

5.2.10.1. REO1006-2 is a “borderline” oil on the Sequence IVA test and a “good” oil on the 

Sequence VE test. 

5.2.10.1.1. So, there is clearly a disconnect in oil performance between the two tests. 

5.2.10.2. Toyota chose to pursue a test that is more like the Sequence VE when they 

began development of the Sequence IVB. 

 

5.3. Update on 3rd “Poor” Proof-of-Performance Oil: 
5.3.1. IAR ran a 3rd high wear oil on one of their Precision Matrix stands. 

5.3.2. This oil had a 0W-16 viscosity and was formulated specifically to generate high wear on 

the Sequence IVB (much like the Exxon high wear oil). 

5.3.2.1. Phosphorous and zinc were in the 300-400ppm range. 

5.3.3. Results: 

5.3.3.1. Average Intake Lifter Volume Loss = 2.12mm3 

5.3.3.2. Average Exhaust Lifter Volume Loss = 1.09mm3 

5.3.3.3. The end-of-test iron was higher than it was for the REO300 Precision Matrix tests at 

IAR. 

5.3.3.4. The [unnamed] sponsor of this test was expecting a higher intake lifter volume 

loss result. 

5.3.4. Comments from General Motors: 

5.3.4.1. This high wear oil must have a robust anti-oxidant package like the Lubrizol high 

wear oil. 

 

5.4. Discussion about Proposed Iron Pass/Fail Parameter: 
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5.4.1. Comments from Afton: 

5.4.1.1. Iron can sometimes be a difficult parameter to use because its concentration is 

related to oil consumption. 

5.4.2. The statisticians stated that iron is the “least significant” of the parameters that they 

analyzed. 

5.4.3. Toyota stated that the iron limit can be discussed later. 

5.4.4. Comments from Intertek: 

5.4.4.1. The Surveillance Panel could add an engine hour correction factor to the iron 

parameter. 

5.4.4.2. The iron pass/fail limit would be a threshold value. 

 

5.5. Camshaft Lobe Failures: 
5.5.1. Toyota would like to include camshaft lobe failures as a pass/fail criterion for the 

Sequence IVB. 

5.5.1.1. A passing test must have no camshaft lobe failures. 

5.5.2. Comments from Afton and Exxon: 

5.5.2.1. How will a lab differentiate between a mechanically-induced lobe failure and a 

formulation-induced lobe failure? 

5.5.2.2. How will lobe failures be measured? 

5.5.2.2.1. Will the heel-to-toe distance be used? 

5.5.2.3. What happens if a lab catches a lobe failure before it becomes catastrophic? 

5.5.3. IAR and Lubrizol agree that lobe failures need to be more clearly defined. 

5.5.4. The consensus during the meeting was that more work needs to be done before lobe 

failures can be considered as a pass/fail parameter. 

 

6. ACTION ITEMS AND MOTIONS: 

 

6.1. Action Items Identified by Surveillance Panel Chair: 
6.1.1. This action item list was compiled during the 03-01-2018 and 03-07-2018 conference 

calls. 
6.1.2. ACTION ITEM #1: The Surveillance Panel is to further review the four anomalous 

operational parameters identified by Lubrizol (AFR, exhaust gas temperature, crankcase 

pressure and intake manifold pressure). 

6.1.3. ACTION ITEM #2: The statisticians are to perform an analysis on AFR, exhaust gas 

temperature, crankcase pressure and intake manifold pressure ramps. 

6.1.3.1. The goal is to determine whether these ramps correlate to test severity. 

6.1.4. ACTION ITEM #3: Lubrizol is to provide additional information to the Surveillance Panel 

regarding the anti-oxidant package in its “poor” proof-of-performance oil. 

6.1.4.1. Are there any Sequence IIIG test results available for this formulation? 

6.1.5. ACTION ITEM #4: IAR is to request additional information from the sponsor of the 

2.12mm3 high wear candidate oil. 

6.1.5.1. This information will be provided to the Surveillance Panel. 

6.1.6. ACTION ITEM #5: The statisticians are to perform an analysis of oil discrimination with 

respect to iron. 

6.1.6.1. End-of-test iron and the rate-of-change of iron during the test will both be 

considered. 

6.1.6.2. Results from the 2nd Precision Matrix will be used. 

6.1.7. ACTION ITEM #6: The statisticians are to investigate the viability of an engine hour 

correction for iron. 



Page 8 

6.1.7.1. End-of-test iron and the rate-of-change of iron during the test will both be 

considered. 

6.1.7.2. Results from the 2nd Precision Matrix will be used. 

6.1.8. ACTION ITEM #7: The Surveillance Panel is to clearly define a camshaft lobe failure. 

6.1.8.1. This definition needs to be added to the Sequence IVB draft procedure. 

6.1.9. ACTION ITEM #8: The TMC is going to investigate whether reference oil suppliers will be 

willing to provide new and used calcium data for REO300, REO1012 and REO1011. 

6.1.10. ACTION ITEM #9: The reference oil calcium data will be provided to the statisticians for 

analysis (pending approval by the TMC). 

6.1.11. ACTION ITEM #10: The statisticians are to develop an LTMS system for the Sequence IVB 

test. 

6.1.12. ACTION ITEM #11: The Surveillance Panel will review (and eventually vote to approve) 

the proposed LTMS system. 

6.1.13. ACTION ITEM #12: The Surveillance Panel will review and update Appendix K for the 

Sequence IVB Test. 

 

6.2. Motion to Approve the Sequence IVB Test: 
6.2.1. There was a lot of debate regarding the wording of this motion. 

6.2.2. FINAL MOTION: “The Sequence IV Surveillance Panel, having secured hardware supply, 

test fuel and reference oils for a test procedure that measures the performance of 

passenger car motor oil for low temperature engine wear, recommends to the Passenger 

Car Engine Oil Classification Panel, the Auto Oil Advisory Panel and the American 

Chemistry Council that the Sequence IVB test is ready for inclusion in ILSAC GF-6 and that 

the Sequence IVB procedure be published as an ASTM method.  Realizing that the test 

parameters (AVLI and Fe content) need to be finalized and the LTMS still needs to be 

developed.” 

6.2.3. This motion was made by Toyota and seconded by Ford. 

6.2.4. The motion passed: 11 approvals, 2 negatives, 8 waives 

6.2.5. Approving votes: OHT, IAR, General Motors, Toyota, TEI, Total, Haltermann, Honda, Ford, 

Nissan and Chrysler 

6.2.6. Negative votes: Lubrizol and BP 

 

Action Items Person responsible Completion Date 

   

   

   

 

Follow-up Notes/Updates Initials Date Added 

   

   

   

 

 Attendees Organization Contact Information 
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 Attendees Organization Contact Information 

   

   

 












































































































































