Sequence IV Surveillance Panel | MINUTES

REVISION DATE: 10/20/2017 8:35:00 PM

Relevant Test: Sequence IVB

Note Taker: Chris Mileti

Meeting Date: 10-16-2017

Comments: This Surveillance Panel conference call was scheduled fo review the agenda itemns

that were not completed during the 10-12-2017 conference calll.

1. DISCUSSION ABOUT 10-12-2017 OPERATIONAL DATA REVIEW:

1.1. Differences in Exhaust Temperature:
1.1.1. Lubrizol feels that the differences in exhaust temperature between labs and stands is
significant.
1.1.2. Intertek’s Comments:
1.1.2.1.  Intertek replaced and calibrated the exhaust gas thermocouples on all four of
their test stands.
1.1.2.1.1. The original thermocouples had heavy carbon deposits.
1.1.2.2.  They have previously not calibrated exhaust thermocouples using a temperature
bath,
1.1.2.3.  They plan to use temperature baths for ali future calibrations.

1.2. Laboratory Update from Exxon:
1.2.1. They will reprogram their intake air pressure parameter with the correct set-point.
1.2.2. They replaced the blowby flow meter on their stand.
1.2.3. They plan to install the correct blowby barrel check valve.
1.2.4. The work to collect OBD-Il parameters is sfill in progress.
1.2.4.1.  The Surveillance Panel gave Exxon permission to run their Precision Matrix tests
without having the OBD-Il channels in place.
1.2.5. A new test kit has been installed in their engine, so they are ready for the next prove-out
test.

1.3. Laboratory Update from Lubrizol:

1.3.1. The REO1012 prove-out test is running.
1.3.1.1.  Lubrizol plans to replace its exhaust thermocouple atter the 150HR oil check.
1.3.1.2.  The purpose of this replacement is to see if a new thermocouple results in a shift

in the temperature measurements.

1.3.2. Intertek cautioned Lubrizol to check the male connector on the new thermocouple.
1.3.2.1. The screws have been loose on some of their new exhaust thermocouples.

1.3.3. Lubrizol is using its current REO 1012 prove-out test to evaluate different oil temperature

control strategies.

1.4. Laboratory Update from Southwest:
1.4.1. They adjusted the PID tuning on their engine coolant temperature parameters.
1.4.2. They are still investigating their exhaust backpressure control issues,
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1.42.1. 'Intertek recommended that Southwest check the bulkhead fittings on their
pressure transducers.

1.5. Oil Temperature Control:
1.5.1. Qil gallery temperature control is not as good as it should be.
1.5.2. Intertek’s Comments:
1.5.2.1.  They made modifications to their Golden Stands (1-2 years ago) to improve the
control of this temperature.
1.52.2.  This included installing an external fan on the oil heat exchanger.
1.523. They also increased the water pressure to the oil heat exchanger so that it is
approximately 22psi at the outlet.
1.5.2.3.1. This was done by installing a booster pump.

1.5.2.3.2. They used the 3/4HP pump used on the rocker arm coolant system of the
Sequence VG stand.

1.5.3. Lubrizol and Southwest both feel that the Intertek upgrades should be incorporated into
the Golden Stand.

1.5.4. Infact, arecent statistical study at Southwest suggests that there may be a correlation
between REO300 severity and the oil gallery temperature.
1.5.4.1.  Higher oil gallery temperatures cormrelate to lower intake lifter wear.

1.6. Coolant Flow Schematic for Exxon's Golden Stand:

I.6.1. Exxonis experiencing a surge in their engine and rocker arm cover coolant flows late in
the test cycle.

1.6.2, They believe that this surge may be related to their coolant plumbing.
1.62.1.  The new Golden Stands at Exxon and Afton are not plumbed in the same way as
the older stands at Intertek, Southwest and Lubrizol,
1.6.3. The key coolant system hardware (i.e. pumps, flow meters, valves, etc.) gppear to be in
the same location on both the new and old Golden Stands.
1.6.3.1.  However, the plumbing lengths are likely very different on the new stands.

1.7. QI Limits for Coolant Outlet Temperature:
1.7.1. The Surveilance Panel decided to utilize a separate target and window for each stage.
1.7.2. Official Motion for Coolanf Temperature QI Strategy:
1.7.2.1.  “Setseparate Stage 1 and Stage 2 targets and windows for the engine coolant
{outlet) temperature QI calculation, with a target of 51.5°C and a window of +0.75°C
for Stage 1 and a target of 52.75°C and a window of +0.75°C for Stage 2. Transition
data will not be used in the engine coolant temperature (outlet) QI calculation.”
1.7.22.  Aftonrequested that a footnote be added to the procedure to specify how the
control point and the QI targets are different.
1.7.3. Vole:
1.7.3.1.  The motion was made by Lubrizol and seconded by Intertek.

1.7.3.2.  Approving votes: Intertek, TMC, Shell, Toyota, Lubrizol, Afton, Southwest, Infineum,
Exxon

1.7.3.3. Waiving votes: OHT, Chevron, TEI
1.7.3.4.  This motion was approved {9-0-3).

1.7.4. The Surveillance Panel will eventually have to go through the same process for the oil
temperature QI limits.

2, KEYENCE VERSUS PDI MEASUREMENTS:
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2.1.Background:
2.1.1. This material was presented by J. Martinez.
2.1.2. Flle name: “IVB Keyence and PDI Correlation Analysis 101017"

2.2.Slide #3:

Conclusions and Recommendation

¢ Conclusions are valid in the range of 1.2-2.8 mm3 Intake

Lifter Volume Loss as measured by Keyence with Talc

® Keyence measurements are highly correlated with PDI
measurements.

- KC)'CI’]CC measurements are correlated with Mass Loss.

Recommendation:

¢ PDI lifter area loss and lifter z diff wear measurements, as
well as the lifter mass loss measurements, can be eliminated.

2.2.1. The statisticians analyzed Keyence measurements that were collected both with and
without talc.

2.2.2. They identified a strong correlation between the Keyence volume loss measurements
and the PDI area loss measurements,

2.2.3. They also identified a correlation between the Keyence volume loss measurements and
the mass loss measurements.

2.2.4. The statisticians did caution that their analysis was done using Keyence data that
ranged between 1.2-2.8mm3,

2.2.4.1. Their analysis may no longer be valid if the severity of the test shifts outside of this
range in the future.
2.2.5. They recommend eliminating the PDI area loss and mass loss measurements.

2.3.8lide #4:
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2,3.1. Thereis a “little bit of scatter” in the mass loss measurements, so the cormrelation
between the Keyence and mass loss is not as strong as the correlation between the
Keyence and the PDI,

2.4.5lide #5:

Exhaust Lifter
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2.4.1. Thereis alsc a high correlation between the Keyence and PDI data for the exhaust

lifters.
-
2.5.Slide #10:
iCerrelations = Scatterplot Matrix
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2.5.1. The statisticians have identified wear trends with lifters from g given position in the
engine.

2.5.2. For example, there is the most scatterin the mass loss data for lifter position #4.

2.5.3. This fifter position also has the lowest correlation between the Keyence and PDI
measurements.

2.5.4. Afton asked whether the mass loss gives better discrimination than the volume loss.

2.5.4.1.  The statisticians will run this analysis.

2.5.5. Aftonis comfortabie with removing the PDI measurements, but they would like to wait

to remove the mass loss measurements until the stafisticians can review the data.

2.6. Motion to Remove PDI Data:

2.6.1. “The Surveillance Panel! agrees to eliminate PDI area loss and z-diff as lifter wear
measurement requirements for the Sequence IVB test procedure, based on the statistical
correlation analysis between the Keyence volume loss and PDI area loss and z-diff wear
measurement parameters. This will be effective on 10-16-2017."

2.6.2. Intertek made the motion and it was seconded by Lubrizol.

2.6.3. Vole:

2.6.3.1.  Approving votes: Intertek, TMC, Chevron, Toyota, Lubrizol, Afton, Southwest,
Infineum, Exxon

2.6.3.2. Waive votes: OHT, Shell, TEI

26.3.3. The vote passed (9-0-3).

2.6.4. The TMC will not finalize the new IVB report forms until a decision is made on the mass
loss measurements.
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2.6.5. Intertek recommended removing all the summation fields (for the metrology
measurements) from the test report.

2,6.5.1.

There were no objections from the Surveillance Panel.

3. ADDITIONAL PLOTS FOR IVB DISCUSSION (SOUTHWEST):

3.1. This material was presented by Travis Kostan.

3.2.Slide #3:

TAN &TBN
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3.2.1. The Lubrizol oil analysis data from their first (REO300) prove-out test is incomplete.

3.2.1.1.

3.3.Slide #6:

Lubrizol agreed to send out an update shortly.
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Fuel Dilution Plot
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3.3.1. There are differences in fuel dilution between the tests.
3.3.1.1.  The fuel dilution at Lubrizol and Southwest is similar.
3.3.2. There was a lot of discussion regarding whether these fuel dilution differences are real or
an grtifact of measurement technique.
3.3.3. Intertek and Southwest oil analysis round-robin:
3.3.3.1.  Southwest and Intertek have already exchanged end-of-test oil samples to
compare analysis results.

Fuel Dilution Scmiple #1 Sample #2
Intertek 11.1% 10.1%
Southwest 7.9% 7.8%

3.3.3.2. This fuel dilution comparison indicates that measurement technique is
contributing to lab-to-lab fuel dilution differences.
3.3.4. Shell asked whether there are any time limits on the fuel dilution measurements.
3.3.4.1. Intertek said that there are no time limits in the fuel dilution measurement
procedure.
3.3.42. Shell believes that some of the light ends of the fuel may volatize out of the
sample over time.

3.4. Oil Temperature vs. Volume Loss (Slides #7 and #8):
3.4.1. The R? between cil sump temperature and volume loss is 0.450.
3.4.2. The R? between oil gallery temperature and volume loss is 0.520.
3.4.3. Intertek, Southwest and Lubrizol agreed that all the test stands should be modified to
improve oil temperature control before any more tests are run.
3.4.3.1. These modifications involve installing a blower and booster pump on the external
oil system.
3.43.2.  Allfour Intertek stands have had this improvement in place since 2014.
3.4.4. Toyota already suspected that the oil temperature could drive severity.
3.44.1. They agree that the problem should be fixed.
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3.5.TAN-TBN Cross-Over:
3.5.1. The two San Antonio labs have a TAN-TBN cross-over with REO10] 2 that is about 25HRS
apart,
3.5.2. Is this due fo the measurement technique?

3.6.Kinematic Viscosity at 40°C:
3.6.1. The KV40 data is similar for all the laboratories.
3.6.2. This supports the assertion that the fuel dilution differences are due to measurement
technique.

4. NEXT STEPS:

4.1.Update to Precision Matrix Design:
4.1.1, The statisticians kept the number of runs the same but updated the run order.
4.1.2. They also added the supplemental tests from the three dependent laboratories.
4.1.3. The statisticians reserve the right to change the run order of the supplemental tests if
needed.

4.2.Toyota’s Comments Regarding Timing:
4.2.1. The Industry is at a point where it is considering delaying GF-é because of GF-5+.
4.2.2. Any further delays with the Sequence IVB will create serious problems in the Industry.
4.2.3. They propose the following:
4.23.1. -Keep working on the oil gallery temperature control issues.
4.2.3.2. Use the one “"good” Southwest stand in the Precision Matrix.
423.3. Use four of Intertek’s stands instead of three.
4.234. The exira Southwest stand can be added later if it becomes viable.,
4.2.4. Afion’s Comments:
4.2.4.1.  This group needs to proceed cautiously if it is going to pick and choose test
stands,
42.4.2. They are concerned that the most severe test stand has the highest water.
4.2.5. Lubrizol's Commentis:
425.1. Lubrizol agreed that Afton has valid concerns.
4.25.2.  Lubrizolis also concemed about proceeding with the Precision Matrix before i
the stands have had the oil temperature control improvements implemented.
4.2.53. To address the concemns of Afton and other members of the Surveillance Panel,
Lubrizol will update its Golden Stand with the latest oil temperature control upgrades
as soon as its current test completes.
4.2.5.3.1, This will allow Lubrizol to provide the Surveillance Panel with a set of results
for REO300 and REO 1012 both with and without the tighter temperature confrols.
4.2.54. Lubrizol still must break-in its Precision Matrix engine, so the fime necessary to add
the oil temperature control modifications will likely limit Lubrizol to {2) Precision Matrix
tests instead of the 3-4 previously planned tests.
4.2.6. Intertek’s Comments:
4.2.6.1. Intertek confirmed that they will have {4) stands ready to start the Precision
Matrix tomormrow.
4.2,6.2. Their 4 stand will be Stand #165.
4.262.1. This stand will be used “as a last resort”,
4.2.6.2.2, This was the stand with the high water content.
4.2.7. Exxon’s Commenis:
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4.2.7.1.  Exxon asked why the one Southwest stand is being removed from the Precision
Matrix and what needs to be done to get that stand back in.
4.2.7.2. Exxonis concemed that removing the one Southwest stand will imit the amount
of data available for a lab-to-lab statistical comparison.
4.2.7.3. Southwest stated that there is a difference in performance between their two
stands and they need to determine why.
4.2.7.4. Southwest is willing to provide Stand #20 as a 2™ Precision Matrix stand.
4.2.8. Afton’s Comments:
4.2.8.1. Wil there be a planned pause during the middle of the Precision Matrix to review
the results and operational data?
4.2.8.2. Toyota stated that there are no plans to pause the Precision Matrix.
4.28.3. They will reconsider this if a major problem is encountered.
4.2.9. Lubrizol’'s Commenis:
4.2.9.1.  Will the AOAP be looking for a vote from the Surveillance Panel before the
Precision Matrix is restarted?
4.2.9.2. Toyota stated that there will be no vote.
4.2.9.3. They are funding the Precision Martrix privately, so it is not attached to the MOA.
4.2.10.TMC’s Comments:
4.2.10.1. They requested that dll the labs complete their missing data transmission
requirements.
4.2.10.2. Itis important that all this data is posted since the Precision Matrix will be
restarting.

4.3.Forward Action Plan:

4.3.1. Southwest will make two stands available for the Precision Matrix (Stand #18 and Stand
#20).

4.3.2. Intertek will have Stand #1645 available as a back-up in case it is needed.

4.3.3. Southwest, Lubrizol and Exxon will update their stands with the latest oil temperature
control hardware as soon as possible.

4.3.4. Intertek will start the Precision Matrix immediately.

4.3.5. Southwest will start the Precision Matrix as soon as its two stands are modified.

4.3.6. Lubrizol and Exxon will be delayed because they must break-in their Precision Matrix

engines.
kG atioms Pemson responsible | Complation Date
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