VH Staftistical Review | MINUTES

Revision Date 7/11/2017 10:07:00 AM

Relevant Test: Sequence VG and VH

Note Taker: Chris Milefi

Meeting Date: 06-19-2017

Comments: Full Sequence V Surveillance Panel conference call to discuss statistical analysis of

VH Precision Matrix data.

1. REVIEW OF STATISTICAL GROUP PRESENTATION:

a) Background:
i) All of the slides discussed during this call were from the VH PM Analysis — SG.pdf
presentation.
i) This presentation was distributed by A. Ritchie via email on 06-18-2017 at 1:38PM EST.
i) The presentation was reviewed by D. Boese during the conference call.

b) Slide #3:

- B

Executive Summary

@ There is correlation of Crankcase Pressure and Lambda with the parameters. It
is not clear whether these operational parameters affects severity or whether
there are lab/stand differences mmlf@sling themselves.

® The Stands within a Lab are not statislical]’\' ﬁigniﬁcanl]} different, therefore, a
Lab-based LTMS is appropriate.

e AES:

* Oil discrimination is statistically significant: 1011>1009, 940,

e RCS:

¢ Oil discrimination is statistically significant: 1011, 1009 > 940.
o AEV and APV:
* Recommend uzsing 50% rating_

* Using the 50% rating, oil discrimination is statistically significant: 10111009,
940.

* A Lab X Oil interaction is apparent I'.hough could be an artifact of the small
sample size.

¢ Stand G /2 demonstrated minimal separation among the 3 Oils —again, may be
an artifact of small sample size,

@ y

i) The VH test stands within each lab are not statistically different.
(1) This means that a lab-based LTMS system is appropriate for the Sequence VH.

i) Qil discrimination is statistically significant.

i) The statisticians are recommending the use of the 50% piston skirt rating technique for the
two varnish parameters (APV and AEV).

c) Slide #7:
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Crankcase Pressure and Lambda

® During Operational Data Review, the TF noted a potential
correlation between the VH parameters with Crankcase
Pressure and Left and Right Lambda.

e The average of Crankcase Pressure and Left and Right
Lambda for each of Phases 1, 2 and 3 were calculated for
cach test.

i) The engineering group asked the statisticians to review the following operational data

parameters: crankcase pressure, left-side lambda, right-side lambda.
i) The statisticians attempted to correlate these operational parameters to the rated

parameters.

d) Stand #8:

f/_

@

Average Crankcase Pressure

Awg. Crankease Pressurevs. Lab / Stand
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Two results for Oil 940 visually differ from the others within that
Phase. They are both for the same test (Testkey 118698-VH).

i) Two results are circled in the chart.
(1) Both results are from Lab A.
(2) Both results are from the same test.

(3) The results are circled because they stand out in terms of crankcase pressure.

i) The two circled results show a steady-state difference (and not a periodic difference) that

was present in the Lab A test.
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i) The difference in Stage/Phase 3 was of a lesser degree than the difference in Stage/Phase

1.

e) Slide #9:

i) There are lab-to-lab differences in the left-side lambda measurements.

Average Left Lambda

Avg. Left Lambda vs. Lab / Stand
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o Lab differences are apparent for Phases 1 and 2 but less so for Phase 3.
\

o

i) The left-side lambda measurement is generally low at Lab A for all stages/phases and oils.
i) The left-side lambda measurement is generally high at Lab G for all stages/phases and oils.
iv) It was noted that the lambda differences were smaller during Stage/Phase 3 conditions.

f) Stage #11:

/_/‘

@

Crankcase Pressure and Lambda
Effects on Rated Test Parameters

* The plots on the prior 3 slides illustrate lab differences with
respect to operationa] Parameters.

® Correlation of these nperatinnal parameters with the rated
Varnish and Sludge are discussed in subsequent sections. In
some cases, significant correlation exists.

® It is not clear whether these operational parameters affects
severity or whether there are lab/stand differences

maniféstjng themselves.

P

i) Thereis a correlation between these operational parameters and the varnish parameters.

Page 3



i) However, the statisticians stressed that a correlation does not prove causation.

g) Slide #13:

® Average Crankcase Pressure is borderline statistically significant (p-Value = 0.12),

\\
Correlation of AES with Crankcase
Pressure
Residual AES vs. Standardized Avg. Crankease Pressure Awverages Used for Plot Centering
s " i B Phase |Average Crankcase Pressure
P T d 1 0.098
il Py - " © 7 0922
a5 S 3 0.031
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* The Average Crankcase Pressure is standardized (centered) about the average for each Phase.
*  The Residuals are obtained from regressing AES on Oil.
*  The Crankcase Pressure for each Phase is positively correlated (correlation coefficient of 0.23 to
0.32) with Residual AES.
e ¢ The average of all 3 Phases has the highest correlation with AES Residuals.
b

P

i) The “oil effect” has been removed from this chart to facilitate the combination of results.
i) The P-value of 0.12 indicates that the correlation between AES and crankcase pressure is
borderline statistically significant.
i) However, it is not currently known whether the crankcase pressure is directly driving the AES
result or just correlated to the driving factor.
iv) Ford’s Comments:
(1) Could the PCV valves be playing a role in this correlation?
(2) It would be useful to compare the crankcase pressure to other parameters such as PCV
clogging and blowby flow rate.
(3) The engineering team may need to consider flow testing the entire PCV system and not
just the PCV valve itself.
(4) Ford requested a follow-up conference call to discuss this.

h) Slide #15:
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i)

Residual AES vs. Standardized Avg. Right Lambda

=

Correlation of AES with Right Lambda

Ayvera Used for Plot Genteri
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® The Residuals are obtained from regressing AES on Oil.
. Right Lambda Phase 1s positively correlated with Residual AES,

@ . Ri.ghl Lambda Phase 2 effect is borderline 5tatisl.iraﬂ}' signi{‘i{.:ant (p- Value = 0.06).

e The A\'er&gc I{ight Lambda is standardized (centered) about the av erage for each Phase.

The Stage/Phase 2 chart is showing a relatively high slope, but this slope is being heavily

influenced by the two data points on the far left.

The P-value of 0.06 indicates that the correlation between AES and the right-side lambda is

borderline statistically significant.

(1) However, the statisticians reemphasized the impact of the two data points on the far

left.

i) Slide #16:

i)
i)

AES by Stand
AES vs. Gl
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e 0il ranki.ng is similar across engi nes/ stands,

/

Ideally, each plot should look the same and not have any horizontal segments.

(1) In general, this appears to be the case.
Stand A/1 does appear to show a small difference.
(1) However, this is based on the single result from REO1011.
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j) Slide #17:

@

AES Vs. Lab / Stand

AES vs. Lab / Stand
o
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There is visual discrimination of oils though with some overlap.

* 1009 appears to have become severe relative to the VG target resulting in it and 940 be closer
than in t?lé VG.

ol

i) The Sequence VH REO9%40 AES results straddle those of the Sequence VG.

i) The Sequence VHREO1009 AES results are severe of the Sequence VG target.

i) There is discrimination between the three oils.

k) Slide #19:

//_

o

AES

Model: AES ~ Oil

Model RMSE! Repeatability' Reproducibility

5. =0.50 * 5,=0.50 = 5p=0.50
VG LTMS s = * r=1.3% * R=1.38
0.45

Based upon the AES poo ed standard deviation (S,.) and ASTM's

tabilit}' (1), there is no signiﬁcant difference between an AES
result of 6.62 and 8.00,

Nota 1+ Madel R'H'_\'Eﬁam madel with gﬂém .!fDi! and Lab was higher (0.54) than 04l only model (0.50). Induserp stavistics
group determined RMSE from Oil anly model was more bili

pprapriate i rep: st

Note 2:An AES result of §.00 was arbitrarily selecved as the comparison test resuft
Note 3:r and R are caleunlated ag 2. 77 %s where s is 5, or s, as applicable.

)

i) The $=0.50 and Sg=0.50 values for the Sequence VH are very similar to the s=0.45 value for
the Sequence VG.

1) Slide #20:
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i) This slide contains the recommended standard deviations and targets for AES.

m) Slide #22:

-
Reference Oil Targets

Model: AES ~ Oil, Lab

Average Engine Sludge (AES), merits

8.43 0.57

Note: Targers are the Model LS Means; Standard Deviations are ealeulared divectly from the test results for cach Oil without
accounting for Lob or Stnd differences.

@

/!

Correlation of RCS with Crankcase
Pressure

jes Used for Plot Centering
Residwal RCS vs. Standardized Awg. Crankcase Pressure Phase | Average Crankcase Pressure
3 i 1 0.038
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A i E a i [Phase 2 1 0.15 068 0.10
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¢ The Residuals are obtained from regressing RCS on Oil.

0,09 1o 0.17) with Residual RCS,

* Crankcase Pressure Phase 3 has the highest correlation with RCS Residuals.
\e *  Crankcase Pressure Phase 3 is not statstically signilicant (p-Value = 0.46),

* The Average Crankcase Pressure ic standardized (centered) about the average for each Phase.

¢ The Crankcase Pressure for each Phase is slightly positively correlated (correlation coefficient of

\

/

i) Thereis a slightly positive slope in the correlation between RCS and crankcase pressure.
i) However, the slope is small and deemed to be not statistically significant.

n) Slide #23:
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FRasihal ACS

Correlation of RCS with Left Lambda

Residual RCS vs. Standardized Ava, Left Lambda Averages Used for Plot Centering

3 o I Praze Average Left Lambda
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¢ The Average Left Lambda is standardized (centered) about the average for each Phase,
¢ The Residuals are obtained from regressing RCS on Oil.

*  Left Lambda for each Phase is slightly negatively correlated (correlation coefficient of 0.02 t0 0.17)

with Residual RCS for Phases | and 2 and sl igh( |}' 'Pnsiti\'eﬂ:' correlated with Phase 3.

®  Phase 2 has the highest absolute correlation with RCS Residuals.

e * Left Lambda Phase 2 effect is not statistically significant (p-Value = 0.20).

i) There is a strong correlation between RCS and the left-side lambda with the Stage/Phase 2

data.

i) However, the slope is negative and not positive — so it does not make much sense from a

technical

o) Slide #24:

e

standpoint.

Correlation of RCS with Right Lambda

Residual RC vs. Standardized Avg, Right Lambda Averanes Used for Plot Centering
. : ; Fhase Average Right Lambda
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® The A\'crago Right Lambda is standardized (centered) about the average for each Phase.
®  The Residuals are obtained from regressing RCS on Qil.

®  For cach Phase, Ri.ght Lambda is positively correlated with Residual RCS,

@ * The average of all 3 Phases has the highest correlation with RCS Residuals.
b

. :\\'l:rags: Right Lambda is not statistical |}' signi ficant (p-"’alue = 0_24}.

ok

i) The correlation between RCS and the right-side lambda measurement is not statistically

significant.

p) Slide #25:
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RCS by Stand

RCS vs. Oil
; Laly / Stand . Lab
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il ranki.ng is similar across stands,

i) All of the lines are highly sloped and parallel fo each other.
i) These are very favorable plofs.

q) Slide #26:

i) The Sequence VH RCS results for REO?40 and REO1009 are both slightly severe of the

f/_

RCS Vs. Lab / Stand

RCS vs. Lab / Stand
il
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There is glmd separation between 940 and 1009 with both heing, on average,

severe relative to the ViG target.

Sequence VG targets.
i) Thereis good discrimination between the three oils.

r) Slide #27:
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RCS Regression Analysis

® Ln(10 — RCS) was regressed on:
* Qil
* Lab
* Stand[Lab]

® The Oil term is statistically
signiﬁcant‘
® Each of the Oils are statistically
significantly different from each
other.
¢ The Lab term is borderline
statistical]}' signif'icant.
® The estimate of Lab E, which had
just 2 valid tests L‘i)ml:llttﬁd, is
higher (lower in untransformed
units) than the other labs. Both of
its RCS results were the lowest
(or tied for the lowest) for that
Particu]ar Oil.

Term
Qil
Lab
Stand[Lab)

p-Value
< 0001
0.0521
0.3017

[CRIRTRY (=

Qil Level LS Mean

Ln(10- RSC)| RSC

940 1 09323 7.46

1008 2 0.0395 8.96

1011 3 -0.5286 9.41

Qils not connected by the same level are
statistically significantly different.

Lab LS Mean

Ln(10 -RSC){ RSC
0.4407 8.45
0.1580 8.83
0.0710 8.93

-0.0798 9.08

»|®|T|m

P

i) There is a tight grouping with the REO1011 results.
(1) This is expected because all of the parts are near the highest level of cleanliness for a
rated part.

i) There is a borderline statistical difference in labs.

(1) Lab Eis severe relative to the other labs.

(2) However, there are only two results for Lab E.
(3) Additional results could potentially diminish this lab difference.

s) Slide #28:

L~

RCS

F‘\tpi'-ambilit}' Model: Ln(10 — RCS) ~ Oil, Lab

Model RMSE Repeatability

* 5,.=0.219%

. 57,20.2194' * r=0.6081

Based upon the RCS

ooled standard deviat

Rt‘pr(bducibilit}' Model:
Ln(10 —RCS) ~ Oil
Reproducibility

* 55=0.2532
* R=0,7018

(S;) and ASTM’s

repeatability (r), there is no significant difference between an RCS
result of 6.88 and 8.30.

Nate 1:4n RCS result of 8. 30 was arbitrarily selected as the comparison rest result.

NMote 2:r and R are calculated as _z‘,m;x\ri *swhere s i 5, or 5y as applicable

4

i) The RCS results for the Sequence VH are very similar to those of the Sequence VG.
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t) Slide #31:

OSCR Vs. Lab / Stand
OSCR ws_ Lab [ Stand
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b There is gni)l] separation between ROs 40 and 1011
® The 940 and 1009 data appears 10 be hi-miodal
. The SP has discussed the patential that the apparent severity may change with the amount of time from test end to rating evaluation with the
severity decreasing with increasing time.
*  The TF will investigate maclifying the rating procedure to inchude a tightened range of when the rating s performed.
e * Targetswill he calculated once 2 sufficient nmber of tests have been performed using the new procedhure.

P

i) The OSC results for REO940 have a bi-modal distribution.

i) The OSC results for REO1009 also have a bi-modal distribution with a much larger gap
between the low and high values.

i) A task force has been formed to improve the OSC rating method used for the Sequence
VH test.

iv) The statisticians were instructed to not establish OSC targets using the Precision Matrix data.

u) 100% Varnish Ratings:
i) The statisticians did not review the slides in this presentation that covered the 100% APV
and AEV parameters.
i) The decision was already made to use the 50% APV and AEV parameters for the Sequence
VH test.

v) Slide #42:
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Correlation of AEV50 with Crankcase

Pressure

___Awerages Used for Plot Centeri

Reldunl AEYS 0 vE, Standardized Avg. Crankcase Pressure -

- B Jata A Phase | Awerage Crankcase Pressure

o I e 1 0.088

0 ———— o 3 0.222

it T 3 0031

e
gt o NG s . Crankcase Pressure Resid.
L — = = 3 2 f Phase 1 | Phase 2| Phase 3 |All Phases|AEVS0
oy R Phase 1 1 0.51 0.74 0.93 0.07

o : Phase 2 1 0.15 0.68 0.03

i o Phase 3 1 0.80 0.21

ol et I Al Phases 1 0.13

= . " Res. AEV50 1

<020 215 10 k] il 0gs o1 015 o oS
o e e
¢ The Average Crankcase Pressure is standardized (centered) about the average for each Phase.
¢ The Residuals are obtained from regressing AEV50 on Oil.

*  The Crankcase Pressure for each Phase is slighltly positivcl'\' correlated (correlation coefficient of
0.03 10 0.21) with Residual AEV50,

¢ Crankcase Pressure Phase 3 has the highest correlation with AEV50 Residuals.
@ #  Crankcase Pressure Phase 3 is not .-.laliatn;all_\ significant (p-Value = 0.36). ‘/

i) The lines for the Stage/Phase 1 and 2 correlations are fairly horizontal.
i) The line for the Stage/Phase 3 correlation has a slope, but it is not statfistically significant.

w) Slide #43:

%

Correlation of AEVB0 with Left Lambda

Residual AEV 50 vs. Stardardized Avg. Left Lambela Awerages Used for Plot Cenhaﬁng
" . B Phase Average Left Lambda
e 1 1004
i 2 0.895
3 0745
Left Lambda Resid.
"E’ Phase 1 | Phase 2 |Phase 3 |All Phases |AEV50)|
Phase 1 1 0.81 0.04 0.82 0.39
Phase 2 1 0.09 0.77 0.33
Phase 3 1 0.38 0.36
i All Phases 1 0.51
Res. AEVS0 1

* The ;\'.'c'rag{- Left Lambda is standardized (centered) about the average for each Phase,
¢ The Residuals are obtained from regressing AEVS0 on Oil.

*  Left Lambda for each Phase is slightly positively correlated (correlation coefficient of 0.33 to 0.51)
with Residual AEV50,

* The average of all 3 Phases has the highest correlation with AEV50 Residuals.
@ ®  Average Left Lambda is statistically significant (p-Value =0.02).

S

i) Thereis a positive slope for the correlations for all three Stages/Phases.
i) So the correlation between AEV50 and the left-side lambda measurement is statistically
significant.

x) Slide #44:
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Correlation of AEV50 with Right
Lambda

Residual AEVED vs. Standareized] Avg. Right Lambda Averages Used for Plot Centering

04 . & “ ok Phaze Average Right Lambda

o '__f___-___________,._-—f i 1 1.005

i T o b v 2 0.993

B4 T ¥ 3 0.755

o =
£ o P Right Lambda Resid.
B0l T e -f Phase 1]Phase 2 [Phase 3 [All Phases |AEVS0
|5 e Phase 1 1 002 | 012 | 070 | o026

o - Phase 2 1 0.18 0.46 0.1

o . Phase 3 1 037 [-0.56

i - lAll Phases 1 -0.18

¢ Res_ AEVS0 1

BRI T

*  The Average Right Lambda is standardized {centered) about the average for cach Phase.
The Residuals are abtained from regressing AEV50 on Oil.

¢ For Phase 1, Ri§h Lambda |ss]1ght|y pn:«‘n{\'r]_\' corrclated with Residual AEVS0, however, for Phases 2 and 3, the
correlation cocflicients are negative.

*  Right Lambda Phase 3 has the highest absolute correlation with AEVS0 Residuals,
@ * Right Lambda Phase 3 is statistically significant (p-Value = 0.007).

i) The strongest correlation between AEV50 and the right-side lambda measurement is with
the Stage/Phase 3 data.

i) All of the Stage/Phase 3 data supports a negative correlation.

i) The engineering team is of the opinion that this correlation does not make sense from a
technical standpoint.

iv) Afton’s comments:
(1) The statisticians may want to look at the difference between the left-side and right-side

lombda measurements instead of each individual measurement.

y) Slide #45:

{:/ “‘\\
AEV50 by Stand
AEVED vs. Qil
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@ *  Oil ranking appears to differ across stands, however, the sample size is low.
\
N

by *  Stand G / 2 shows minimal Qil discrimination.

i) There are stand differences with the AEV50 parameter.
i) Stands A1 and D1 have a V-shaped frend.
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i) The frend for stands A2 and G1 is a straight line.

z) Slide #46:

AEV50 Vs. Lab / Stand

AEV50vs. Lab / Stand
o
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®  The AEV50 results are closer to the VU targets than AEV but the results for each of the oils
overlap with each other.

\@ s Tab HH\«H'\I}: differences are .|l‘1]1i3n>.nl,
i\

i) The results for REO940 and REO1009 straddle the targets for the Sequence VG test.

i) There are lab differences with REO940 and REO1009.
iii) Affon’s comments:

(1) It would be interesting to repeat this analysis with just the left-side and right-side

camshaft baffle varnish measurements.

aa) Slide #48:

P

/;’
5

I \\\
AEV50 Regression Analysis
* AEV50 was regrcsscd on: Jann df - Velio
] Qil 2 0.0051
» ()il Lab 3 0.0193
Stand[Lab)]] 2 0.4905
® Lab
® Slamlll,ah]
Qil Laval LS Mean
* Both the Qil and Lab terms 1011 [ 1 9.26
- .. 1009 2 8.82
are statistically significant. 940 > | 874
2 Qils not connected by the same
® Oils 940 and 1009 are Level are statistically
statistically sigrliﬁcaxllly significantly different.
different from 1011. Lab Lovel [LS Mean
G 1 9.24
® : A et e E 1 2 8.92
lab Gis s‘tatlst.uja.]|y ; A
significantly different from D 2 | 874
Labs not connected by the same
@ Lﬁ.bS A and D Level are statistically
e significantly different. o

i) The AEVS0 results for Lab G are milder than the results from the other labs.
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bb)

)

cc)

)

dd)

Slide #49:

v

L

AEV or AEV507?

Choose AEV50 as it has:
¢ Lower p-Value for Oil term (0.005 vs. 0.033).
® Lower s (0.25 versus 0.28)

® Results for 940 and 1009 are better centered about the VG
targcts.

Note that the Lab effect is statistically significant [or AEV50 but
is only borderline statistically significant for AEV. The range
between the highest and lowest Lab LS Mean for the two
parameters is similar but AEV50 has a lower RMSE
contributing to the difference in statistical significance.

A

The statisticians do not think that lab differences will be created by transitioning to the

AEV50 param

Slide #50:

eter (in place of the original AEV parameter).

i
!

Q
\\

AEV50

Repeatability Model: AEV50 ~ Qil, Lab

~ il

Model RMSE Reproducibility

s =0.25 * 5=0.25 = sp— {131
VG LTMS s = 0.16 ¢ =069 * R=0.386

Based upon the AEV50 pooled standard deviation (S;-) and

ASTM’s repeatability (r), there is no significant difference

between an AEV30 result of 8,21 and 8.90.

Nt 1:Au AEV50 result of 8.90 was urbitrarily seleciaad us the compurisun est resul,

Nare 2:x and R are ealewlared as 2. 77 s where 2 #s 5 or 5y as applicahle

Reproducibility Model: AEV50

The standard deviation for AEVS0 is higher for the Sequence VH test than it was for the
Sequence VG test.

Slide #63:
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)
Rezidue] APVEQ vz, Standandized Avg. Left Lamida Averages Used for Plot Centaring
P .a
T gl S S UN 3 | Prase | Aversgelefilembda |
M T b 1 1004
o] ., ’ i 2 0.008
st X 3 0715
L ¢
gy / | Left Lambda Resid.
I e ~E Phase 1 |Phase 2 Phase 3 |All Phases| APV50
LI - " Phase 1 1 0.81 -0.04 0.92 0.27
. . — Phase 2 1 -0.08 0.77 0.30
i S Phase 3 1 0.35 | 0.50
- *"'—’./% - “ |AnPhases 1 046
aa Lo Res. APV50 1
Fdwe i amn o 1w ogn A a1 e aer
Sareiard 2ed dug Left Lambes
s The .‘\L‘Hr.]gﬁ 1 el Lambula is standardivzed ({'PIIIPTP[]J about the average lor each Phase,
* ‘The Residuals are obtained from regressing APV 50 on Oil,
®  Left Lambda for cach Phasc is positively correlated (corrclation cocficient of U.27 to 0,50) with
Residual APV30.
= Lefl Lambnla Phase 3 has the ]Iight—'.‘;l correlalion with APV30 Residuals,
@ *  Average | oft Lamhida is statistically significant (p-Value = 0,07}, |
\\ 7.

i) All three lines have clear positive slopes.
i) The line for Stage/Phase 3 has the largest positive slope, so the correlation between APV50
and the left-side lambda measurement is staftistically significant during this stage.

ee) Slide #64:

~~ -H-x‘\
Residual APVSD vs, Standardized Ava, Riaht Lamibda *a Averages Used for Plot Centering
- * Gi o . v E Phase Average Right Lambda
. St ey ol — 1| 1.005
o — vt 4
" '_—r_-" o Z 0.993
i : . 3 0755
13 Lo
g o o
0 —_— 3 Right Lambda Rasid.
5 o Al < . il Phase 1 Phase 2 | Phase 3 |All Phases|APVS0
= =g Phase 1 1 0.02 0.12 0.70 023
;: Phase 2 1 .18 0.46 0.07
w Phase 3 1 0.37 -0.66
2% b = All Phases 1 -0.15
w i Res. APV50 1
awn amn ahe ohe of A% ame nes odm e
Standasdzed Nirg. Slgm Larrbda
®  The Average Right Larnbda is standardized (centered ) about the average [or each Phase.
¢ The Residualsare nhrained from regressing APV an Oil.
#  Tor Phases | and 2, Raght Lambda s shightly positively correlated with Residual APV 50, however, for Phase 3, the
correlation is negative =
*  Right Lambda Phase 3 has the highest absolute correlation with APV50 Residuals
\@ * Right Lembda Phase 3 is statistically significant (p-Valuc = 0,0009), )
i, s

i) The line for Stage/Phase 3 has a negative slope.
i) The group agreed that the negative slope does not make sense from a technical
standpoint.

ff) Slide #65:
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7 i
APV50 by Stand
AFVE0 vs. Gil
Lab/ Stand LIMSLAE
AL Atz /1 E/3 &/t gzl __,
—0
—
. | o[
sl £
83 | r / [ :
/
/ I
L .r/ / f / \
g f l"‘I f , *
"camal et Fi
AN
] L
{ N
ba S
69
FEFLLF PSS F PSS IS F P
ol
@ *  Oil ranking is similar across stands except for Stand G/ 2, however, the
b\, sample size is low. /

TV g

i) This chart supports the theory that the APV50 parameter is probably driving the differences
in the AEV50 parameter.

i) The APV50 results for Lab G are milder than those of the other labs.

gg) Slide #66:

APV50 Vs. Lab / Stand

APVS0vs. Lab/ Stand
o3

940 100% 1011
a5

= "G
0 - =G Tan
. -

83

60

o o e o oy o
N AR LAY \ N

WY Y \ W
vrode o AL A ) e ot etete
Lak: f Stand

® APV50is closer to the VG target than APV.
@ ® There is considerable overlap af the oils with each other.

!
ik

i) The APVS50 results for REO940 and REO 1009 are centered on the Sequence VG targefs.
i) The REO940 and REO1009 results for Lab A are lower than those of the other labs.
(1) This is not the case with REO1011.

i) There may be an oil and lab interaction with the APV50 data.
(1) This is very concerning and could lead to problems with the LTMS model.

hh) Slide #69:
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i) The APV standard deviation for the Sequence VH test is much higher than for the

APV50

I{e['m'u‘lurihi ]i'r}-' Model: APV50
~ (il

Repeatability Model: APV50 ~ Oil, Lab

Model RMSE Reproducibility

+ 5.=053 & g =083 + 5x=0.63
* VGITMSs=0.31 = =147 s R=1.75

Based upon the APV50 pooled standard deviation (S;.) and

ASTM’s repeatability (r), there is no Higniﬁ:tﬂn! dilference

between an APV50 result of 6.03 and 7.50.

Nowe 1: An APF50 veault o 7.50 way arbitrarily selvcted ay the compuarison test result.
Note 2:r and R are ralrulated ae 2.77 %5 where < is 5, ar 5 as applicable.

k
\@
Y

Sequence VG test.

ii) Slide #70:

APV or APV507?

Choose APV50 as it has:
* Lower p-Value for Oil term (0.002 vs. 0.028).
¢ Lower s (0.53 versus (0.54)

® Results for 940 and 1009 are better centered about the VG
t:n'gets.

Note that the Lab eftect is statistically significant for APV50 but
is only borderline statistically significant for APV. The range
between the highest and lowest Lab LS Mean for the two
parameters is similar but APV 50 has a lower RMSE
contributing to the difference in statistical signiticance.

©

i) The statisticians are recommending the use of APV50 instead of APV.

ii) Slide #73:
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Parameter Correlation

Carnrelation Coeflicients of Raw Dala Comrelation Coefficients of Residuals
AES Ln[10-RCS] | AEVSD APVED AES Ln[10-RCS]| AEVS0 | APVEOD
BES 1 -0.86 0.40 0.62 JAES 1 -0.56 0.24 0.14
Ln[10- RCS]] -0.86 1 -0.39 -0.58 Ln[10-RCS]] -0.56 1 0.10 <047
IAEVS0 0.40 -0.39 1 0.86 JAEVS0 -0.24 0.10 1 0.78
APVEQD 0.62 -0.58 0.88 1 JAPVED 0.14 -0.17 0.78 1

¢ Residuals are [rom models of parameters regressed on Qil
and Lab.

* Both methods indicate high (absolute) correlations within
Sludge and Varnish pairs.

¢ Appendix K suggests redundant parameters are characterized
by correlation coefficients exceeding 0.85.

® This would indicate that there is r(:t]undam:_v within the pair of
RCS and AES as well as the pair AEV50 and APV50,

¢
‘-.@ vl

i) There are high correlations between AES and RCS, and also between AEV50 and APVS50.
(1) These correlations come as no surprise.
ii) Ford’s comments:
(1) Ford would like to keep all of these parameters in place (even though some may be
redundant).

kk) Slide #85:

-

AES

Model: AES ~ Oil

Model RMSE! Repeatability! Reproducibility

* oSy =048 © 5=048 + sp=048
* VGLTMSs = « r=1.33 + R=1.33
0.45

Based upon the AES pooled standard deviation (S, ) and ASTM’s

repeatability (r), there is no significant difference between an AES
result of 6.67 and 8.00.

Note 1: Muded RUSE fevus model with offocts of Oil wisd Lab wes higher (051 than 0l valy aandel (0.48). Tndusiry statistics
group determined RMSE from Ol only model was more uppropriate to represent test repeatablety.
k @ Nota 2 AS rusl.of 8,000 s cnbideueily ciluctenl o5 the cwmpuirisore i eesult,
\
\

Note 3or and R ave calenlored as 2. 77 whera s #s 5, ar s as applicahls. )

i) The presence of the Lab E data does not have a large impact on the standard deviation

of AES.
i) As aresult, there is not a strong case for removing the Lab E data.

II) Concluding Remarks by D. Boese:
Page 19



i) The Sequence VH test shows oil discrimination.
i) There are no significant differences among the stands within a given lab.
i) There are no strong reasons to hold back this test.
iv) Lubrizol’'s comments:
(1) Lubrizol reminded the group that the statisticians did identify a varnish interaction
between an oil and a lab.
(2) This is a concern in terms of the LTMS model.

Action ltems Person responsible = Completion Date
Schedule a follow-up conference call to discuss crankcase | VH Development
pressure vs. PCV clogging and blowby flow rate. Task Force

Follow-up Notes/Updates: Initials Date Added
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