Sequence IV Surveillance Panel | MINUTES

REVISION DATE: 10/19/2017 9:50:00 AM

Relevant Test: Sequence IVA and IVB

Note Taker: Chris Mileti

Meeling Date: 10-12-2017

Comments: This was o conference call meeting.

1. SEQUENCE IVB PROVE-OUT DATA ANALYSIS:

1.1.Background:

1.1.1. File name: Sequence IVB Prove-Out Data Analysis 101117.pdf
1.1.2. This document was compiled by the Statistics Group and presented by J. Martinez.

1.2.8lide #3:

Summary

* 9 Prove-out data
* lLabs

— |AR: 2 stands

— SwRI: 2 stands

— Lz: I stand

— XOM: 1 stand
Qils

— 1012 (5W-20): 2 tests
— 300 (5W-30}: 7 tests

Given limited data on Volume Loss with talc, oils
marginally differentiate

1.2.1. This analysis was done relatively quickly, so the Statistics Group has not had time to
discuss this presentation at length.

1.2.2. The analysis contains data from {9} prove-out tests.
1.2.3. The p-value for oil discrimination is marginal.

1.3.Slide #5:
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1.3.1. The fitle from this slide should be changed from “Area Loss" to “Volume Loss”.
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1.3.2. The lab difference is more significant than the oil difference.

1.3.3. The stafisticians ranked the significance of key differences as follows:

1.33.1. Lab Difference (most significant)
1.3.3.2. Stand Difference
1.3.3.3. Oil Difference (lease significant)
1.3.4. The left and right columns on this slide used different models with different degrees of
freedom.
1.4.5lide #7:

Intake Lifters Volume Loss

L2 ]

m

300> 1012 (p=0.13 or 0.09)

1.4.1. Interfek’s Commenis:

1.4.1.0.
1.4.1.2.

It appears that precision with REO300 has degraded.
The reason for this degradation is unclear.
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1.4.1.3.  Three of the prove-out matrix stands {one stand from Intertek, Southwest and
Exxon} operated in a similar manner.
. One of the prove-out matrix stands (Intertek) is more severe than the others.
. Two of the prove-out matrix stands {Southwest and Lubrizol) are milder than the
others.
1.4.2. Toyofa’s Comments:
1.4.2.1.  Toyota has been working with Interfek and Southwest to develop a procedure
and standardize test performance.
1.422. They expect REO300 to deliver an average intake lifter volume loss of 1.5-2.0mm3.
1.42.3. They would like to stick with the two independent laboratories to set targets
during the Precision Matrix.
1.4.3. Affon’s Commenfs;
1.4.3.1.  The statistical data shows lab differences.

1.
1.

[S 20N

|.4.
|.4.

1.5. Lifter Crown:
1.5.1. Intertek and Toyota have discussed the issues regarding lifier crown.
1.5.2, There is some concern that relaxing the lifter crown tolerances was a mistake.

2. OPERATIONAL DATA REVIEW:

2.1.Background:
2.1.1. Kevin O'Mdlley led the operational data review,
2.1.2. There was no presentation to accompany this review (the data was displayed using his
statistical software).

2.2. Air-to-Fuel Ratio:
2.2.1. The AFR measurements between Interiek and Lubrizol look similar.
2.2.2. The AFR measurements between Southwest and Exxon look similar.
2,2.3. Lubrizo! cautioned that the AFR measurements can be extremely misleading.
2.2.3.1. The data acquisition system at each lab may react differently to the AFR
measurement as the sensor saturates.
2.2.4. Exxon noted that the peak AFR will be heavily influenced by the speed ramps.
2.2.4,1. Bxxon and Southwest have less variability in their AFR measurements than the
other two labs.
2.2.5. Intertek noted that the differences in fuel dilution at each lab do not correlate to the
AFR measurements.

2.3. Humidity:
2.3.1. Southwest may have had a problem with their humidity system during the time that the
data was captured.

2.4.Blowby Flow Rate and Crankcase Pressure:

2.4.1. The blowby check valve on Exxon's stand malfunctioned during this test.
2.4.1.1. The check valve has since been replaced.

2.4.2. The blowby fiow rates are similar at both Intertek and Southwest.

2.4.3. The blowby flow rate at Lubrizol is generally lower than at the other laboratories.
2.43.1. The Lubrizol lab also tends to have a lower crankcase pressure (especially in

Stage 1).
2.4.4. Intertek Stand #102 has a lot of noise in its crankcase pressure measurement.
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2.5. BMEP:

2.5.1. There is an offset between the calculated BMEP parameter at Lubrizol and that of the
other labs.

2.6.Engine Coolant Temperature Differential:
2.6.1. The temperature differential is very similar between the four laboratories.

2.7.Engine Coolant Temperature (Inlet):
2.7.1. There is alot of variability in this measurement between the various Southwest tests.
2.7.1.1.  Southwest noted that they have not changed their PID coefficients since the
confrol point was changed from the inlet to the outlet of the engine.
2.7.2. Ingeneral, the coolant inlet temperatures at Southwest and Lubrizol are warmer than at
the other two laboratories.

2.7.3. Intertek noted that coolant temperature differences have played a role in unexplained
severity shifts with the Sequence IVA test.

2.8. Engine Coolant Temperature (Outlet):
2.8.1. Lubrizol is more like Intertek in terms of the outlet temperature.

2.9.Engine Coolant Flow:
2.9.1. Bxon has encountered a lot of noise issues with this parameter.

2.9.2. Infertek suggested that power supply changes to the Golden Stand could improve
conirol at all the iabs.

2.10. Exhaust Backpressure:

2.10.1. Lubrizol continues to struggle with this parameter {especially when there are drastic
weather changes).

2.10.2. The backpressure measurements at Intertek and Southwest are more similar than they
have been in the past.

2.10.3. The Southwest stands have different exhaust backpressure measurements under Stage
1 conditions.

2.10.3.1. These differences cannot currently be explained.
2.10.3.2. The Stage 1 backpressure on these stands does not match the barometric

pressure,
2.11. Exhaust Gas Temperature:
2.11.1. Lubrizol feels that the differences in exhaust gas temperature from lab-to-lab and stand-
to-stand are significant.
2.11.1.1. Differences in exhaust gas temperature can be an indication of different cylinder

head temperatures.
2.11.2. Intertek noted a significant difference in the exhaust gas temperature between Stand
102 and Stand 165.
2.11.3. Infertek’s Comments on the Exhausf Blower:
2.11.3.1. Could the blower be playing a role in these femperature differences?
2.11.3.2. The blower was used as a safety device on the Sequence IVA stand.
2.11.3.3. Nissan was worried that excessive exhaust pipe tfemperatures could damage the
OXygen sensor.
2.11.4. Afton's Comments:
2.11.4.1. Itis unlikely that a blower can cause 50°C temperature differences in the exhaust
gas.
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2.12, Engine Speed:
2.12.1. Lubrizol’'s Comments:
2.12.1.1.  Lubrizol finally fixed the 0.5-1.0 second lag in its speed ramps.
2.12.1.2. The throttle control was upgraded to a 100Hz cRio controller.
2.12.1.3. Lubrizol can now achieve QI values of around 0.6-0.8.

2.13. Intake Manifold Pressure:
2.13.1. There are big differences in the intake manifold pressure between the four laboratories.
2.13.2. Lubrizol feels that these big differences in manifold pressure cannot be explained by the
subtle differences in engine speed.
2.13.2.1. The lab-to-lab differences in this parameter also do not match the severity
differences seen in the test resulls.

2.14. Fuel Temperature and Pressure:
2.14.1. There were no significant differences between the labs or stands in terms of fuel
temperature and pressure.

2.15. Intake Air Pressure:
2.15.1. Intertek struggles with this parameter.
2.15.1.1.  They have had to resort o aggressive tuning.
2.15.2. All labs use very different control strategies for intake air pressure.
2.15.3.The increase in the intake air pressure set point has significantly reduced the frequency
of labs experiencing a vacuum in their air cleaner box.
2.15.4. Exxon needs to change their intake air pressure set-point to 0.25kPa.

2.16. Qil Gallery Pressure:
2.16.1.The cil gallery pressure has become very consistent between labs and test stands.
2.16.1.1. This shows that the recent cil aeration problem has been resolved.
2.16.2. There are still subtle differences between labs.
2.16.2.1. The oil pressure curves from Exxon and Lubrizol look different than the oil pressure
curves from Intertek and Southwest (especially during the Stage 12 Transition).

2.17. Oil Gallery Temperature:
2.17.1.The small differences between stands may be due to ambient conditions.
2.17 2. Intertek suggested that oil pan insulation could help improve the control of this
parameter.

2.18. Rocker Cover Coolant Temperature (Inlet):
2.18.1.There is a lot of noise in the measurement from Intertek Stand 102.

2.19. Rocker Cover Coolant Temperature (Outlet):
2.19.1.There are differences between labs, but these differences in temperature do not align
with differences in severity.
2.19.2, Southwest and Intertek have more noise in this measurement than Lubrizol or Exxon.

2.20. Qil Sump Temperature:
2.20.1. Lubrizol's oil sump temperature curve is moving in the opposite direction as the curves
from the other labs during the last 15-seconds of the test cycle.
2.20.2. The two tests conducted at Southwest on the same test stand have different oil sump
temperatures.
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2.20.3.The laboratories agree that the oil sump thermocouple should be fully submerged with
the larger initial oil charge.
2.20.4. The oil sump temperature of the northem labs is about 5°C cooler than that of the San
Antonio labs.
2.20.5. Temperature conirol at dependent labs:
2.20.5.1. Lubrizol's Golden Stand is not in a test cell, but the laboratory is temperature
confrolled. ‘
2.20.5.2. Bxxon's Golden Stand is in a test cell that has heat control but no air
conditioning.
2.20.5.2.1.  The fanin their test cell turns over a large volume of air.

2.21. Torque:
2.21.1. All the labs have made drastic improvements in their torque control.

2.22. Rocker Arm Cover Coolant Flow:
2.22.1. Exxon’s Comments:

2.22.1.1. Their coolant flow experiences a small “bump" approximately 20-seconds into
the test cycle.

2.22.1.2. The Afton and Exxon stands use similar plumbing for their rocker arm cover
coolant flow.

2221.2.1.  Afton will check their test stand fo see if they experience a similar “bump”
in the flow measurement.

2.23. Blowby Gas Temperature:
2.23.1. Intertek Stand 165 experiences more variability in this measurement than their other
stands.

2.24, Temperature of Blowby Oll Separator:
2.24.1. Infertek is the only laboratory that is using a thermocouple inside of the oil separator.
2.24.2. Southwest has a thermocouple inside of the cross fitting underneath the oil separator.

2.25. Absolute Throttle Position:
2.25.1. Lubrizol's speed ramps are almost identical to those of the two San Antonio
laboratories, but its absolute throttle position is very different.
2.25.2. Intertek and Lubrizol confirmed that their throftle linkages are approximately the same
length.

2.26. Oxygen Sensor Voltage:
2.26.1.The oxygen sensor voltage at all the labs is between 0-1V (which is where the sensors
should be operating).

2.27. Short Term Fuel Trim (STFT):
2.27.1.There is very litle movement in the data from the Intertek stands.
2.27 2. Intertek will confirm that they are pulling data from the comrect channel.

2.28. Open Discussion:
2.28.1. Intertek was surprised by Lubrizol's mild result with REQ300.
2.28.1.1. The iron data from Lubrizol's test indicated that the result should have been
around 1.50mm?3.
2.28.2. Exxon’s Comments:
2.28.2.1. They will change their intake air pressure set-point to 0.25kPa.
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2.28.2.2. They will investigate the anomaly in their engine and rocker arm cover coolant
flows.
2.28.2.3. They will check their blowby flow meter.
2.28.3. Southwest's Comments:
2.28.3.1. They will check the exhaust backpressure control on their test stands.
2.28.4. Infertek’s Comments:
2.28.4.1. They are concemned by the differences in blowby gas temperature.
2.28.5. Comments from Lubrizol and Afton:
2.28.5.1. Lubrizol is concerned by the large differences in exhaust gas temperature
between labs and test stands.
2.28.5.2. Lubrizol will conduct an experiment with its REO1012 test (that is running) to
determine if the magnitude of the exhaust temperature measurement is influenced
by the age of the thermocouple.
2.28.5.3. Aftonis concerned about the differences in the slopes of the exhaust gas
temperatures.
2.28.5.3.1. They requested that each lab confirm the insertion depth of their
thermocouples.
2.28.6. Stand Vibration:
2.28.6.1. Afton questioned whether vibration can be impacting stand vibration.
2.28.6.2. Lubrizol noted that there was extensive work done to measure the vibration of
each Golden Stand in the industry.
2.28.6.2.1. The results were inconclusive.
2.28.7. Lifter Wear vs. Lifter Posifion:
2.28.7.1. Aftoninquired whether the Surveillance Panel has looked at the distribution of
lifter wear from the front to the back of the engine.
2.28.7.2. Lubrizol agreed that it would be useful to analyze the lifter wear vs. position data.
2.28.7.2.1.  Anunusually severe lifter (i.e. Lifter #2) can skew the results for an entire
test.
2.28.7.22. Does the wear profile, from the front to the back of the engine, look the
same at each laboratory?

2.29. Lifter Profile/Crown:
2.29.1. The decision was made at the recent Metrology Workshop to relax the acceptability
criteria for lifter crown,
2.29.1.1. Intertek and Toyota now believe that relaxing these acceptability limits may
have been a mistake.
2.29.1.2. They would like to reinstitute some type of lifter prescreening.
2.29.2. Afton is not opposed to prescreening these lifters, but they would like it o be done
before the hardware is shipped to the labs.
2.29.2.1. OHT will consider options for performing this screening.
2.29.3. Lubrizol’'s Comments:
2.29.3.1. Lubrizol does not believe that the lifter profile is a significant driver of test severity.
2.29.3.2. Lubrizol also believes that it will be difficult for OHT to efficiently screen lifter
profiles without an expensive metrology instrument like the Keyence.
2.29.3.3. Lubrizol will determine a way to use the existing Keyence pre-test measurements
to monitor crown.

3. QUALITY INDEX CALCULATIONS - COOLANT TEMPERATURE AT ENGINE OUTLET:

3.1.Background:
3.1.1. Travis Kostan presented this material.
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3.1.2. File name: IVB_TEngineCoolantOuiQi.ppt

3.2.Slide #3:

How to Control Coolant Temp Out

This parameter behaves cyclically. Two options to use Qls are:

1. Have a single target and window for all data.
2. Have separate stage 1 and stage 2 targets and windows.

Though the first option is certainiy the easiest, it does not allow us to control the
“swing” between stage 1 and 2. I$ a test that swings very little around 52C the same
as a tests we are running now?
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3.2.1. The coolant outlet temperature behaves cyclically.
3.2.2, There are two options to calculate the Q.
3.2.2.1. Option #1 - Utilize a single target and window of the entire cycle.
3.2.2.2. Option #2 - Utilize separate targets and windows for Stage tand Stage 2.

3.3.Ql Option #1 - Slide #9:

Engine Coolant Temp Qut QI | Wi e
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3.3.1. Kostan evaluated three different window sizes for Option #1.
3.3.2. It will be difficult for laboratories to achieve QI values around 0.9 because the
temperafure swings drastically over the test cycle.
3.3.2.1. One option to mitigate this is to use a very wide window.

3.4. Ql Option #2:

3.4.1. Utilizing two separate windows/targets will result in higher QI values.
3.4.2. Asimilar approach could also be used for the oil gallery temperature.

3.5. The Surveillance Panel convened the conference call without deciding on this issue.
3.5.1. This topic will be revisited in the next conference calll.

Ziflan tems Person (o panzible ComplehonDaie
Follow-up Noies/U_pdaies Initials Date Added
Aftendees Organization Contact Information

§See attached list.

Page 9



L ® N s kW N =

e e e T
w N = O

Sequence IV Surveillance Panel
Conference Call
October 12, 2017
8:30 am. - 11:30 a.m.

AGENDA

Prove-out testing statistical analysis review

Prove-out testing oil analysis review

Prove-out testing operational data analysis review
Precision and oil discrimination degradation discussion
Engine coolant out temperature Qi target and limits review
Keyence, PDI and mass loss correlation analysis review
Precision matrix design review

Sequence IVB next steps

Sequence IVB timeline review

Previous action item review

Motion and action item review

Next meeting

Adjourn
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Fax No.:  412-365-1047

Email: jac@astmtme.cmu.edu

Coker, Carlton

Intertek Antomotive Research

5404 Bandera Road

San Antonio, TX 73238-1993

Phone No.: 210-647-9473 or 210-643-1817 cell
FaxNo.:. 210-523-4607

Email: carlton.coker@intertek.com

Collins, Chet

Sonthwest Research Institute
6220 Culebra Road

P.Q. Drawer 28510

San Antonio, TX 78228-0510
Phone No.: 210-522-

Fax No.:

Email: chet.collins@swri.o;g

Dwvorak, Todd

Atfton Chemical Corporation
500 Spring Street

P.O. Box 2158

Richmond, VA 23217-2158
Phone No.: 804-788-
FaxNo.:  804-788-6358

Email; todd. dvorak@aftonchemical.com

Farnsworth, Gordon

\

Infineum USA L.P.

1900 E. Linden Avenue
Linden, NJ 07036-0536
Phone No.; 570-934-2776
FaxNo.: 908-474-3637

Email: gordon. farnsworth@infineum.com

\
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NAME

COMPANY-ADDRESS-PHONE-FAX-EMAIL

SIGNATURE

Hirano, Satoshi

Toyota

Phone No.:
Fax No.:

Email: satoshi_hirano aa@mail.toyota.co.jp

L

Knight, Clayton

Test Engineering, Inc.

12718 Cimarron Path

San Antonio, TX 78249
Phone No.: 210-862-5987 cell
FaxNo.: 210-690-1959

Email  cknight(@tei-net.com

Kostan, Travis

Southwest Research Institute
6220 Culebra Road

P.Q. Drawer 28510

San Antonio, TX 78228-0510
Phone No.: 210-522-2407
FaxNo,: 210-684-7523

Email: fravis kostan(@swri.or

Lang, Patrick

Southwest Research Institute

6220 Culebra Road

P.O. Drawer 28510

San Antonio, TX 78228-0510

Phone No.: 210-522-2820 or 210-240-9461 cell
Fax No.:  210-684-7523

Email: @trick.lang@wrg'.o;g

Levereit, Charlie

Infineum

Phone No.:
Fax No.:

Email: charlie levereti@yahoo.com

Linden, Jim

Linden Consulting LLC
673 Campus Road
Rochester Hills, MI 48309
Phone No.: 248-321-5343
Fax No.:

Email; lindeniim@jlindenconsulting. com

Lochte, Michael

Southwest Research Institute
6220 Culebra Road

P.O. Drawer 28510

San Antonio, TX 78228-0510
Phone No.: 210-522-5430
Fax No.: 210-684-7523

Email; michael.lochte@smi.org

Lopez, Al

Intertek Automotive Research

5404 Bandera Road

San Antonio, TX 78238-1993

Phone No.: 210-647-9465 or 210-862-7935 cell
FaxNo.:  210-523-4607

Email: al.lopez@intertek.com
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Martinez, Jo

Chevron Oronite Company LLC
180 Chevron Way, 71-7548
P.O. Box 1627

Richmond, CA 94802-0627
Phone No.: 510-242-5563
FaxNo..  510-242-1930

Email; jggartine@chgxron!oog

Matasic, James

L

Lubrizol Corporation
29400 Lakeland Blvd.,
Wickliffe, OH 44092
Phone No.: 440-347-2487
Fax No.:

Email: James. Matasic@Lubrizol.com

McMillan, Mike

5019 Deer Creek Cir N
Washington, MI 48094
Phone No.: 586-677-9198
Fax No.:

Email; mmemillan123@comeast.net

Meier, Adam

ExxonMobil

Phone No.:
Fax No.:

Email:  adam.r.meier@exxonmobil.com

O’Malley, Kevin

Lubrizol Corporation
29400 Lakeland Blvd,
Wickliffe, OH 44092
Phone No.: 440-347-414]
Fax No.:

Email: Kevin.OMalley@]lubrizol.com

Pastor, Jofran

Infineum

Phone No.:
Fax No.:
Email; jofran infineum.com

Porter, Christian

Afton Chemical Corporation
500 Spring Street

P.O. Box 2158

Richmond, VA 23217-2158
Phone No.: 804-788-5837
FaxNo.: 804-788-6358%

Email: chrigtian.go;_ie@a@nchemical.com

Ritchie, Andrew

Infineum USA L.P.

1900 E. Linden Avenue
Linden, NJ 07036-0536
Phone No.: 908-474-2097
FaxNo.: 908-474-3537

Email: andrew.ritchie@infineum.com
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NAME COMPANY-ADDRESS-PHONE-FAX-EMAIL SIGNATURE

Smolenski, Don Evonik

Phone No.:
Fax No.:
Email:

Stockwell, Robert Chevron Oronite Company LLC

Phone No.:
Fax No.:

Email: &qggiﬁgkgell@chewon.cog

Sutherland, Mark Test Engineering, Inc,
12718 Cimarron Path

San Antonio, TX 78249
Phone No.: 210-867-8357
FaxNo.: 210-690-1959

Email: msutherland@tei-net.com

Taylor, Chris VP Racing Fuels

Pheone No.: 210-710-4627

Fax No.:
Email: chris.taylor@vpracing-fuels.com
Thompson, Hap ASTM Facilitator

Phone No.: 904-287-9596

Fax No.:

Email: Hapithom@aol.com
Tumati, Prasad Haltermann

Phone No.:

Fax No.:

Email: ptumati@ihaltermann.com

Phone No.:
Fax No.:
Email:

Phone No.:
Fax No.:
Email:
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Email:
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Email:
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Email:
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Email;
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Fax No.:
Email:
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IVB Precision Degradaﬁon and What Could be the Primary Infiuence

Wednesday, October 11, 2017 5:56:00 PM

Attachments: IVB Lifter Rejection Criterig Old vs New.docx

Sequence IV Surveillance Panel,

So | have been racking my brain trying to understand what change that we have implemented
between the original precision matrix and the latest prove-out testing has had such a significant
impact on the degradation of our test’s precision. 1think that | might have identified something to
consider. |am listing all of the changes below and what | think the expected influence each one
would have on precision and severity:

1.

2.

Change in initial oil charge measurement from volume to mass.
a. Expected to improve precision because mass measurement was proven to be more
accurate than volume measurement.
b. Not expected to influence severity because this change did not change the overall
amount of cil.
Standardization of engine coolant flow direction to into the coolant inlet pipe and out of
the rear of the cylinder head, as is the production coolant flow direction for the Toyota
2NR-FE engine.
a. Anyimprovement in standardization is expected to have a possible improvement in
precision.
b. Not expected to influence severity. Two prove-out tests conducted on ASTM REO
1012 at Intertek confirmed no shift in severity.
Change in the coolant temperature control point from coolant in to coolant out (rear of
the cylinder head).
a. Not expected to influence precision, compared to previous test conditions.
b. Notexpected to influence severity, compared to previous test conditions.
Change in the coolant temperature set-point from 49°C {Coolant In) to 52°C {Coolant
Out).
a. Not expected to influence precision, compared to previous test conditions.
b. Not expected to influence severity, compared to previous test conditions.
Change from 185 ppm Sulfur content KA24E Green fuel to 124 ppm Sulfur content KA24E
Green fuel.
a. This specific change is not necessarily expected to improve precision, but the test



fuel Sulfur spec change from 100 — 400 ppm to 130 + 10 ppm is expected to improve
test precision from fuel batch to fuel batch.

b. Expected to influence severity in the mild direction due to reduction in corrosive
wear.

¢. Expected to help reduce or eliminate intake camshaft lobe failures due to reduction
in corrosive wear,

6. Change from Batch Code C to Batch Code D Intake camshafts.
a. Not expected to influence precision, compared to previous camshaft batches.
b. Not expected to influence severity, compared to previous camshaft batches.

7. Change from 2,400 ml (2,100 g) to 3,000 ml {2,600 g} initial oil charge volume.
a. Expected to improve precision because this change will help eliminate oil starvation
and oil aeration.
Might influence severity in the mild direction due to increased oil volume.
€. Expected to help reduce or eliminate intake camshaft lobe failures due to a
reduction or elimination of oil aeration.
8. Change from 1 ounce (30 ml) to 2 ounce (60 ml) 25-hour interval oil sample volumes.
a. Not expected to influence precision.
b. Not expected to influence severity.
9. Elimination of the 3 ml 5-hour interval oil samples at 105, 110, 115, 120, 130, 135, 140

,145, 155, 160, 165, 170, 180, 185, 190 and 195 hours.
a. Not expected to influence precision.
b. Notexpected to influence severity.

10. Change to OHT modified oil pan with additional modifications to the oil pick-up tube.

a. Expected to improve precision because this change will help eliminate oil aeration.

11. Addition of insulation to the oil separator and blowby stack plumbing.

a. Expected to improve precision because this change will help eliminate ambient
effect.
b. Not expected to influence severity.

12. Change to performing all Keyence volume loss measurements with the new Keyence
software {version G2), new Keyence template and settings (as per 8/15/17 Sequence IVB
Metrology Workshop) and Tale powder.

a. Expected to improve precision by improving the precision of the wear measurement
technique.

b. Not expected to influence severity. A couple of the Intertek prove-out tests had
Keyence volume loss measurements performed with both the old and new software,

templates and settings and the severity shift was 0.00 to 0.02 mm?.

13. Change in lifter rejection criteria for intake lifters (as per 8/15/17 Sequence IVB
Metrology Workshap). Dropped lifter crown profile rejection criteria for intake lifters.
See attached file for old and new lifter rejection criteria.

a. Notexpected to influence precision, but MAYBE this is influencing on precision?
Facts are as follows:
i. From the start of test development at SwRI in 2012, the same intake lifter
crown profile rejection criteria was utilized for all testing at all participating
development labs in North America (SwRI, Intertek and Lubrizol).
ii. The latest prove-out testing from late August 2017 to present are the only



tests that have been conducted without utilizing the intake lifter crown
profile rejection criteria.

fii. The prove-out testing prior to the original precision matrix and the
original precision matrix, both exhibited better precision than the latest
prove-out testing.

iv. The lifter crown profile rejection criteria has never been utilized for the
exhaust lifters and the exhaust lifter wear has historically had poorer
precision compared to the intake lifter wear.

b. Not expected to influence severity, but maybe certain lifter crown profiles wear at
different rates?

Would you agree that most of the changes that this surveillance panel or sub-group of the
surveillance panel have agreed to implement were designed to improve the precision of the test?

Would you agree that most of these changes have sound technical reasoning for enhancing
precision?

I think that we potentially made a mistake with change number 13 and that we made an incorrect
assumption, assuming that the lifter crown profile was not a severity and/or precision influence.
What do you think? This is some food for thought for tmorrow’s surveillance panel conference call.

Regards,

William A. Buscher IlI

Chairman, Sequence IV Surveillance Panel
Office: 210-647-3489

Cell: 210-240-89290

Email: william.huscher@intertek.com
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