Sequence III Surveillance Panel Teleconference
Minutes
Tuesday November 13, 2018

Agenda

As the host, I have not in the past and will not in the future record any ASTM meeting and there are no “authorized persons” that may record an ASTM
meeting. As a reminder to everyone the recording of ASTM meetings is prohibited.

1.0) Attendance
E—

Attendance.pdf

2.0) Approval of minutes

2.1) Minutes from 9/25/2018 Meeting — approved as issued.

FOF
3.0) IIIH Action Items MH 434-3
Targets-Revised.pdf

3.1) IIIH Data Review of 434-3 - Dvorak

Todd Dvorak presented (attached) the stats group’s target analysis for oil 434-3. It was noted for
WPD and PHOS, there is no significant difference between 434-2 and 434-3 and therefore no target
changes are recommended. PVIS and MRV show differences between the two blends, and therefore it is
proposed to update targets using In for PVIS (slide 8) and substituting the PVIS Yi for the MRV Yi for
reference oil 434-3 only (slide 12). It was noted that the PVIS uses a natural log transform for oil 434-3
only (other reference oils are not transformed). It was also noted that with more data, the panel may need
to revisit targets in the future.

Motion (Altman/Schweitzer): Accept the stats group recommendations for PVIS and MRV for
reference oil 434-3 — see table below. The motion passed 17-0-3.

434-3 Mean Standard
Deviation
LnPVIS 5.7602 0.6598
WPD same as 434-2
Phos same as 434-2
LnMRV use LnPVIS yi for SA

Motion (Altman/Schweitzer): Declare this to be an urgent target update, making the targets
effective immediately for all future 434-3 test results, as well as all 434-3 tests that are in a pending status
as of November 13, 2018. The motion passed 16-0-4.

Motion (Schweitzer/Stockwell): Reference oil 434-3 is now available for referencing (it had
previously been suspended). The motion passed without objection.



4.0)

3.2) IIIH Engine Storage and Rebuild task force - Altman & Betz
A meeting is expected sometime later this month. Details for future plans might be forthcoming
after that meeting.

3.3) Maintenance of older API S categories.

Todd Dvorak commented that there is interest in analyzing the data of the correlation tests and he
expects the stats group to take this up in the near future. Once the data is reviewed the Seq. III panel will
likely need to determine how to move forward.

New Business

4.1) Brulin 815 QR DF used in ultrasonic cleaner

Addison Schweitzer informed the group that Brulin 815 QR DF is being replaced by 815 QR NF.
It is expected that this is a functional equivalent (per Brulin’s statement) and the change is intended to
increase biodegradability.

Motion (Schweitzer/Stockwell): Labs are permitted to change to 815 OR NF at their discretion,
though they are indicate the first use in a reference test in the report comments and are to notify the panel
of the results. The motion passed without objection.

Action Item: the TMC will issue an information letter accordingly.

4.2) Reference Oil Test Quantity

Ed Altman noted that the oil volume for reference oil samples is excessive. The panel concurred
that 2.5 gallons would be sufficient. If any lab feels this is not sufficient, they must notify the TMC by
November 21, 2018.

Action Item: labs notify the TMC by 11/21/18 if 2.5 gallons is not enough oil per test.
Action Item: TMC reduce reference oil sample quantity to 2.5 gallons, assuming no lab

indicates that to be an insufficient quantity.

4.3) Introduction of the Next Batch of Piston Rings (BC-6 rings)

The next batch of rings will need to be introduced in the next few months. The BC-6 rings were
made at the same time as the BC-5 rings, but they were not gapped. There was discussion over batch sizes
and inventory life.

Action Item: OHT was asked, and agreed, to send a set of BC-6 rings to the labs for
measurement.

Action Item: labs to provide Todd Dvorak with the measurements for analysis

The hope is that, after the labs measure the rings and assuming they check out, then perhaps the
BC-6 rings can be introduced as a FIFO running change.



5.0)

6.0)

4.4) Quality Index Calculation Wording

Rich Grundza suggested that the IIIH method be changed to make reference to the DACAII report
rather than actually spell out the QI protocol (mainly for purposes of document control). Additionally,
over/under range limits did not previously exist. It was also pointed out that the report forms would need
to be changed to accommodate over/under range reporting.

Motion (Grundza/Stockwell): To accept the changes to the QI protocol as shown in the attached
document, effective December 1, 2018. The motion passed without objection.

Action Item: the TMC will issue an information letter accordingly.

. . . QI Protocol.pdf
Action Item: the TMC will update report forms accordingly.

4.5) PVIS Transformation in IIIH Test Method
Rich Grundza noted a necessary correct to show PVIS as a transformed parameter. He provided a
revised Table 7 (attached) which will be issued in an Information Letter.

Action Item: the TMC will issue an information letter accordingly.

TABLE 7 Test
Precision for Sequenc

Next Meeting
Tentatively set for 1/15/19 unless a call is necessary for BC-6 ring introduction

Meeting Adjourned
11:55 a.m. EST
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Ricardo Affinito affinito@chevron.com N-V Member Present_
Robert Bacchi robert. bacchi@basf.com N-V Member Present______
Doyle Boese doyle.boese@infineum.com N-V Member Present_
Adarm Bowden adbowden@ohtech.com N-V Member Present_
Dwight H. Bowden dhbowden@ohtech.com N-V Member Present_____
Matt Bowden mjbowden@ohtech.com N-V Member Present _V_/-
Jerome A. Brys jerome.brys@tubrizol.com N-V Member Present______
Jessica Buchanan iessica.buchanan@lubrizol.com N-V Member Present____
Bill Buscher (I william.buscher@intertek.com N-V Member Present_
Bob Campbell bob.campbell@aftonchemical.com N-V Member Presentf
Domingo Carreon domingo.carreon@intertek.com N-V Member Present_____
Jim Carter icarter@gageproducts.com N-V Member Present__
Chris Castanien chris.castanien@nesteoil.com N-V Member Present_
Timothy L. Caudilt ticaudili@ashland.com N-V Member Present______
Martin Chadwick martin.chadwick@intertek.com N-V Member Present _'/
Ankit Chaudhry ankit. chaudhry@swri.org N-V Member Present_
Jeff Clark jac@astmtme.cmu.edu N-V Member Present L
Sid Clark sidney.clark@swri.org N-V Member Present _’/-
Tim Cushing timothy.cushing@gm.com N-V Member Present_'/
Phil Davies daviesjp@bp.com N-V Member Present_____
Lisa Dingwell Lisa.Dingwell@AftonChemical.com N-V Member Present

Todd Dvorak todd.dvorak@aftonchemical.com N-V Member Present_]é
Frank Farber fmf@astmtme.cmu.edu N-V Member Present_____
Joe Franklin joe.franklin@intertek.com N-V Member Present_
Rolfe Hartley rolfehartiey@amail.com N-V Member Present
Karin E. Haumann karin.haumann@shell.com N-V Member Present_
Jason Holmes jason.holmes@basf.com N-V Member Present____
Travis Kostan travis.kostan@swri.org N-V Member Presen;_]é‘
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Name/Address Phone/Fax/Email Signature

Walter Lerche walt.lerche@gm.com N-V Member Present______
Charlie Leverett charlie.leverett@yahoo.com N-V Member Presenti
Jim Linden lindenjim@jlindenconsulting.com N-V Member Present_____
Michael Lochte Michael. lochte@swri.org N-V Member Present_
Jo Martinez JoMartinez@chevron.com N-V Member Presenti
James Matasic james.matasic@lubrizol.com N-V Member Present_____
Mike McMillan mmcmillan123@comcast.net N-V Member Present___
Kevin O'Malley kevin.omalley@Iubrizol.com N-V Member Present______
Mark Overaker mhoveraker@jhaltermann.com N-V Member Present_____
Christian Porter christian.porter@aftonchemical.com N-V Member Present___
Phil Rabbat phil.rabbat@basf.com N-V Member Present_____
Scott Rajala srajala@ilacorp.com N-V Member Present
Bob Salgueiro bob.salgueiro@infineum.net N-V Member Present___
Elisa Santos elisa.santos@infineum.com N-V Member Present_
Hirano Satoshi satoshi_hirano aa@mail.toyota.co.jp N-V Member Present__
Philip R. Scinto prs@lubrizel.com N-V Member Present
Thomas Smith trsmith@valvoline.com N-V Member Present_
Robert Stockwell robert. stockwell@chevron.com N-V Member Present__
Chris Taylor chris.taylor@vpracingfuels.com N-V Member Present______
Ben Weber bweber1@sat.rr.com N-V Member Present____
Angela Willis angela. p.willis@gm.com N-V Member Present_

Updated 20170905, 20180105 added Domingo, 20180122 removed Terry Bates, 20180130 removed Bob Qlree,

20180212 removed Rutherford, 20180511 removed Heimrich, Johnson, 20180724 Removed Lindholm, Farnsworth,
20180820 removed Andrews
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434-3 Re-Blend Target Analysis

Statistics Group
November 13, 2018
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Statistics Group

* Doyle Boese, Infineum

® Jo Martinez, Chevron Oronite
* Kevin O’Malley, Lubrizol

* Lisa Dingwell, Afton

® Todd Dvorak, Afton

® Martin Chadwick, Intertek

® Travis Kostan, SwWRI

® Rich Grunza, TMC
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Sequence lIIH Re-Blend Target Analysis

® Several options were considered for selecting the data for the (RO434-3) analysis, which
included various combinations of piston batches and reference oils.

Data Included in Analysis

BC5 Post PM
n BC2 PM BC2 PostPM | BC3 PostPM | BC4 PostPM | BC5 PostPM | with RO434-X
28 (PM Targets) 4
46
80
102
103*
124
146
168 v

v

v

A NI NI N NN
AN N N NI

v
v v v

ANENENE NN

* Statistics Group selected the n = 103 * analysis data set for the following reasons:

® The Precision Matrix (PM) and PostPM variance shift! occurred during piston batch 2. Including
this factor in the model will enable the prediction of 434-3 - as if it were run during the PM.

® The piston batch 5 captures the variance shift with the change from batch 2 to batch 5 pistons.
Including this factor in the model will enable the prediction of reference oil 434-3 with Batch 2
pistons (which were run during the PM).

® The n = 103 includes 1 additional result from Lab D with RO 434-3. This is from a stand that will
be “chartable” when the new stand is calibrated. (This data point enhances the estimates for 434-3.)

I'The PostPM variance shift may be related to the cylinder honing process change that occurred after the PM. /

(-,
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Sequence lIIH Re-Blend Target Analysis

® Selected Analysis Data Set:

LTMSTarget data set - Precision Matrix (PM):
* N = 28 results with Batch 2 Pistons

Data set to capture potential severity shift — Post Precision Matrix (PostPM)
® N = 22 results with Batch 2 Pistons

Data set to capture potential severity shift with Batch 5 Pistons (PostPM)
* N = 52 results with Piston Batch 5 (includes RO434-3 Re-Blends data)
* N =1 Lab D result with RO434-3 on Piston Batch 5 (result with be “chartable” when stand calibrates)
* Analysis data set total N = 103 results

List of analysis data set TestKeys are summarized below (**excluding the yet to be “Chartable”result from lab D*%*):

Test Key Phase Test Key Phase Test Key Phase Test Key Phase Test Key Phase
106774-11IH PM-BC2 106781-11IH PM-BC2 117481-1IIH  PostPM-BC2 131747-IH  PostPM-BC5 131742-IH  PostPM-BC5
106778-11IH PM-BC2 106777-11IH PM-BC2 107882-1IH  PostPM-BC2 128437-IH PostPM-BC5 131740-IIH  PostPM-BC5
106763-1TH PM-BC2 106780-1ITH PM-BC2 110992-1IH  PostPM-BC2 134133-1IH PostPM-BC5 131751-IH  PostPM-BC5
106797-1IH  PM-BC2 106785-11TH PM-BC2 107874-1IH  PostPM-BC2 131176-IH  PostPM-BC5 134136-1IH  PostPM-BC5
106767-1IH PM-BC2 111422-11IH PM-BC2 117477-11IH  PostPM-BC2 133377-1IH  PostPM-BC5 131743-IH  PostPM-BC5
107873-1IH  PM-BC2 106783-11IH PM-BC2 111968-1IH  PostPM-BC2 133378-1IIH  PostPM-BC5 137514-1IH  PostPM-BC5
107869-1IH  PM-BC2 107883-11IH PM-BC2 117425-1IH  PostPM-BC2 127170-1IH  PostPM-BC5 131183-1IIH  PostPM-BC5
107870-11IH PM-BC2 116665-1IIH  PostPM-BC2 119739-1IIH  PostPM-BC2 135503-1IIH  PostPM-BC5 134137-1IIH  PostPM-BC5
106792-1IIH PM-BC2 116416-1IIH PostPM-BC2 128423-1IH  PostPM-BC5 134093-IH  PostPM-BC5 138250-IIH  PostPM-BC5

106789A-1IIH PM-BC2 111419-IH  PostPM-BC2 127166-1IH  PostPM-BC5 135554-1IH  PostPM-BC5 131741-IH  PostPM-BC5
106768-11TH PM-BC2 116663-1IH  PostPM-BC2 131179-IH  PostPM-BC5 134139-1IH  PostPM-BC5 135504-1IH  PostPM-BC5
110227-1IH  PM-BC2 116664-1IH  PostPM-BC2 131738-1IH  PostPM-BC5 133381-1IH  PostPM-BC5 137516-1IH  PostPM-BC5
106793-1IH PM-BC2 116668-1IH  PostPM-BC2 133379-IH  PostPM-BC5 126206-1IH  PostPM-BC5 134134-IIH  PostPM-BC5
110228-1IH PM-BC2 116669-1IH  PostPM-BC2 131182-1IH  PostPM-BC5 131180-IIH  PostPM-BC5 139725-1IH  PostPM-BC5
106775-11IH PM-BC2 117475-1IH  PostPM-BC2 131737-1IH  PostPM-BC5 135553-1IIH  PostPM-BC5 127171-1IH  PostPM-BC5
107872-1IIH PM-BC2 116667-1IIH  PostPM-BC2 131735-IH  PostPM-BC5 134094-IH  PostPM-BC5 138251-IH  PostPM-BC5
106795-11TH PM-BC2 111969-1IH  PostPM-BC2 131171-IH  PostPM-BC5 131739-IH  PostPM-BC5 138252-1IH  PostPM-BC5
106786-11TH PM-BC2 111420-lIH  PostPM-BC2 122949-1IH  PostPM-BC5 134135-1IH  PostPM-BC5 137515-IH  PostPM-BC5
106779-1IH PM-BC2 117473-1IH  PostPM-BC2 131736-IH  PostPM-BC5 131746-1IH  PostPM-BC5

106776-1IH  PM-BC2 117478-1IH  PostPM-BC2 126202-1IH  PostPM-BC5 127169-1IH  PostPM-BC5

106791-1IH  PM-BC2 117476-1IH  PostPM-BC2 133380-1IH  PostPM-BC5 131750-1IH  PostPM-BC5






Ln(PVIS) Analysis
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Sequence lIIH Re-Blend Target Analysis

® Current [IIHTrends for Ln(PVIS) by Piston Batch, Phase, and RefOil Re-Blends

The “Phase” and “Piston Batch” factors are intended to account for a variance shift in IIIH performance following the PM

Below plot suggests an increase in Ln(PVIS) when comparing RO434-2 results to RO434-3 results within Piston Batch

BC5
Ln{PVIS OR) vs. Phase
RefQil . A
. RO436 RO434-2 RO434-3 RO438-1 * B
- ™ D
- * E
[(3 » . . G
Phase” Variance & Ln(PVIS_OR)
. Shift Example 434-2 vs. 434-3 =
On same piston batch
\ 5T
. '
L ] "
— 3 % ¢
= (1] »
]
LA L
z s| 7 *
& - *
4 : .
w 2 ls
] - e
H : -
3_
| .
.
BC2 vs. BC5 Piston
: S G s B ¢ SR S« B/ G/ G - < P ¢ S &
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Sequence lIIH Re-Blend Target Analysis

® Regression modeling results with Ln(PVIS) parameter

¢ Factors included Reference Oil Re-Blends, Lab, Stand[Lab], Phase, and Piston Batch

* Significant statistical differences between Reference Oil Re-Blends (RO434-3 & RO434-2"), Phase, and Piston Batches

~ Response Ln(PVIS_OR)
4 Whole Model

[ Actual by Predicted Plot

[ Effect Summary

I Lack Of Fit

[ Residual by Predicted Plot

4ASummary of Fit
RSquare 0.731109
RSquare Adj 0.652824
Root Mean Square Error 0.598345
Mean of Response 3.987659
Observations (or Sum Wgts) 103

< Analysis of Variance

Sum of

Source DF Squares Mean Square  F Ratio
Model 23 76.90158 3.34355  9.3361
Error 79  28.28331 0.35802 Prob > F
C. Total 102 105.18489 <0001

4 Parameter Estimates
Term Estimate Std Error t Ratio
Intercept 44963132 0.091248 4828
LTMSLAB[ A] -0.047606 01222 -0.39
LTMSLAB[ B] 0.1016224 0.152111 0.67
LTMSLAB[ D] -0.165083  0.15639 1.06
LTMSLAB[ E] 0.5386332 0.199551 2.70
LTMSLAB[ALLTMSAPP[1]  0.3429781 0.198034
LTMSLAB[ALLTMSAPP[Z]  0.0713881 0.196846
LTMSLAB[ALLTMSAPP[3]  -0.164798 (0.22853535
LTMSLAB[B:LTMSAPP[3A]  0.067052 (0.306294
LTMSLAB[B:LTMSAPP[1]  0.0588177 0.222345
LTMSLAB[BLLTMSAPP[Z]  -0.245447 0.353743
LTMSLAB[ DELTMSAPP[1]  -0.030947 0.233113
LTMSLAB[ DE:LTMSAPP[2]  -0.013084 0.260371
LTMSLAB[ DILTMSAPP[3]  -0.168434 0.352443
LTMSLAB[ GLLTMSAPP[1]  -0.010249 0.207986
LTMSLAB[ GL:LTMSAPP[2]  0.5709542 0.225818
LTMSLAB[GL:LTMSAPP[3]  -0.559736 0.308889
LTMSLAB[ GL:LTMSAPP[4]  0.3085989 0.248597
LTMSLAB[GI:LTMSAPP[S]  -0.094538 0.271835
RefQil[RO426] -1.150742  0.09817
RefQil[RO434-2] 0.094536 0.118107
RefQil[RO434-3] 14151881  0.15631
MatrixPhase[PM] 0.2883381 0.095418
Pist_Batch[BC2Z] -0.309611 0.100073

4 Effect Tests

Sum of

Source Nparm DF Squares  F Ratio
LTMSLAB 4 4 5856624  4.089
LTMSAPP[LTMSLAB] 14 14 4962832  0.9901
Refil 3 3 58363071 54.3363
MatrixPhase 1 1 31269266 9.1316
Pist_Batch 1 1 2426037 9.5720

Prob>|t]
<0001
0.6979
0.5060
0.2044

Prob > F

04713

VIF

2.4766635
3.2000033
3.3825764

© 37730234

14287778
139806544
14718775
1.5722631

1.729438
17442116
15974337
13089506

1387821
1.6728142

5% 1.8392028

2.1230408
17261803
18560582
17484851

2.180382
2.6065648
2.0730387

2.878603

~|RefOil
I Leverage Plot
4 Least Squares Means Table

4 [*|MatrixPhase
[ Leverage Plot
4 Least Squares Means Table

A = |Pist_Batch
[ Leverage Plot
4 Least Squares Means Table

Least Least Least
Level SqMean  5td Error Mean Level SqMean  5td Error Mean Level SqMean  5td Error Mean
RO436  3.3455710 0.11866313 2.19639 PM 47846513 0.159%352  4.09893 BCZ2 41867022 0.12889230 3.87258
RO434-2 4.5908492 0.14025747 4.35867 PostPM  4.2079750 0.09633103 3.94612 BCS  4.8059242 0.14166276 4.09623
g 59115013 0.20405157 571932 4 = Least Squares Means Plot 4 = Least Squares Means Plot
RO438-1 4.1373313 0.13160802 3.88066 <2 <>
[ =|LSMeans Differences Tukey HSD
4 = Least Squares Means Plot 2.0 3.0
b3 248 248
60 - -
v 45 Y 46
% 33 § 44 § 44
= g g
2_ 30 42 42
O 4s
g 40 40
E’ 40
28 M PostPM 8 BC2 BCS
35 MatrixPhase Pist_Batch
30 o RO434-2 RO434-3  RO438-1
£l
Least
Level 5q Mean
RO434-3 A 50115013
RO434-2 B 4.5008442
RO438-1 C 41373313
RO436 D 3.3455710
Levels not connected by same letter are significantly different.
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value
RO434-3 RO436 2.565930 0.2173755 1.995413 3.136447 <.0001° — | ~ ;
RO434-3 RO438-1 1774170 0.2283221 1174923 2.373417 <. 00017 | 1
RO434-3 RO434-2  1.320652 0.2410856 0.687906 1.953308 <.0001° v
RO434-2 RO436 1.245278 0.1664914 0.808310 1.682247 <.0001°
RO438-1 RO436 0791760 0.1553748 0.383068 1.199552 <.0001°
RO434-2 RO438-1 0.453518 0.1724215 0.000086 0.906050 0.0493*
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* Ln(PVIS) Target Summary for Reference Oils:
® LSMeans are similar to those established during PM
® RecommendedTarget and Standard Deviation for RO434-3 is 5.7602 and 0.6598, respectively.

Current Targets (N=28 PM Analysis) Ln(PVIS_Or) Full Data Set (N = 103 Analysis)
RefOil Mean Std Dev RefQil | LSMean StdDev (Raw)
RO436 3.3289 0.3138 RO436 3.1942 0.3780
RO434-2 4.7191 0.431 RO434-2( 4.4395 0.6974
RO4343 | —><|=>=<"1 ([Ro434:3| 57602 0.6598
RO438-1 3.9754 0.9558 RO438-1( 3.9860 0.8649

Note: LSMean is the model prediction
with Piston Batch 2 and PM conditions






Ln(MRV) Analysis
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® Current [IIHTrends for Ln(MRV) by Piston Batch, Phase, and RefOil Re-Blend

Plot suggests an increase in Ln(MRV) when comparing RO434-2 results to RO434-3 results within Piston Batch BC5

Four of the 434-3 results are capped at 400,000. This will correspondingly reduce the mean and standard deviation
targets.

Ln(MRV) vs. Phase

RefQil s A
RO436 RO434-2 RO434-3 RO438-1 + B
13.0- . D
F ™ E
| 434-2 vs. 434-3 . * G
125 i
On same piston batch . 0 Ln(MRY)
12.0- - :
115 : T
: " ~ ' T
= 11.0- .
E . . : i
= s
= 10.5- . ’ LA o
. 1 & N - it
1007 o KR ’
- - o
- = m {13
9.0 - - A
85 ) ™~ i ™~ ) [ i~ ™~ i ™~ ) [T
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Sequence lIIH Re-Blend Target Analysis

® Regression modeling results with Ln(MRV) parameter

Factors included Reference Oil Re-blend, Lab, Stand[Lab], Phase, and Piston Batch
Significant statistical differences between Reference Oil Re-Blends (RO434-3 & RO434-2"), Phase, and Piston Batches

~|Response Ln(MRV)
<4 Whole Model
[ Actual by Predicted Plot
[ Effect Summary
I Lack Of Fit
[ Residual by Predicted Plot
4 Summary of Fit

RSquare 0.843153
RSquare Adj 0.795686
Root Mean Square Error 0.491188
Mean of Response 10.27956
Observations (or Sum Wgts) 100
< Analysis of Variance
Sum of
Source DF Squares Mean Square  F Ratio
Model 23 0856874 4.28560 17.7630
Error 76 1833622 0.24127 Prob> F
C. Total 99 116.9049 <0001
< Parameter Estimates
Term Estimate Std Error tRatio Prob>|t| VIF
Intercept 10.852215 0.077155 140.66 <.0001* 5
LTMSLAB[ A] 0.026355 0.101434 026 0.7957 24951658
LTMSLAEB B] -0.086441 0.132089 -0.65 0.5177 3.3801199
LTMSLAB[ D] -0.10017 0.129347 -0.77 04418 3.3910403
LTMSLAB[ E] 0.4895256  0.18413 298 O 3.7114102
LTMSLAB[AELTMSAPP[1]  0.3026534 0.163618  1.85 0. 1432404
LTMSLAB[ALLTMSAPP[Z]  0.0518112 0.161885  0.32 07498 1.4023111
LTMSLAB[ALLTMSAPP[3]  -0.214242 0.188506 -1.14 0.2503 14728303
LTMSLAB[ BELLTMSAPP[3A] -0.201288 0.294241 -0.68 04060 17908565
LTMSLAB[ BLLTMSAPP[1]  0.0610023 0.194634 031 07548 1.82765%9
LTMSLAB[BLLTMSAPP[2]  -0.035116 0.294241 -0.12 09053 1.7906565
LTMSLAB[ DELTMSAPP[1]  -0.101584 0.191857 -0.53 0.5980 1.6034769
LTMSLAB[ DELTMSAPP[2]  0.0003509 0.213629  0.00 09987 1.3107523
LTMSLAB[DELTMSAPP[3]  -0.197811 0.289752 -0.68 04068 1.3919278
LTMSLAB[ GELTMSAPP[1]  -0.045397 0.177799 -0.26 0.7992 1.6915742
LTMSLAB[ GELTMSAPP[2]  0.4351663 0.186624 224* 1.8636476
LTMSLAB[ GE:LTMSAPP[3] -0.4063 0.254066 2.1296538
LTMSLAB[ GELTMSAPP[4]  0.2331205  0.20443 17321843
LTMSLAB[ GELTMSAPP[5]  -0.062116  0.22338 1.8593082
RefQil[RO436] -1012168  0.0827 17393842
RefOil[RO434-2] 0132527 0.08824 2.2042996
RefOil[RO434-3] 19122205 0.134132 ¢ 26428026
MatrixPhase[PM] 0.2757055  0.08039 2.1600196
Pist_Batch[BC2] -0.248466 0.084833 * 2.9830757
4 Effect Tests
Sum of
Source MNparm DF Squares FRatio Prob> F
LTMSLAB 4 4 3788127 39263 O )*
LTMSAPP[LTMSLAE] 14 14 3328704 09835 04762
RefOil 3 3 79.159424 109.3667 - .
MatrixPhase 1 1 2.837813 117622
Pist_Batch 1 1 2.085380 8.6435

B = RefOil
[ Leverage Plot

4 Least Squares Means Table

4 [=|MatrixPhase
[ Leverage Plot

4 Least Squares Means Table

4 = Pist_Batch
[ Leverage Plot

4 Least Squares Means Table

Least Least Least
Level SqMean  StdError  Mean Level  SqMean StdEror  Mean Level SqMean StdError  Mean
RO436  0.840047 009818982  9.6018 PM 11127920 0.13434101 103258 BC2 10602748 0.10998697 101381
RO434-2 10.984742 011610386 10.7709 PostPM 10.576509 0.08235896 10.2616 BCS 11101681 0.11919978 104155
R 1276135 017761490 12.5678 4 ~|Least Squares Means Plot 4 ~|Least Squares Means Plot
RO438-1 0.810635 010083837  0.6179 T e
[> =ILSMeans Differences Tukey HSD
4 =|Least Squares Means Plot 114 11.2
123 » 112 w
13.0 3 § L0
= 110 =
) 125 2 2 108
£ 120 g 108 g
% 115 E = 108
g 110 Jma {00
< 105
100 2 P 102 B2 G
35 MatrixPhase Pist_Batch
90 0a36  Roszez  RO4E3  RO4IET
RefOil
Least
Level 5q Mean
RO434-3 A 12764435
RO434-2 B 10.984742
RO436 C Q. 840047
RO438-1 C 9.819635
Levels not connected by same letter are significantly different.
Level - Level Difference 5td Err Dif LowerCL UpperCL p-Value
RO434-2 RO438-1 2944800 0.1947436 243325 3456352 «.0001% .
RO434-2 RO436 2024388 0.1854542 243724 3411530 «.0001% ;
RO434-3 RO434-2 1779684 0.2083227 123773 2321662 <.0001° Vo
RO434-2 RO438-1  1.165106 0.1446143 0.78523 1.544979 .0001%
RO434-2 RO436 1144685 0.1372346 0.78421 1.505183 -.0001%
RO436 RO438-1 0020412 0.1305821  -0.32260 0.363424 0.9986
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Problem:

LSMeans from model and standard deviations will be
incorrect — with 4 results capped at the maximum MRV of

400,000
Recommended Solution:

The RO434-2 data for piston batches 2 and 5 during PM
and PostPM indicates good correlation between PVIS_Y;,
and MRV_Y, (please refer to below right chart)

Recommend substituting the calculated PVIS_Y; results for
MRV_Y, for reference oil reblend 434-3, exclusively.

Note: **PVIS_Y, substitution for MRV_Y, is not

recommended for any of the other reference oils**

Sequence lIIH Re-Blend Target Analysis

* L[Ln(MRV) Target Summary:

~|Graph Builder

MRV_Yi vs. PVIS_Yi
MatrixPhase

PostPM

MRY_Yi
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-5

5 -4 -3 -2 -1 1 2 3 4 54 -3 -2 -1
PVIS_Yi

Where{[Phase = PM-BC2, PostPM-BC2, PostPM-BCS) and (RefQil = RO434-2))

® BC2
® BCS
— Smooth






Appendix A
WPD Analysis
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Sequence lIIH Re-Blend Target Analysis

® Current [IIHTrends for WPD by Piston Batch, Phase, and RefOil Re-Blend
Plot suggests no difference in WPD when comparing RO434-2 results to RO434-3 results within Piston Batch BC5

WPD_OR vs. Phase

RefOQil s A
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6.0 « D
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Factors included Reference Oil Re-Blends, Lab, Stand[Lab], Phase, and Piston Batch

No significant difference between Re-Blends RO434-3 & RO434-2

~ Response WPD_OR

4 Whole Model
[/ Actual by Predicted Plot
[ Effect Summary

P/Lack Of Fit
I/ Residual by Predicted Plot
ASummary of Fit
RSquare 0.642776
RSquare Adj 0.338774
Root Mean Square Error 0.41894
Mean of Response 4.176117
Observations (or Sum Wgts) 103
4 Analysis of Variance
Sum of
Source DF  Squares MeanSquare F Ratio
Model 23 24048732 108473  6.1804
Error 79 13.865314 >

C. Total 102 38814047
< Parameter Estimates

0.17551 Prob

0001

Term Estimate Std Error
Intercept 4.0193758 0.063839
LTMSLAB[ A] 0.0391526  0.08556
LTMSLABJ B] -0.068373 0.106503
LTMSLAB[ D] 0.1956263 0.109499
LTMSLAB[ E] -0.2520% 0.139718
LTMSLAB[ A:LTMSAPP[1]  -0.123807 0.139356
LTMSLAB[ A:LTMSAPP[2]  -0.054816 0.1378%4
LTMSLAB[ Al:LTMSAPP[3]  0.2042142 0.160726
LTMSLAB[ BELTMSAPP[2A] -0.328884 (.214456
LTMSLAB[ BELTMSAPP[1]  -0.021888 0.155678
LTMSLAB[ BELTMSAPP[2]  -0.105482 0.247678
LTMSLAB[ DI:LTMSAPP[1]  0.1231334 0.163217
LTMSLAB[ DJ:LTMSAPP[2] -0.10071 0.182302
LTMSLAB[ D:LTMSAPP[3]  0.0423826 0.246768
LTMSLAB[G]:LTMSAPP[1]  -0.068356 0.145624
LTMSLAB[GJ:LTMSAPP[2]  0.0653027  0.15811
LTMSLAB[GJ:LTMSAPP[3]  0.0570728 0.216343
LTMSLAB[G:LTMSAPP[4]  -0.042136 0.174039
LTMSLAB[G:LTMSAPP[5]  0.0402815 0.1903%9
RefQil[RO436] 0.620963 0.069435
RefQil[RO434-2] 0.0787104 0.082694
RefQil[RO434-3] -0.154656 0.109443
MatrixPhase[PM] -0.131984 0.066808
Pist_Batch[BC2] 0.152341 0.070067
4 Effect Tests

Sum of
Source Nparm DF Squares
LTMSLAB 4 4 098414
LTMSAPP[LTMSLAE] 14 14 1503860
RefQil 3 3 20.963460
MatrixPhase 1 1 0.684002
Pist_Batch 1 1 0.829673

t Ratio

6291
048
-0.64

179 o

-1.80
-0.80
-0.40

127
=153
-0.14
-0.43

0.75

0.17
-0.47
041
0.26
-0.24
0.21

0.95
-l41
-1.98

217

F Ratio
14018
39,8143

3.0029
47272 0.0327*

VIF

24766635
3.2000033
3.3825764
37730234
14287778
1.3989544
1.4718775
15722631

1729438
17442116
15974337
1.3089506

1387821
1.6728142
1.8382028
2.1230408
17261903
18569592
1.7484851

2.180392
2.6065648
2.0739387

2.878693

Sequence lIIH Re-Blend Target Analysis

® Regression modeling results with WPD parameter

~ RefOil
[* Leverage Plot

< Least Squares Means Table

Mean
468857
4.25037
3.92167
3.59379

~|Least Squares Means Plot

5.0

=
in

o
=)

WPD_OR LS Means

e
in

RO434-2

RO434-3
RefOil

RO438-1

Least

Level SgMean  5td Error
RO436 4.6403388 0.08308364
RO434-2 40930861 0.09320322
RO434-3 3.864719%9 0.14349969
RO438-1 3.4743584 0.09214718

Least
Lewvel Sq Mean
RO436 A 4.6403388
RO434-2 B 4.0980861

RO434-3 B C 3.83647199
RO438-1 C  3.4743584

Levels not connected by same letter are significantly different.

)

Level - Llevel Difference 5td Err Dif Lower CL Upper CL
RO436 RO438-1 1.165980 O0.1087878 0.880459 1.451502
RO436 RO434-3 0773619 0.1521%84 0.376163 1.175074
RO434-2 RO438-1 0.623728 0.1207233 0.306881 0.940575
RO436 RO434-2 0542253 0.1165713 0.236303 0.848202
RO434-3 RO438-1 0.390361 0.1598629 -0.029210 0.809933
RO434-2 RO434-3  0.233366 0.1687994 -0.209660 0.676392






Appendix B

Phos Retention Analysis






e
Sequence lIIH Re-Blend Target Analysis

® Current [IIHTrends for Phos Retention by Piston Batch, Phase, and RefOil Re-Blend

Plot suggests no difference in Phos Retention when comparing RO434-2 results to RO434-3 results within Piston Batch

BC5
~|Graph Builder
PHOS vs. Phase
RefOil e A
RO436 RO434-2 RO434-3 RO438-1 * B
100 s D
s E
o ~ G
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a5 o 1 asna
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= = = = = = = = = = = =
o & e o & = o e & o & e
g g a 4 g g g g
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K Where[66 rows excluded)
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® Regression modeling results with Phos Retention parameter
¢ Factors included Reference Oil Re-Blends, Lab, Stand[Lab], Phase, and Piston Batch
® No significant difference between Re-Blends RO434-3 & RO434-2
g

= Response PHOS ~|Least Squares Means Plot

4 Whole Model g5

I Actual by Predicted Plot

I Effect Summary

[ Lack Of Fit

> Residual by Predicted Plot

4 Summary of Fit a0
RSquare 0.957988 g
RSquare Adj 0.945758 m
Root Mean Square Error 1574786 . a
Mean of Response 84.42816 il [~ RefOil =
Observations (or Sum Wgts) 103 1"_."'

4 Analysis of Variance [ Leverage Plot B 85

Sum of T

Source DF  Squares MeanSquare FRatio A I_east Squa res Mea ns Table o
Madel 23 44675106 164240 78,3240
Error 79 195.9161 2480 Prob>F Least
olol  do2 Aonsd R Level SqMean  Std Error Mean

4 Parameter Estimates g0
Term Estimate StdError tRatio Prob>|t] VIF RO436 93.015753 0.31230931 93.4740
TR st 0ories % oot zaows || RO434-2  B0.107849 0.36914414 79.7530
LR AR Wy QATER  D0H O SA00ES RO434-3  B0.718231 0.53941277 80.9200 RO436 RO434-2 RO434-3
LTMSLAB[ D] 1215125 0411602 295 0.0042° 33825764 .
LTMSLAB[ E] -0.806814 0525199 -154 01285 37730234 RO438-1 79.288032 0.34637961 79.2152 RefCil
LTMSLAB[ALLTMSAPP[1]  -0.645518 0.523838 -123 02215 14287778
LTMSLAB[ALLTMSAPP[Z]  -0.008504 0.518342 -0.02 0.0670 1.3980544
LTMSLAB[ALLTMSAPP[3]  0.0428803 0.604168 007 0.843% 14718775 Least
LTMSLAB[ BLLTMSAPP[3A] -0.819764 0.806136 -1.02 03123 15722631
LTMSLAB[BLLTMSAPP[L]  -0.571134 0.585181 -098 03321 1729438 Level 5q Mean
LTMSLAB[BLLTMSAPP[2]  -0.20085 D0.931018 -022 0.8207 17442116
LTMSLAB[DL.LTMSAPP[1]  -0.702485 D0.613532 -114 0.2557 15974337 RO436 A 93.615753
LTMSLAB[ D:LTMSAPP[2]  0.3383404 068527 048 06229 13089506 | | R{TI434-3 B B0.718231
LTMSLAB[ DI:LTMSAPP[3] 0.017682 0.927595 i 1.387821
LTMSLAB[GILTMSAPP[1] ~ 0.9061321 0.547399 s72042 (| RO434-2 B 80.107849
LTMSLAB[ GI:LTMSAPP[2] ~ -0.243072 0.504232 1.8302008
LTMSLAE{G}:LTMSAPP{;} 0.2869056 0.813228 213m08 | |RO438-1 B 70.208632
tIEﬁﬁE{E}tIHﬁSE{‘;} 007?;;: §3§§3§§ i;i:;i‘;i Levels not connected by same letter are significantly different.
Eﬁ::{gijlm 10 e oo v ||Level  -Lewel Difference Std Err Dif LowerCL UpperCL p-Value
TR D (R 2606348 | | RO36  RO438-1 1431712 (.4089315 13.2439 1539039 -.0001°
MatrixPhase[PM] 0440884  0.25113 2.0739387 e ) ) ' o
Pist_Batch[BC2] -0.280875 0.263381 ze7ee3 | |ROM36  RO434-2 13.50790 0.43818% 12,3578 14.65796 <.0001°

A Effect Tests P

RO436 RO434-3 1289752 0.5721112 11.3960 14.39607 <0001 1
Sum of P— 0 ' '

f;“ﬂ;‘&ﬁ "Pa": D: 55‘;“;;; FS"O';‘T‘: P‘“""_J’f RO434-3 RO438-1 1.419:0 0.e000217 -0.1576 299676 0.0930 |5LF____' [
LTMSAPPILTMSLAB] 14 14 288431 0.8308 05342 RO434-2 RO438-1 080022 0.4537968 -0.3818 200024  0.2890 I:] ¢
MsrDhnce T 1 e somm omew RO434-3 RO434-2  0.61038 0.6345140  -1.043 227571 0.9713 [ [ |
Pist_Batch 1 1 3027 12197 0278






Appendix C

Table of Predicted Targets for 434-3






e

Table of Predicted Targets for 434-3 with various data sets

™~

Data Included in Analysis Predicted Reference Oil Targets (BC2 Pistons & PM) Ln(PVIS) Stdev (Raw)
BC5 Post PM
n BC2PM | BC2 PostPM | BC3 PostPM | BC4 PostPM | BCS PostPM | with RO434-X | RO436 RO434-2 | RO434-3 | RO438-1 | RO436 |R0434-2 |RO434-3 | RO438-1
28 (PM Targets) v 3.3289 47191 | 30754 | 03138 | 04300 | 0.9558
46 v v 2.9511 4.2996 5.6253 3.5694 | 0.3135 | 0.5904 | 0.6188 | 0.9562
80 v v 2.9536 4.3143 5.5180 3.8179 | 0.3855 | 0.5904 | 0.6188 | 0.9413
102 v v v 3.1419 4.3926 5.6311 3.9632 | 0.3780 | 0.6974 | 0.6188 | 0.8649
103% v v v 3.1942 4.4395 5.7602 3.9860 | 0.3780 | 0.6974 | 0.6598 | 0.8649
124 v v v v 3.1405 4.3510 5.6534 40839 | 0.4181 | 0.6788 | 0.6188 | 1.0281
146 v v v v 3.4130 43924 5.8203 40048 | 03932 | 0.8314 | 0.6188 | 0.7581
168 v v v v v 3.3724 4.3521 5.7974 41501 | 0.4305 | 0.8292 | 0.6188 | 0.9347

*The n = 103 includes 1 additional result from Lab D with RO 434-3. This is from a stand that will be
“chartable” when the new stand is calibrated. (This data point enhances the estimates for 434-3.)







10.4.6 Calculate Quality Index (QI) for all control parameters
in accordance with the DACA II Report. Be sure to

account for missing or bad quality data in accordance with the
DACA 1II Report as well.

10.4.6.1 Use the U, L, Over Range, and Under Range values
shown in Table 4 for the QI calculations.

10.4.6.2 Round the calculated QI values to the nearest 0.001.

10.4.6.3 Report the QI values on the appropriate form.

TABLE 4 Controlled and Uncontrolled Test Quantities

CONTROLLED QUANTITIES

UNCONTROLLED QUANTITIES

Quantity Units Target Ql values Over Under Quantity Units Average
Speed r/min 3900 £5 3860 3340 Oil-pump °C Record
temperature
Load N-m 250 +0.98 300.9 199.1 Oil-sump °C Record
temperature
Oil-block °C 151 +0.42 172.8 128.2 Coolant-in °C Record
temperature temperature
Coolant-out °C 115 +0.46 138.9 911 Left-exhaust °C Record
temperature temperature
Intake-air °C 35 £0.37 54.2 15.8 Right- °C Record
temperature exhaust
temperature
Fuel °C 30 1.0 82 0 Oil-pump kPa (gauge) Record
temperature pressure
Dew point °C 16.1 *2 120 0 Oil-gallery kPa (gauge) Record
pressure
Intake-air kPa (gauge) 0.05 +0.02 11 -1 Manifold kPa Record
pressure pressure (absolute)
Right- kPa (gauge) 45 +0.08 8.7 0.3 Fuel kPa (gauge) Record
exhaust pressure
pressure
Left-exhaust kPa (gauge) 45 +0.08 8.7 0.3 Crankcase kPa (gauge) Record
pressure pressure
Coolant flow L/min 170 +1.43 2443 95.7 Right-bank Record
rate AFR?
Fuel kPa (gauge) 420 +20% N/A N/A Left-bank Record
Pressure AFRE
Coolant kPa (gauge) 200 +10% N/A N/A Mass mg/kg Record
pressure fraction NOx
right bank
Mass mg/kg Record
fraction NOx
left bank
Fuel flow kg/h Record
rate

A This is a range rather than a QI value. QI calculations do not apply.







TABLE 7 Test Precision for Sequence IlIIH*

Intermediate | o o oroducibili

Quantity, units Precision® ty¢

Si” ip SrP R
Kinematic viscosity increase at EOT, %F ]0.706]1.977]0.710]1.988

Average WPD", merit 0.475]1.330]0.497]1.392

A These statistics are based on 40 tests conducted on 8 stands at 5 laboratories on ASTM TMC Reference Oils 434-2, 436, and 438-1, and were
calculated on June 6, 2016.

B See 14.1.2.

¢ See 14.1.3.

b Sis the estimated standard deviation.

E This parameter is transformed using 1n(result). When comparing two test results on this parameter, first apply this transformation to each test result.

Compare the absolute difference between the transformed results with the appropriate (intermediate precision or reproducibility) precision limit..
F Weighted piston deposits (see 12.3.5.8).







