Sequence |V Survelllance Panel | MINUTES

REVISION DATE: 4/5/2018 8:43:00 AM

Relevant Test: Sequence IVA and IVB

Note Taker: Chris Mileti

Meeting Date: 03-07-2018

Comments: Sequence |V 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 frends and lab-
to-lab differences that were like those from the 10HR-11HR data.
1.2.42. 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:

Statistical Analysis of Operational Ramp Data

* Analysis was performed to investigate the relationship between the RPM ramps
from stages (1 to 2) and (2 to 1) with respect to the Sqrt(AVLI) parameter

 Data used in analysis included all available operational PM and Afton prove out
test data (includes 300,000" test results for Hrs 10-11, 100-101, and 195-196)

* The analysis was performed using data generated with Excel’s “Slope” calculation
and was compiled for each Seq. IVB test result — as listed below:

* Each ascending ramp stage 1 to 2 was divided into a part “A” and part “B” portion.
* Part “A” included average RPM slope for Stage Times 1 to 4
* Part “B” included average RPM slope for Stage Times 5 to 8
* All of the part “A” and “B” 1 to 2 RPM ramp slopes were averaged by test key

* Likewise, each descending ramp stage 2 to 1 was divided into a part “A” and part “B” portion.
* Part “A” included average RPM slope for Stage Times 1to 4
* Part “B” included average RPM slope for Stage Times 5 to 8
* All of the part “A” and “B” 2 to 1 RPM ramp slopes were averaged by test key

2.1.1.

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

2.2.Slide #3:

Statistical Analysis of Operational Ramp Data

* The data available for the analysis is shown below:

TesTkeY [umsise [umsare| o [avu | sartfavu) Testiey Mean(RPM12_Slopeavg_A) | Mean(RPM12_Slopeavg_B) | Mean(RPM21_Slopeivg_A) | Mean(RPM21_SlopeAvg_B]
092018 A T | 1011 | 109 | 104303065 103201-v8 148722222 3585294343 2312805556 -3337763889
1207398 F 1 300 | 134 |115758360 120738-v8 5212520833 3912371948 4730075278 -398.9306111
151838 F 1| 1012 | 173 131529468 125183-1v8 527.1713056 3901530278 -1815205 -395.0464444
1251848 G 1 | 1011 | 18e | 1356266 125184-1v8 3553573816 4393816156 -3502189415 -425.5649025
125879-v8| 81 s | 1011 | 28 |134164079 125879-v8 4537066477 4348160344 4137132887 -399.5746232
125880v8 A 2 | 1011 | 033 |096436508 125850-vB 43732 4605552778 -435.1580556 -346.2277778
1258818 A 1| 1011 | 137 |11704s989 125881-V8 433.1430556 4527713889 -424.9202778 -439.8666667
1258828 A 2 | 1012 | 071 |084261498 125882-1vB 4267233333 4511925 4345819444 4459252778
1271738 B1 1| 1012 | 155 | 124498996 127173-v8 474.4950343 4291674152 -435.6487985 -415.6947865
1297528 A 1| 300 | 195 | 1396428 129752-v8 4199984444 4540755556 4304694444 445075
129755-v8| A 1| 1012 | 155 | 124498996 129755-vB 4283113889 4524508333 4311077778 -341.1088889
1297568 A 2 | 1012 | 11 |104880885 129756-1VB 4312725 4378447222 -4317386111 -455.1022222
129759-v8  B1 2 300 | 178 |133416681 129758-vB 4655698229 4322417 -431.4507963 -423.1062297
129760-v8  B1 1| 300 | 21 |144s13768 129760-vB 4678832906 4278785778 -440.3054502 -413.4002239
120762-v8 81 1| 1011 | 205 143178201 129762-v8 4738083166 4286092034 4326191069 -4143847742
129763-v8 81 2 | 1011 | 198 |140712473 129763-v8 4740588333 4309709874 4417431113 -4221739921
1297648 81 s | 1011 | 235 | 153207097 129764-1vB 472112114 4284422819 4224814262 -408.5008733
129766-v8|  B1 2 | 1012 | 17 |130384088 129766-1VB 467.4247179 4312178682 -432.263019 -419.8884915
120767-v8  B1 s | 1012 | 082 |090s53851 129767-vB 467.1650808 43173194 -4230178775 -413.0315413
1207688 B1 1| 1012 | 142 119163753 129768-1V8 476.2059981 425644497 -436.58926 -423.0616691 Unusual “Outlier”
130938-v8| 81 2 | 300 | 305 |174642492 130938-1vB 4755974866 4306910217 4396350472 4287717282 _
130939-v 81 s | 300 | 313 | 17691806 130938-v8 4644039892 4266081732 292367002 4226049107 removed from analysis
13509%0-v8| G 1 300 | 181 |134536281 130940-vB 357.4047354 4347768302 -351.8844011 -426.0629526
1309438 G 1 | 1011 | 208 |1.42478088 130943-1vB 3569819737 4385256267 3510874652 -4259295265 Data appears out of
1309048 G 1| 1012 | 181 |134536281 130944-1vB
1309458 F 1| 1012 | 083 |09sa3ss08 130945-1V8 5347816389 390.4550278 -481.4309444 -399.2427778 Phase - please see
1309s8-v8] A 2 300 | 127 |112604277 130948-1v8 4381580556 2420260444 4204555556 -1435683333 Appendix
131277-v8 A 1 300 | 206 |143527001 131277-v8 4309211111 4531658333 4280227778 -442.1180556
Unassigned| D 1 | 1012 | 108 | 10198039 | Afton-D101A0-0-RO1012 4159272820 4224542857 -403.464986 -4117388235
0 1 300 | 24 |154919334) Afton-D101A-0-0-R0300 4147084444 4154313611 -437.58175 -4145843611

2.2.1.
data from the other tests.

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

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

2.3.Slide #5:
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Statistical Analysis of Operational Ramp Data

* Matrix plot of (Excel generated) slope estimates vs. Sqrt(AVLI) model fit
residuals are shown below

* No discernable trend that correlates the residuals with the calculated ramp slopes

Matrix Plot of Residual vs. Ramp Data
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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, infake manifold pressure and exhaust

gas temperature).

3. 200HR OPERATIONAL DATA PLOTS:

3.1.Laboratory Update:

3.1.1. Lubirizol is still trying to complete the 200HR operational data plofts for its three Precision

Matrix tests.

3.1.1.1.  The data is compiled.
3.1.1.2.

data.
3.1.2. Comments from Southwest:

3.1.2.1.  They plotted their data using SAS JMP.
3.1.2.2.

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.

3.1.3.1.1. This includes smoothing the data.
3.1.3.2. Theyrecently 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.

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

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

IAR is trying to duplicate the methodology that SWRI used to generate their plots.
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4.1.2.1.  Thisreduced the dataset down to (21) valid tests.
4.1.3. Eliminating the dependent labs did little to change their conclusions.

4.2.Slide #3:
e ™~
Precision Matrix (PM) Analysis Highlights:
¢ This analysis includes the results of 21 valid precision matrix tests from the
independent labs
¢ Data supports the use of Sqrt(AVLI) transformation
® Significant oil differences: 1012 < 300
® Lab differences are statistically significant (A < B1)
¢ Stand within Lab differences are not statistically significant
® Estimated within a stand test precision (r; ASTM repeatability)
Sqrt(AVLI) = 0.4593
® Estimated test precision across labs and stands (R; ASTM reproducibility)
Sqrt(AVLI) = 0.5771
® (il means and standard deviations
Target
Standard
Number | Target Mean Target Deviation
Qil of Tests Sqrt(AVLI) Mean AVLI | Sqgrt(AVLI)
300 7 1.4306 2.05 0.2269
1012 7 1.1104 123 0.1815
\\ 1011 7 1.2373 153 0.2136 //'

4.2.1. Separation between ails is being driven by two severe results with REO300.
4.2.1.1. There is no statistical separation between ails 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. ltisstill 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 25t
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 Brank 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 afttempted 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 testse
5.1.3.3. Oil consumption can probably be tracked to monitor this issue.
5.1.4. Comments from Intertek:
5.1.4.1. 1AR 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 fo 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:
Page 5



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. Thisis probably why the high wear Lubrizol oil passed the IVB but failed the IVA.
5.2.5.3. Toyotais 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 @
Sequence llIG 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. Astrong 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. Isthe Sequence IVB backwards compatible if its wear mechanism is different
than the Sequence IVA?
5.2.10. Comments from Toyota:
5.2.10.1. REO1006-2is 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 3@ “Poor” Proof-of-Performance Oil:
5.3.1. |AR ran a 3 high wear oil on one of their Precision Matrix stands.
5.3.2. This oil had a OW-16 viscosity and was formulated specifically to generate high wear on
the Sequence IVB (much like the Exxon high wear ail).
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 anfi-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.
5.4.42. 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. |AR 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 ltems 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 infake manifold pressure ramps.

6.1.3.1. The goalis 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 ail.

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

6.1.5. ACTION ITEM #4: |AR is to request additional information from the sponsor of the
2.12mm3 high wear candidate oll.

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.
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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
fest.
6.1.12. ACTION ITEM #11: The Surveillaonce 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 Qil Classification Panel, the Auto Oil Advisory Panel and the American
Chemistry Council that the Sequence VB 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, TEl, Total, Haltermann, Honda, Ford,
Nissan and Chrysler

6.2.6. Negative votes: Lubrizol and BP

Action ltems Person responsible = Completion Date
Follow-up Notes/Updates Initials Date Added
Attendees Organization Contact Information
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VB Results on Lubrizol’s “Poor” Wear Oil

March 2018

#2018 The 1ubnzol Corpocshon &ll nghts reserver



VB Poor Prove of Performance Study: .

Qil Selection PSR

« Qil selected for IVB “Poor” Proof of Performance is a GF-5/SN formulation
type with reduced ZDP and FM removed.

» ltis a baseline formulation used to evaluate anti-wear components

» Study was run the Seq IVA
« |tis a 5W-20, blended in a conventional Gp |l base stock with OCP VM.

Oil Property Result
KV 100 8.91cSt
HTHS 2.7¢P
CCS (-30) 5849 cP
BOV ~4.5 cSt
% P 300 ppm
Seq IVA Result 256.07 pm

The oil has demonstrated poor VTW in the Seq IVA and Per our statistical
Seq VE model, is predicted to fail both Max and Avg Cam Wear

Lubrizol

2
® 2018 The Lubrizal Corparation. all rights reserved. }




“Poor" Proof-of-Performance: Oil vs. Lubrizol's Precision Matrix Qils

Average Intake Lifter Volume Loss

3.0

Proposed P/F limit
2.5 <& . £ .

20
1.73

1.53

15 1.34 1.39

1.0 .o.wh

0.5 _”

0.0 e e
PM: RO1012 PM: RO300 " poor” LZ " poor" IAR PM: RO1D12

Lubrizol oil was originally run at our lab in the same stand as our matrix oils. It
was subsequently repeated at Intertek. The results align and fall between our
repeat matrix results on RO1012 (the original “Good” oil)

Note: As the test is currently defined, all Lubrizol matrix runs were considered

to by operationally valid by the Surveillance Panel

Lubrizol
3 g a0te he Lubrizol Corporaiion. al rights reserved, fonsa———




“Poor" Proof-of-Performance Qil vs. Lubrizol's Precision Matrix Oils .

S / . ; ! SUCCE
Drain Iron (new P/F Parameter proposed Mar 7) success
350

Suggested Additional P/F requirement
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wsam"POOr" LZ (AVLI =1.39) wPM: RO300 (AVLi = 1.34)  —=PM: RO1012 {AVLI = 1.73)
——PM: RO1012 (AVLi=0.94) — —"Poor" IAR (AVLI =1.53)

On the March 7 Seq VI Surveillance Panel call an additional P/F wear
parameter was suggested — EOT Drain Fe. Lubrizol's “Poor” Wear Qil
comfortably meets this target.

Lubrizol
® 2018 The Lubrizol Corporation. alf rights reserved. ‘ —



Why Lubrizol voted Negative at the Surveillance Panel (SP) .

SUCCESS
TOGETHER

» The Surveillance Panel needs more time to consider key developments introduced during today’s
meeting, particularly the addition of end-of-test iron as a pass/fail parameter.

« Concerns identified by the Statistician Group (and documented in their 01-25-2018 report) about the
Precision Matrix have not been addressed:
— Discrimination is not consistent among stands.
— Different stands rank oils differently.
— Variability is large compared to the observed range of measurements.
— LTMS would likely allow for the calibration of stands that do not discriminate between oils.
— The statistical separation between REO300 and REO1012 is driven by two test results at a single lab.

« It is still unclear why two of the three high-wear proof-of-performance oils (one submitted by Lubrizol and
the other submitted by an unnamed oil marketer or additive company) delivered what would likely be
“passing” IVB results.

— The Lubrizol oil was run at both Lubrizol and Intertek and delivered intake lifter wear and end-of-test
iron results similar to REO1012,

— The speculation that these two oils performed well (on the IVB test) because of their resistance to oil
degradation should be confirmed.

« There are four operational parameters that have shown significant stand-to-stand or lab-to-lab differences
during the past five operational data reviews: AFR, crankcase pressure, exhaust gas temperature and
intake manifold pressure.

— No corrective action has been taken to mitigate these differences (although the variability in exhaust
gas temperature may be the result of measurement hardware).

— The mﬁmﬁ_mzomm: Group identified the Top-20 test parameters that correlate to test severity in their 02-14-2018
report.

— The Top-3 parameters involve camshaft metrology measurements.

— None of these three parameters have been specifically discussed by the Surveillance Panel.

Lubrizol
5 o uprizo
@ 2018 The Lubrizol Corporation. all rights reserved, ‘l‘-’
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ProveOut/Precision Matrix Data

Intake | Exhaust | Intake | Exhaust | EOT Iron
Wear Wear Mass Mass
mm? Loss g
ProveOut 1 300  1.53 N/A 176
ProveOut 2 1012 131 N/A 108
PrecisionMatrix 1 1012 1.81 _M\WP NMw_ 8.6 212
PrecisionMatrix2 1011 1.84 oww ‘_mw 9.6 154
PrecisionMatrix3 1011 wﬁw ‘_a Mom_ Aﬁw me
PrecisionMatrix4 300 1.8 0.85 18.1 8.8 173
HighWearOil1 ~ HW1 283 5.82 2481  49.25 699
HighWearOil2  HW1  1.89 2.84 15.95 28.98 416

Ex¢onMobil




Oil Gatley Pressure, kPa

Differences between High Wear Oil Runs — Oil Pressure

High Wear Oil Test 1 High Wear Oil Test 2

8B 5§ B
-
i |

g
g

g

il Gallery Pressure, kPa
A N
2 8

8
8
I

o a

Timing chain rattle and low oil
pressure observed at 171 hours,
oil topped up (800 mL) and
pressure returned to normal
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lIron Content Comparison

Hour HW Test1 HW Test 2
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Differences between High Wear Oil Runs - Oil Pressure

From procedure:

11.4.1 Optional oil level pracedure— After 200 h of test operation and the final oil sample, allow the engine to run at stage 1
conditions for 10 min before shutting down. Let the engine rest tumed off for 10 min and then measure the end-of-test oil
level using the OHT IVB dipstick (see Fig. 10) inserted into the side of the oil pan.

Flgure 10

High Wear Oil Test 1 High Wear Oil Test 2

EOT Dipstick Level: 55 Hour 171 Dipstick Level: 42
Hour 171 Post 800mL Addition: 70
EOT Dipstick Level: A4,

Total Oil Consumption: 684g Total Oil Consumption: 1470g

Ex¢tonMobil




Differences between High Wear Oil Runs - Oil Temps

High Wear Oil Test 1 High Wear Oil Test 2

-
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m 20 Mw ac
° 1 © 1
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Could the elevated
oil sump temps have
- " driven wear mild?
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54 54
52 52
8¢ [ 50
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Differences between High Wear Oil Runs - Exhaust Temp

High Wear Oil Test 1 High Wear Oil Test 2

No large exhaust temp differences observed

ExtonMobil 7




Differences between High Wear Oil Runs - Qls

High Wear Oil Test 1

High Wear Oil Test 2

Speed r/min | 0,000 Pending Speed rmin | 0.000 Pending
Torque n-m 0.000 0.745 Torque n-m 0.000 0.740
Engine Qil Gallery °C 0.000 0.802 Engine Oil Gallery °C 0.000 0.823
Engine Coolant Out °C 0.000 0.793 Engine Coolant Out °Cc 0.000 0.805
Engine Coolant Flow L/min | 0.000 0.939 Engine Coolant Flow L/min | 0.000 0.925
Engine Coolant Pressure kPa 0.000 0.7870 Engine Coolant Pressure kPa 0.000 0.865
RAC Coolant Out °C 0.000 10 RAC Coolant Out °C 0.000 992
Load Cell °C 0.000 0.9600 Load Cell _ °C 0.000 0.9600
RAC Flow L/min 0.000 0.7 RAC Flow L/min 0.000 0.701
Intake Air °C 0.000 0895 Intake Air °C 0.000 0.971
Intake Air Pressure kPa 0.000 0 986 | Intake Air Pressure kPa 0.000 0.987
Intake Air Humidity g/kg 0.000 0.922 Intake Air Humidity g/kg 0.000 0.932
Fuel Rail Temperature °C 0.000 0.695 Fuel Rail Temperature °C 0.000 0919
Blowby Gas °C 0.000 0,869 Blowby Gas °C 0.000 0.951
Fuel Rail Pressure kPa 0.060 0910 Fuel Rail Pressure kPa 0.000 0.885
Exhaust Backpressure kPaA 0.000 -0 605 Exhaust Backpressure kPaA 0.000 -0.665

Ex¢onMobil




Photos from EOT - Valvetrain
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ExxonMobil Both runs are Batch C Intake, and Batch D Exhaust hardware




Photos from EOT Test 2

Filter and
Valve Deck

Lifters and Cam
Lobe (Square
markers and lobe
wear on Intake
position #2)

Ex¢onMobil
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Photos from EOT Test 2 — Lifter Side Varnish

Ex¢tonMobil
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Photos from EOT Test 2 — Cylinder Head

Ex¢onMobil 12




Photos from EOT Test 2- Cylinder Bores

Cylinder 1 Cylinder 4

Ex¢onMobil 3




Photos from EOT Test 2

Combustion Chambers

Ex¢onMobil
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Average Intake Volume Loss by Ol

* The below plot summarizes the AVLI test result data by oil.
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a ™
Average Intake Volume Loss by Stand

* The below plot summarizes the AVLI test result data by oil within the stand.
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Statistical Analysis of Sequence
VB Operational Ramp Data
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tatistical Analysis of Operational Ramp Data

Analysis was performed to investigate the relationship between the RPM ramps
from stages (1 to 2) and (2 to 1) with respect to the Sqrt{(AVLI) parameter

Data used in analysis included all available operational PM and Afton prove out
test data (includes 300,000* test results for Hrs 10-11, 100-101, and 195-196)

The analysis was performed using data generated with Excel’s “Slope” calculatic
and was compiled for each Seq. IVB test result — as listed below:

e Each ascending ramp stage 1 to 2 was divided into a part “A” and part “B” portion.
* Part “A” included average RPM slope for Stage Times 1to 4
* Part “B” included average RPM slope for Stage Times 5 to 8
 All of the part “A” and “B” 1 to 2 RPM ramp slopes were averaged by test key

* Likewise, each descending ramp stage 2 to 1 was divided into a part “A” and part “B” portic
* Part “A” included average RPM slope for Stage Times 1 to 4
* Part “B” included average RPM slope for Stage Times 5 to 8
 All of the part “A” and “B” 2 to 1 RPM ramp slopes were averaged by test key



tatistical Analysis of Operational Ramp Data

'he data available for the analysis is s

nowh be

OW:

TESTREY |imvmsiad [ivmsapr| np |avu | sarigavu) Testley Mean{RPM12_SlopeAvg &) | Mean{RPM12_Slopefvg B) | Mean|RPM21_Slopefvg_A} | Mean{RPM21_Slopefvg_B)
w201ive| A 1 1011 | 109 |1.04403065 109203-IWE 4148722222 458 5204444 -431.2B05556 -434.77638E9
20739-IVE F 1 300 | 1.4 |1.15758369 120735-IvB 521.2520833 591.2371944 4730075278 -398 9306111
25183-1VB F 1 1012 | 173 | 131525454 125183-VB 5271713056 390.1530278 -4B1.5295 -305.0464444
5184vB| G 1 1011 | 184 | 1356466 125184-IVB 4553573816 4393816156 -350.2189415 -425 5649025
25879-vB| B2 3 1011 | 18 |1.34164079 125879-B 4537066477 434 8160348 1137132887 -39% 5746232
25880-IvB| A 2 1011 | 093 | 096435508 125BB0-IVB 43732 4605552778 -435.1580556 -4462277778
25881-wB[ A 1 1011 | 137 117046999 125881-IVB 4331430556 4527713882 4249202778 4398666657
25882-IvB| A 2 1012 | 071 | 0.84261498 125882-IvB 4267133333 4511925 -434.5819444 -445 9252778
i7avel B 1 1012 | 155 |1.24498006 127173-WB 4744950343 439.1574152 -235 6487985 -415 69478565
29752-v8| A 1 800 | 155 | t.30642s 129752-IVB 4195544444 4540755555 -430.4604444 -145 1075
A 1 1012 { 155 (124498996 120755-1vB 4253113889 452 4508333 -431.1077778 -441,1088889
A 2 1012 | 1.1 |1.04880885 129756-IVB 431.2725 437 8447222 -431.7386111 4551022222
Bi 2 300 | 178 |1.33416541 129755-1vB 4555698229 4322417 -431 4507963 -423.10652297
B2 1 300 | 21 |1.44013768 129760-1VB 467 8532906 4278783778 -340.2054502 -413 4002239
BL 1 1011 | 205 |143178211 129752-IVB 473 80B3165 4286092034 -132 6151069 4143847742
Bi 2 1011 | $98 (140712473 129763-1V8 4740588333 4305709874 4417431115 -472 1739921
B a 1011 | 235 |1.53207007 129764-1VB 472112124 4284422818 -122 4814262 -108 5008733
B 2 1012z | 1.7 | 130384048 179766-IVB 467 4247179 431.2178682 432 263019 -419.8RB4915
B2 3 1012 | 0.82 | 050553851 129767-VB 4671650808 45173192 -123.0178775 -413.0315418
B1 1 1012 | £42 | 119163753 129758-1IVB 4762059991 425644497 -436 58926 -423 0616691
Bi 2 300 | 305 | 174642492 130038-IVB 475 5974866 4306919217 -439.6350472 -428.7717282
B1 a 300 | 313 | 17591806 130039-1vB 4564 4039852 43765081732 129 2367002 422 6049107
G 1 300 | 181 |1.34536241 130940-1VB 357.4047354 434.7763802 -351.8844011 -426.0620526
G 1 1011 | 203 | 142478069 130043-IVB 3565819737 4385256267 -351.0874652 -425.8295265
G 1 | 1012 | 181 {134535241 130944-IVB [ ssoaxmmires |1 ssuamess | saeumas | sssoiees |
F 1 1012 | 093 |0S86436508 130945-1VB 5347016389 3904550278 -481.4309844 3002427778
A 2 300 | 127 | 112684277 $30045-1IvB 4381580555 442 0269444 -420,4555556 -444 5683333
A 1 300 | 206 | 143527001 131277-IVB 4309211111 453 1658333 4280227778 -442 1180556
o 1 1012 | 104 | 10298039 | Afton-D101A-0-0-RO1012 4159972829 422 4542857 -403.464986 -411.7388235
D 1 300 | 24 |154019334| Afton-D101A-0-0-RO300 4447044444 4154313511 -437 54175 -4145443611

Unusi
remo

Data .
Phase

Appei




tatistical Analysis of Operational Ramp Data

tesiduals from the below Lab, Stand[Lab], and Oil model were evalu:
igainst the Amxnm_ mm:m_,mﬁm& 356 m_o_omm

‘=ResporseSqrt(AVID A - = = H e~ ED :
dWhole Model e S, o RN i ..15_.5_5 T AT :“ ;ﬂﬂﬁpgq:a_.m:ztrujiu L
v>§5%a§ ?E!ﬂ-_ v_.n:!.-no!o» v—h!:.-uo!oa
JEffectSummary CTmmm T T T £l enstSauares Means Table | Least Squares Means Table | 4L east Squares Means Table
Sowurce LogWorth ool e L Plalue Level  SqMesm  SidEmor  Mem Isvel SgMesn SidEor level  SgMem StlEvor  Mean
IND 2022 LA g00rz A 11304718 005750515 114155 AR 12301419 0.07728570 [GL1 12612419 0.0587558 129707
LTMSLAS 1.39 E51 v i 0.04014 Bl 13882000 004048127 1338M  [A]2 10308016 0.0B65831S J0IZ 11240848 006112639 110819
LTMSAPP[LTMSLAB ] 0.385F) ; | L i 041210 F 11914668 010330576 1.14575 [B1]1 13645055 0.08658315 3000 14083524 005912952 143097
Bemove Add Edit [TJFDR G 13298173 010330576 137554 FBIJZ 14119410 0.08645943
D 12828397 012362618 128450  [B1)3 13881622 (.0B663512
v..sawg ma [F1 11914668 0.10330576
e e [GIl 13298173 0.10330576
vﬂnﬁ?..ﬁ%g DIl 12828397 0.12380618
A 'Summary of Fit -
RSquare 0.620471
RSquare Ad) 0453557
Root Mean Square Error 0171408
Mean of Besponse 1.27811
Ohservations no..w:ﬂimwu mu
4Analysisof Varlance T T
Sumof -
Source DF Squwres MemSquae FRatio
Model 9 (.04834%4 0105372  3.5864
Error 19 055883 0029381 Prob> F

C Total 26  1.50638%7

AParameterEstimets ~ T L
Term Estimate Std Error £ Ratio Prob> [
Intercept 12645557 0.040354 3134 <0001
LTMSLAE [ Al -0.134088 0.060044 -223 0.0378*
LTMSLAE [ 821 01236432 0.055655 222 00387
ETMSLAB [ F] -0.073003 009001 -DBl 04268
LTMSLAB [ G] 0.0652576 0093083 070 04918

LTMSLAB [A)LTMSAPP[1} 0.0996702 0.058549 170 0.1050
LTMSLAB [BLILTMSAPP[1] -0.023697 0.071051 -033 07424
LTWSLAB [B1):LTMSAPP[2] 0.0237381 0.0709 0.33 0.7414

IND{1011§ -0.003318 0.050698 -0X7 (0.9485
IND{1012] 0140475 0.049229  -2.85 caﬁﬁ.
4 Effect Tests AL
r Som of SRR B
Sowrce Npem ODF Squaes FRatio Prob> F
LTMSLAB 3644712 31013 0.0401*

4 40
LTMSAPP[LTMSLAB } 3 3 008859693 10052 0411
IND 2 2 037266241 6.3420 O.0078%




tatistical Analysis of Operational Ramp Data

Aatrix plot of (Excel generated) slope estimates vs. Sqrt(AVLI) model

esiduals are shown below
* No discernable trend that correlates the residuals with the calculated ramp s

Matrix Plot of Residual vs. Ramp Data

-A00

Residual Sqri{AVLI) | “
w
Mean{RPM12_SlcpeAvg_A) * o .
>p
Mean{RPM12_SlopeAvg_B)
LTMSLAB
e A Mean(RPM21_SlopeAvg A)
m Bl !
¢ D
A F
p G

Mean(RPM21_SlopeAvg_B)



Appendix



Graph Builder

Engine Speed Evﬁnu VS. nw.nmn Time |

4000 B . TestH
3400 - i i <k w d
2800 - - > _ = =S miooth
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1600 - . o — | & @ HI0I-102
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4000
3400 w
& 2800 2
m_ 2200 i 5
B 16004 o ; &
o - B
g 1000 . o - m
v 4000 - i
g o
oh == f
S 2200 . L7 : &
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Data
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én
I_.l_IIJI_. L I & =1 " 1 =™ [ ™ Tl LB AL T T 1 T 1 LI
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Cycle Time

Where[LAB = ExxonMobil)
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\
Executive Summary

Precision Matrix (PM) Analysis Highlights:
* This analysis includes the results of 21 valid precision matrix tests from the
independent labs

 Data supports the use of Sqrt(AVLI) transformation

® Significant oil differences: 1012 < 300

 Lab differences are statistically significant (A < B1)

e Stand within Lab differences are not statistically significant

e Estimated within a stand test precision (r; ASTM repeatability)
Sqrt(AVLI) = 0.4593

* Estimated test precision across labs and stands (R; ASTM reproducibility)
Sqrt(AVLI) = 0.5771

e (il means and standard deviations

Target
Standard
Number | Target Mean Target Deviation
Qil of Tests sqrt{AvLl) | Mean AVLI | Sqrt{AVLI}
300 7 1.4306 2.05 0.2269
1012 7 1.1104 1.23 0.1815
/ 1011 7 1.2373 1.53 0.2136




PM Analysis Concerns

® The two high results on Oil 300 at stands B1-2 and B1-3 have large influence on
discrimination between oils 300 and 1012. Without these two tests, differences between

oils are not mﬂmamﬁom:% mmmamomb\n.

* Discrimination is not consistent among the stands.
® Stands rank oils &mmwobm%

® This could be an issue if the same wrmbogmsos is observed in candidate oils

* Test precision is large compared to the observed range of measurements; the high and low
oils differ by 1.9 standard deviations (lowest of any GF6 test).

e Discriminating future oils in the test will be difficult; especially with only one test
result

R4 y




Data Utilized

® Precision Matrix Data:
2 Labs {A, B1}, independent labs only
3 Reference Oils {300, 1012, and 1011}
5 Stands {A-1,A-2, B1-1, B1-2, B1-3}

Total number of tests = 21

® Precision Matrix Data Table from Rich Grundza’s 20180115 IVB Matrix update.

"+ Laboratory is running additional test because of Lean AFR and lower fuel flow on original matrix test
# Additional test donated bylab




Reference Oil Discrimination Comparison

The table below compares the numbers of standard deviations of separation between the highest and lowest reference
oil across GF-6 test types. The median is approx. 3.3 and the mean (without PHOS) is 3.4.

Parameter Range Test S e _u.“ *.
e Separation

H Ln(PVIS) 47151 3.3289 1.3902 0.4641 3.0
IITH WPD 4.63 3.66 0.97 0.47 2.1
MHA Ln(MRV) 11.1107 9.7854 1.3253 0.4214 31
IITHB PHOS whpm 78.92 15.23 1.53 10.0
VIE FEI 1 2.56 13 1.26 0.29 4.3
VIE FEI 2 182 1.41 0.41 0.12 3.4
VIE FEI 1 2.23 1.45 0.78 0.21 3.7
VIF FEI 2 2.25 141 0.84 0.19 4.4

IX (LSPI) Sqrt{AvPIE + 0.5) 4.2644 3.3819 0.8825 0.2856 3.1
VH AES 8.43 6.47 1.96 0.5 3.9
VH Ln{10-RCS) 0.9155 -0.5294 1.4449 0.2194 6.6
VH AEV50 9.26 877 0.49 0.25 2.0
VH APV50 8.67 7.35 132 0.53 2.5

X (CW) Ln{CHST) -2.10574 -2.63174 0.526 0.14148 3.7'2
IVB Sqrt{AVLI) 1.4306 1.1104 0.3202 0.1657 1.9

*1: Oil 220 not used as a reference oil. Including this oil would ﬁna approx. 12 SDs of separation between 220 and 222, |
*2: 271 vs. 1011 S




Average volume loss, Intake
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* The below w_oﬁ summarizes the AVLI test result data by reference oil.
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Average Intake Volume Loss by Stand

* It appears that oil discrimination is not consistent among the stands;

Stands rank oils differently
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Average Intake Volume Loss by Lab

* Below plot summarizes the AVLI test result data by test Lab and reference oil
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Sqrt(AVLI) ANOVA Full Model

Statistically significant differences: [Summary of Fit
° O— RSquars 0.68481
1 RSquare Adj 0.545729
° L b Root Mean Square Eror 0.165693
a Mean of Response 1.282493
Dbservations {or Sum Wagts) 21
. . [ Analysis of Variance e )
Not mummwwmomﬂd&% &mﬁ@ﬁ@ﬁ—ﬂu !,,;..E_MM: 1T %w.-: of
. Stands within Labs Sowce DF Squares MeanSquare FRatio
Model 6 0.8350025 0139182  5.069%
Error 14 03843584 0.027454 Prob> F
C. Total 20 1.2194510 0.0058*
(Parameter Estimates T
Term Estimate StdError tRatio Prob>|t]
Intercent 1.2504442 0036668 3435 <0001*
IND{300] 0171474 0052374 327 0.0056%
IND[1012] -0.14902 0.05327 -2.80 0.0143*
LTMSLAB[ Al -0.128759 0.036668 -3.51 0.0035°

LTMSLAB[ ALLTMSAPP[1] 00977475 0.058853 172 0.6
LTMSLAB[ B11:LTMSAPP[1] -0.021561 0.068%42 -031 07391
LTMSLAB[ B1:LTMSAPP{Z] 00168984 0.068899 0.25 0.8093

| Effect Tests g

Sum of u
Source Nparm DF Squares  FRatio fProb>F
IND 2 2 034092566 6.2000] 0.07117*
LTMSLAB 1 1 033851539 12,3303} 0.0035*
LTM5APPILTMSLAB] 3 3 008308356 1.0085 \ 04182




Sart(AVLI) Oil Differences

Model is Sqrt(AVLI) ~ Oil, Lab, Stand(Lab)
Oils significantly differ
* Oil 300 is statistically significantly
different than oil 1012
* Qil 1011 is not statistically significantly
different than oils 300 and 1012
Plot shows Sqrt(AVLI) LSMeans by Oil,
with 95% confidence intervals

LSMeans by Qil
Least Sq AVLI
Oil Mean LSMean
300 1.4306 2.05
1012 1.1104 1.23
1011 1.2373 1.53

1S Means Plot
el
m. :T.
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I.SMeans Differences Between Oils

Sqrt(AVLI)
LSMean
Qill 0Oil2 Difference | p-Value
300 1012 0.3202 0.01
300 1011 0.1933 0.12
1011 1012 0.1269 0.38
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Sqrt(AVLI) Lab Differences

Model is Sqrt(AVLI) ~ Oil, Lab, Stand(Lab)
Plot below of Sqrt(AVLI) LSMeans by Lab, with 95% confidence intervals

o

* Lab A is statistically significantly different than Lab B1.

ELS Means Plot
1.8
= 1.6 1
W. n |
o a 1.4
22 -
o v 1.2 1
[ i
A 1
o8
LSMeans by Lab
Sqrt (AVLI) | AvL
Level LSMean | LSMean
A 1.1307 1.28
Bl 1.3882 1.93

_ B1
LTMSLAB

I SMeans Difference Between Labs

Sqrt{AVLI)
LSMean
Labl Lab2 Difference p-Value
Bl A 0.2575 0
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Sart(AVLI) Stand within Lab Differences

* Model is Sqrt(AVLI) ~ Oil, Lab, Stand(Lab)
* Plot below of Sqrt(AVLI) LSMeans by Stand, with 95% confidence intervals
*  Stands within labs are not statistically significantly different from each other

Square Root[AVLY)
LS Means
= ==
- P9 P
| T SR |
——

08 T

[AN 1a12 " [B1 T [B1}2 ' [B12
LTMSAPPLTMSLAB]
LSMeans by Stand [ SMeans Differences Between Labs
Sqrt{AVLl) | AvL LSMean
Stand LSMean | LSMean Stand1 Stand?2 Difference | p-Value
[A]ll 1.2284 1.51 [ A]l [A]2 0.1955 0.45
[A]2 1.0329 1.07 [B1]2 [B1)1 0.0385 1
[ B1]1 1.3666 1.87 [B1]3 [B1]1 0.0262 1
[ B1]2 1.4051 1.97 [B1]2 [B1]3 0.0122 1
[ B1]3 1.3929 1.94
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Note 1:

k-

* S-=0.1657

Sqgrt(AVLI) Precision

_ﬁm_ummﬁ_.,_m_:..w Model: Sqrt(AVLI) ~ Oil, Lab, Stand(Lab)
Reproducibility Model: Sqrt(AVLI) ~ Oil

Model RMSE Repeatability Reproducibility
* Sr=0.1657 e Sp=0.2082
* r=0.4593 e R=0.5771

Based upon the AVLI pooled standard deviation (Sj-) and ASTM'’s

peatability (r), there is no significant difference between an
AVLI result® of 2.00 and 3.51.

An AVL! result .m_\. 2,00 was arbitrarily selected L‘.nw comparison
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Reference Oil Targets

Model: Sqrt(AVLI) ~ Oil, Lab, Stand(Lab)

Average Intake Volume Loss (AVLI)
Unit of Measure: Sqrt(AVLI)

I arget ﬁ.:...mi

Ref. Oil Mean Mean

1.4306 2.05 0.2269
1012 (n=7) 1.1104 1.23 0.1815

1011 (n=7) 1.2373 1.53 0.2136

Target Means are the Oil LSMeans from the Model and Standard
,@ Deviations are calculated straight from Sqrt(AVLI).
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AVLI with Prove-out tests
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Iron Content {ppm)

"Poor" Proof-of-Performance Qil vs. Lubrizol's Tests from 2nd Precision
Matrix - iron Content

250 -
REO300 - "Failing" IVB Reference il
REO1012 - "Passing” IVB Reference Qil
200
150 =
100
50
0
0 25 50 75 100 125 150 175
Test Hour

=g="Poor" Proof-of-Performance Qil (Av. Vol. Loss = 1.388mm~*3}

=8=REQ300, Precision Matrix #2 (Av. Vol. Loss = 1.388mm*3)

=0==RE01012, Precision Matrix #2 {Av. Vol. Loss = 1.730mm*3)

=2=-REQ1012, Precision Matrix #2 (Av. Vol. Lass = 0.935mm*3}

200



Intake Lifter Volume Loss (mm#~3)

"Poor" Proof-of-Performance Qil vs. Lubrizol's Tests from 2nd Precision
Matrix - Volume Loss vs. Intake Lifter Position

3.5
REO300 - "Failing" IVB Reference Qil
REO1012 - "Passing" IVB Reference Oil
3
2.5
2
1.5
1
0.5
0
0 1 2 3 4 5 6 7
Intake Lifter Position
=8="Poor" Proof-of-Performance Oil (Av. Vol. Loss = 1.388mm"3) ==RECQ1012, Precision Matrix #2 {Av. Vol. Loss = 1.730mm*3)

=@==REO300, Precision Matrix #2 {Av. Vol. Loss = 1.388mm*3)} === REC1012, Precision Matrix #2 (Av. Vol. Loss = 0.935mmA3)



Exhaust Lifter Volume Loss (mm#3)

"Poor" Proof-of-Performance Qil vs. Lubrizol's Tests from 2nd Precision
Matrix - Volume Loss vs. Exhaust Lifter Position

2.5

REO300 - "Failing" IVB Reference Oil

REQ1012 - "Passing" IVB Reference Oil
2
1.5
1
0.5
0

1 2 3 4 5 6 7
Exhaust Lifter Position
=g="Poor" Proof-of-Performance Oil {Av. Vol. Loss = 1.388mm"3) =2=REQ1012, Precision Matrix #2 (Av. Vol. Loss = 1.730mm*3)

~9—REO300, Precision Matrix #2 (Av. Vol. Loss = 1.388mmA*3) —2=REO01012, Precision Matrix #2 (Av. Vol. Loss = 0.935mm*3)




Volume Loss (mmA3)

"Poor" Proof-of-Performance Qil vs. Lubrizol's Tests from 2nd Precision
Matrix - Average Intake Lifter Volume Loss

REO300 - "Failing" IVB Reference Oil

REO1012 - "Passing" IVB Reference Oil
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B "Poor" Proof-of-Performance Qil (Av. Vol. Loss = 1.388mmA3)
B REO300, Precision Matrix #2 {Av. Vol. Loss = 1.388mm~3)

Average

B REO1012, Precision Matrix #2 (Av. Vol. Loss = 1.730mmA"3)
OREOQ1012, Precision Matrix #2 (Av. Vol. Loss = 0.935mm*3)



Volume Loss (mm~*3)

"Poor" Proof-of-Performance Qil vs. Lubrizol's Tests from 2nd Precision
Matrix - Average Exhaust Lifter Volume Loss

1.6
REOQ300 - "Failing” IVB Reference Oil

REO1012 - "Passing” IVB Reference Qil
14
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Average

W "Poor" Proof-of-Performance Qil (Av. Vol. Loss = 1.388mm~"3} B REO1012, Precision Matrix #2 {Av. Vol. Loss = 1.730mm*3})
B REO300, Precision Matrix #2 (Av. Vol. Loss = 1.388mm~3) OREO1012, Precision Matrix #2 {Av. Vol. Loss = 0.935mm*3)



