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HEAVY-DUTY ENGINE OIL CLASSIFICATION PANEL
OF
ASTM D02.B0.02
October 27, 2005
Southwest Research Institute — San Antonio, TX

THIS DOCUMENT IS NOT AN ASTM STANDARD: IT IS UNDER CONSIDERATION WITHIN AN ASTM
TECHNICAL COMMITTEE BUT HAS NOT RECEIVED ALL APPROVALS REQUIRED TO BECOME AN
ASTM STANDARD. IT SHALL NOT BE REPRODUCED OR CIRCULATED OR QUOTED, IN WHOLE
OR IN PART, OUTSIDE OF ASTM COMMITTEE ACTIVITIES EXCEPT WITH THE APPROVAL OF THE
CHAIRMAN OF THE COMMITTEE HAVING JURISDICTION AND THE PRESIDENT OF THE SOCIETY.
COPYRIGHT ASTM, 100 BARR HARBOR DRIVE, WEST CONSHOHOCKEN, PA 19428-2959.

ACTION ITEMS
1. Publish monthly test registration report. ACC/RSI
2. Analyze FTIR Peak Height Round Robin values. FTIR Task Force
3. Analyze ISB data for 100 hour sample viscosity and calculate 2 and 3 test limits. Phil Scinto
4. Final decision on C13 parameters and finish analysis. Abdul Cassim and C13 SP
5. Issue revised ISM limits for PC-10 in time for November conference call. Cummins
6. Issue T-12 and ISB exit criteria ballots. Jim Mc Geehan
MINUTES

1.0 Call to order

1.1 The Heavy Duty Engine Qil Classification Panel (HDEOCP) was called to order by
Chairman Jim McGeehan at 8:30 a.m. on Thursday, October 27, 2005, in Building 209 at
Southwest Research Institute.

1.2 There were 19 members present and 27 guests present. The attendance list is shown as
Attachment 2.

2.0 Agenda

2.1 The agenda is included as Attachment 1. There were no changes to the agenda.
3.0 Minutes

3.1 The minutes from October 12, 2005 were approved with no changes.
4.0 Membership

4.1 Steve Goodier replaces Mike Lynskey for BP.

4.2 Chairman McGeehan suggests that the HDEOCP vote first at the meeting in January before
the NCDT meeting. The NCDT membership does not include ACC membership. The
HDEOCP must approve all tests and limits before the NCDT votes to accept the outcome of
the HDEOCP vote.

4.3 The T-10 to T-9 ballot has been approved. The T-10 to T-6 vote is on the Subcommittee B
ballot to be completed before the December meeting.

5.0 NCDT Report
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The membership list of the NCDT was shown. See Attachment 3. The voting rules desire a
consensus result. If that is not achievable, then the membership structure comes into play.
There are 3 EMA members and 3 APl members.

The NCDT conducted a conference call to discuss the request to include the CAT 1P in PC-
10. See Attachment 4. There was not consensus, so the voting rules were followed and
the vote was to accept the CAT 1N, 1P and C13 in the category. Concerns about the
timeline were noted. This is where it became apparent that the ACC is not represented on
the NCDT. There are 3 pistons deposit tests and 3 valve train wear tests in PC-10. The
total number of tests for PC-10 is: 10 fired engine tests and 6 bench tests.

The NCDT timeline still shows January 2007 for first license. See Attachment 5. A
breakthrough is needed to meet the timeline. The demonstration period is over when limits
are set. The HDEOCP recommends the category to the NCDT which then sends it to the
API. There has been little activity of pre-registered testing. The EMA wants to monitor the
amount of demonstration testing. Some test work may be going on without pre-registration.
Once the tests are declared ready, then more testing may happen. The expectation was
that the tests would have been declared ready. RSI does supply a monthly report of the
number of registered tests. That report will be published. The demonstration period is still
4 months beginning September 23, 2005. First license is still December 27, 2006.

6.0 Matrix Status

6.1

John Zalar presented a summary of the matrix costs. See Attachment 6. The matrix
included 8 lost tests at an estimated cost of $279,000. The total cost of the PC-10 matrix is
estimated to be $5,532,000. These are just the direct testing costs.

7.0 Mack T-12/T-11

7.1

7.2

Jim Rutherford presented the statisticians consensus analysis of the T-12 matrix. See
Attachment 7. There are a few tiny issues to resolve, but the analyses are complete
enough to present as finished. The first step was to look for cylinder outliers and to see if
there are any profiles of wear biased by cylinder location. Cylinder 1 usually has higher
wear. Profiles were found for Top Ring Weight Loss (TRWL) and Cylinder Liner Wear
(CLW), but not Bearing Weight Loss (BWL). All the details of the analysis are contained in
the attached icons in the original PowerPoint only (available separately). The data were
modeled 3 ways; all the tests in a full model (26 tests), the tests on new rings only (19 tests)
and the reduced model without stand within lab as an effect (19 tests). The significant
effects for oil are CLW, Oil Consumption (OC), and Delta DIR from 250 hours to 300 hours
(DIR250300). There is a significant effect for lab on CLW. With transformed parameters,
the Ep is calculated around the Mack Merit values proposed at the time. The lead
parameters are slightly less than 1, the CLW is well over 1. TRWL is the most challenged
Ep at 0.50. OC is well over 1. Targets for reference oil acceptance are still needed. Two
extreme ways to decide targets are: Least Square (LS) means and arithmetic means. The
Root Mean Square Error (RMSE) from the model match pretty well with the arithmetic
standard deviation except for liner wear due to the lab effect. There doesn’t seem to be
redundant parameters, but there is not ACC consensus yet.

Greg Shank presented a T-12 update. See Attachment 8. The T-12 Task Force met
Wednesday, October 26, 2005. The task force voted that the T-12 is ready for inclusion in
PC-10 and that the low SAP oil, PC-10E, be the reference oil for the T-12. There is an
Operations and Hardware (O&H) level meeting scheduled for November 16, 2005 to
investigate lab differences and try to tighten operations. Mack has updated the merit
proposal. The weighting factors stayed the same, but the maximum, anchor points and
minimum values have changed. More merit points are available for being better than the
anchor and less merit points are available for being worse than the anchor. The TRWL
precision is not too good, so the maximum and minimum parameters were relaxed some
using 2 standard deviations. Mack Merit values using correlated BWL were also shown.
These will not likely be used. The matrix results were calculated for merits using both
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methods. Volvo would like to stay with lead and not use bearing weight loss. Bearing
weight loss does not capture any other corrosion or source of lead. The minimum total
merit value for a pass would be 1000. There is some dissatisfaction with FTIR area Method
5, so FTIR peak height value is being considered in its place. The existing round robin data
will be investigated for FTIR peak height repeatability. FTIR area is off the table for the T-
12, but peak height is not. Greg Shank motioned that these proposed merit limits be sent
out for exit ballot. Bill Kleiser seconded. FTIR is not on this exit ballot, but is still being
considered. If FTIR is desired, a separate exit ballot would be issued. The proposed
reference oil passes 50% of the time and fails 50% of the time, so it is a borderline oil. The
motion passed unanimously with 19 votes for, 0 against and 0 waives.

7.3 The T-11 limits and slope item on the agenda will be discussed at a later date.

8.0 Cummins ISB

8.1 Phil Scinto presented the ISB analysis. See Attachment 9. This analysis is “mostly official”,
there are minor decimal differences to resolve, but the conclusions are complete. The
analysis included 17 valid tests; 15 matrix tests and 2 tests on stands outside the matrix.
The parameters analyzed are: Average Tappet Weight Loss (ATWL), Average Camshaft
Wear (ACSW), and Average Crosshead Weight Loss (ACHWL). Outlier screening was
used and there are no wear profiles in the ISB. Currently, there are soot corrections for
ATWL and ACHWL. Cam shaft wear may possibly be corrected for stage B average
torque. The reported torque is a snapshot of the torque during the 6 second long step of
the cycle. There are no transformations needed at these wear levels. All 3 wear
parameters meet the ACC precision requirements, except ATWL between stand and labs.
The models have somewhat confounding parameters: stand, stage B average torque and
soot. Some feel that correcting for an operational parameter (torque) is not ideal. If the
stand differences are real and they can’t be fixed, then more references may be necessary.
The Surveillance Panel is not favoring running more references. The referencing rules for
the ISB test are 12 candidate tests or 12 months for the first 2 reference periods, then 12
tests or 18 months after that. The table of Ep values shows acceptable values except the
ATWL reproducibility between stand and labs. Within a stand, the repeatability is good. In
most cases, the LS means and arithmetic means are close to each other. ATWL is a
function of lab, stand within lab, oil, and average soot. ACSW is a function of lab, stand
within lab, and oil. The stand within lab effect is eliminated if the ACSW is corrected for
stage B average torque. ACHWL is a rate and report parameter and is a function of lab, ail,
and average soot.

8.2 Dave Stehouwer presented the Cummins report on pass/fail limits. See Attachment 10.
PC-10E was proposed and rejected as the reference oil, because it didn’t show much
sensitivity. An oil that shows more sensitivity would be a better choice, but the oil has not
been selected yet. Cummins is proposing a 75 mg pass limit for ATWL. For ACSW in the
field, Cummins has used in internal rating method and has some Adcole cam wear results
data. Using limited data from the matrix on Adcole and Mitutoyo, the service limit correlates
to a 30 ym pass limit for cam wear. The labs are to send the matrix cams to Cummins for
the visual rating and get all the Adcole data together so a better correlation can be
developed. Since some T-11 to ISB data is coming in, but not complete yet, Cummins is
proposing a placeholder viscosity limit of stay in grade at the 100 hour soot window level of
3.0% to 3.5% soot. The matrix data was not analyzed for that yet, but will need to be.
Dave Stehouwer motioned that an exit criteria ballot be issued for the ISB test with the
proposed limits. Bill Kleiser seconded. The viscosity analysis will be performed and should
be complete in time for the exit criteria ballot. The ballot will include the analysis. The
viscosity result should be soot adjusted back to 3.0%. The motion passed unanimously
with 19 votes for, 0 against and 0 waives.

9.0 Caterpillar C13
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9.1 Abdul Cassim presented his C13 summary. See Attachment 11. There is no correlation
between oil consumption and piston deposits. Base oil effects by parameter and
technology show Group Il effects. The Ep values are all greater than 0.6 with Top Land
carbon (TLC) and Top Land Heavy Carbon (TLHC) greater than 1. The C13 Surveillance
Panel met Tuesday, October 25, 2005. The C13 data analysis is almost complete. Further
data review was requested. The Surveillance Panel agreed on 5 pass/fail parameters
including oil consumption. The Surveillance Panel is waiting on CAT’s choice of lower
piston deposit parameter(s) instead of Unweighted Demerits (UWD). That action is to be
complete by November 4, 2005. There have been reports of lower piston deposit concerns
on the C13, this shows that a parameter is possible there. There is a desire to ensure that
upper and lower deposits behave independently. The possible parameters are no piston,
ring, or liner scuffing and no hot stuck rings. The scuffing requirement will be a non-
interpretable parameter. The additional parameters are: no loss of oil consumption control,
no unacceptable piston deposits in the form of excessive TLC, Top Groove Carbon (TGC)
and a parameter farther down the piston such as 2 groove deposits. The schedule is to
identify the lower piston parameters by November 2, 2005 and complete outlier screening
methods for an LTMS by November 5, 2005. A pass/fail limits proposal based on the new
parameter and reference oil selection are still needed. The originally proposed limits need
to be updated. There are stand and lab differences, but no corrections yet. Some
differences have been observed in the operational data and stand set-up. Those are being
resolved. The issuance of an exit criteria ballot needs to happen before the December
meeting. Once the Surveillance Panel and CAT resolve the parameters and issue limits,
then the HDEOCP will have a teleconference to review so that an exit criteria ballot can be
issued before the December 6th meeting.

10.0 ACC Report

10.1 Joan Evans presented the ACC timing report. See Attachment 12. Using an assumption of
ten C13 stands and one month per test, 10 tests per month will be available. The ACC
thinks that a best case scenario of 36 passing tests are needed if full BOI/VGRA guidelines
are granted that roll over from the CAT 1R to the C13 by 01/01/2006. This would take
seven to twelve months to complete. The BOI task force has investigated the use of
boundaries for base oil parameters to improve the read across methods. The middle case
scenario requires 73 passes if only C13 BOI guidelines are granted and would take 15 to 24
months to complete. The worst case is 223 passes without any BOI/VGRA guidelines and
would take 4 to 6 years to complete. Proposed solutions will be handled through the
BOI/VGRA task force. If full guidelines are granted, then December 26" is possible. This is
very dependant on pass/fail limits and pass/fail rates.

11.0 Cummins ISM

11.1 The Cummins ISM exit criteria ballot returns show 9 negatives and 10 affirmatives. See
Attachment 13. Some concerns are listed. The limits are set too far from 830-2
performance. Could not find evidence of discrimination data on Top Ring Weight Loss
(TRWL). Did not know there would be a performance improvement need. Since it was a
designed experiment, the precision is known and the merit SYSTEM has values too close
together that don’t seem to be statistically based. Thought limits would be closer to 830 for
backward compatibility. Test redundancy. Other limits need to be known too. Redundant
wear tests. The ISB has better wear separation than the ISM. This is a step change in
severity, thought that the severity would be the same. Would like to see more data on the
TRWL since it has been added back. ISM was introduced as a replacement test to the
M11EGR. Had it been brought in as a new test, many more tests would have been run and
more data would have been available for the other parameters. New limits would fail 830-2
40% of the time, when it is supposed to be a passing oil. With the amount of variability of
TRWL and Injector Adjusting Screw Weight Loss (IASWL) and the fail safe idea of sludge
and Qil Filter Plugging (OFDP), then merits aren’t needed. Use straight limits with tiered
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12.0

13.0

14.0

15.0

limits for multiple tests instead. Proposed limits are a substantial upgrade when originally
proposed as a replacement test. Supposed to be a Cl-4 replacement at Cl-4 limits.

11.2 The Cummins response is included as Attachment 14. Cummins has stated that the ISM
would have its own limit in PC-10. The PC-10 performance should be based on 830-2 and
not on correlation with M11EGR. A 7.5 mg CHWL maximum limit will not be acceptable to
Cummins. New data has expanded the 830 data set, so Cummins will look again.
Backward compatibility refers to use of high sulfur fuel and its impact on wear, filter
plugging and TBN retention. It does not mean the same limits. Cummins will accept
staying with traditional limits and not using a merit system. Cummins will issue a revision
for the November conference call. Cummins to review merit values anyway and may adjust
the merit maximums based on statistics of the test so that if a result takes off it won’t be a
fail.

Review of all tests in PC-10

12.1 Chairman McGeehan stated that there are 10 engine tests and 6 bench tests to approve a
fluid for PC-10. Charlie Passut motioned that the 1P be allowed as an alternative to a 1R
at CH-4 limits for Cl-4. Abdul Cassim seconded. The motion carried with 17 votes for, 0
votes against, and 2 waives.

Other Business

13.1 ILMA representative Larry Kuntschik expressed concern that the timeline is too short for the
independents. If ACC is comfortable, than ILMA is comfortable. If ACC is concerned, then
ILMA is concerned.

13.2 Two and three test pass limits for the ISB are needed on the exit ballot.

13.3 The EMA position is still that this must be complete with oils available by October 2006.

Next meetings
14.1 Conference call week of November 14",
14.2 December 5™ and 6"
14.3 Week of January 23".

The meeting was adjourned at 11:45 am.
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HEAVY-DUTY ENGINE OIL CLASSIFICATION PANELS

Southwest Research Institute

6220 Culebra Road, San Antonio, Texas (Bld 209 Room 103)
October 27th, 2005

Chairman/ Secretary:

Purpose:

Desired Outcomes:

8:30 am-2:15 pm

Jim Mc Geehan/Jim Moritz

PC-10

Complete PC-10 on time

TOPIC PROCESS WHO TIME
Agenda Review Desired Outcomes & Agenda Group 8:30-8:35
Minutes Approval e October 12t | 2005 Group 8:35-8:40
Membership e Changes: Additions Jim Mc Geehan 8:40-8:45

e Status of API CF-4 ballot
e Delivering PC-10 on time!
NCDT Repor e (Cat 1IN/CatlP in PC-10 Bill Runkle 8:45-9:15
e Vote and Exit-Criteria Ballot
e Time-line and first license date
Matrix Status e Final cost of Cummins ISB; Mack John Zalar 9:15-9:25
T-12; Caterpillar C13 matrix.
e Total number of test completed
Mack T-12/T-11 e Mack T-12 data analysis Greg Shank 9:25-10:15
e Proposed Merit system Jim Rutherford
e Vote and Exit-Criteria Ballot
(Return date Nov. 21)
e Mack T-11 limits and slope
e Vote and Exit-Criteria Ballot
Coffee break . 10:15-10:30
Cummins ISB e Data Analysis Dave Stehouwer 10:30-11:15
e Proposed limits Phil Scinto
e Vote and Exit-Criteria Ballot,
(Return date Nov. 21)
.
Caterpillar C13 e Data Analysis Abdul Cassim 11:15-12:15

Proposed Merit system

Vote and Exit-Criteria Ballot,
(Return date Nov 21

Elisa Santos
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TOPIC PROCESS WHO TIME
Lunch 12:15-1:00
Cummins ISM Exit-Criteria Ballot returns Jim McGeehan 1:00-1:45
Discussion and vote
ACC Report ACC’s timing concerns and other Lew Willians 1:45-2:00
1ssues
Review of all tests in Engine and Bench tests. Jim McGeehan 2:00-2:10
PC-10
Group
New Business 2:10-2:15

Next Meetings

December 5 and 6t in Norfolk,
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PC-10 New Category Development Team

Institute

Chair

William A. Runkle, Jr.
API Representative

Member

West Alexander, Il

Doug Anderson
ACC Representative

Sue Carlson )
EMA Representative

Abdul Cassim

Steven N. Herzog

October 21, 2005

The Valvoline Company
PO Box 14000, LA-GN
Lexington, KY 40512-4001

Senior Staff Engineer
Chevron Corporation Energy

Technology Company
Building 71, Room 7354

100 Chevron Way
Richmond, CA 94802-0627

American Chemistry Council
1300 Wilson Boulevard
Arlington, VA 22209

EMA Legal Counsel

Neal, Gerber & Eisenberg
2 North LaSalle Street, #2200
Chicago, IL 60602

Caterpillar, Inc.

Rt 29 @ Old Galena Road, Building

H2000
Mossville, IL 61552-2000

RohMax USA, Inc.
723 Electronic Drive
Horsham, PA 19044-2228

Ph: 859 357-7686

Fax: 859 357-7610
wrunkle@ashland.com
Voter

Ph: 510 242-2246
Fax: 510 242-3758
alex@chevron.com
Non-Voter

Ph: 703 741-5616

Fax: 703 741-6091
doug_anderson@americanchemistry.com
Non-Voter

Ph: 312 269-8405
Fax: 312 269-1747
scarlson@ngelaw.com
Non-Voter

Ph: 309 578-9096

Fax: 309 578-3653
cassim_abdul _h@cat.com
Voter

Ph: 215 706-5817

Fax: 215 706-5801
steven.herzog@degussa.com
Non-Voter

Send updates to: kleinc@api.org
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PC-10 New Category Development Team

Institute

Member

Steve Kennedy
API/EMA DEOAP Co-Chair

Richard M. Klein
ACC Representative

Mike Lynskey

Greg Shank
API/EMA DEOAP Co-Chair

Dave Stehouwer
EMA Representative

Warren A. Totten
EMA Representative

October 21, 2005

ExxonMobil Research & Engineering

Paulsboro Technical Center
PO Box 480
Paulsboro, NJ 08066-0480

Chevron Oronite Company, LLC
143 Cady Center #226
Northville, Ml 48167

Castrol Heavy Duty Lubricants
9300 Pulaski Highway
Baltimore, MD 21220

Mack Trucks Inc.

Engine Development Laboratory
13302 Pennsylvania Avenue
Hagerstown, MD 21742

Stehouwer Technical Services, Inc.

5034 Countess Drive
Columbus, IN 47203

Cummins Engine Company, Inc.
1900 McKinley Avenue, MC 50183
Columbus, IN 47201

Ph: 856 224-2432
Fax: 856 224-3678

steven.kennedy@exxonmobil.com

Voter

Ph: 248 380-0625

Fax: 248 380-0287
rmkl@chevrontexaco.com
Voter

Ph: 410 682-9484
Fax:
mike.lynskey@bp.com
Non-Voter

Ph: 301 790-5817

Fax: 301 790-5815
greg.schank@volvo.com
Voter

Ph: 812 378-9825

Fax:
dmstehouwer@-core.com
Voter

Ph: 812 377-3429

Fax: 812 377-7226
warren.a.totten@cummins.com
Non-Voter

Send updates to: kleinc@api.org
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Petroleum PC-10 New Category Development Team
Institute October 21, 2005
Member
Matthew Urbanak Shell Global Solutions (US) Inc. Ph: 281 544-9227
PO Box 1380 Fax: 281 544-8150
Houston, TX 77251-1380 matthew.urbanak@shell.com
Voter
Jerry C. Wang Cummins Engine Company, Inc. Ph: 812 377-2267
1900 McKinley Avenue, MC 50183 Fax:
Columbus, IN 47201 jerry.c.wang@cummins.com
Non-Voter
Michael Weismiller Ciba Specialty Chemicals Corp. Ph: 914 785-5515
Process and Lubricant Additives Fax: 914 785-2868
540 White Plains Road michael.weismiller@cibasc.com
Tarrytown, NY 10591 Non-Voter
Lewis Williams Lubrizol Corporation, The Ph: 440 347-1111
29400 Lakeland Blvd. Fax: 440 944-8112
Wickliffe, OH 44092 lawm@Iubrizol.com
Voter
Leqgal Counsel
Doug Morris Senior Attorney Ph: 202 682-8089
American Petroleum Institute Fax: 202 682-8033
1220 L Street NW morrisd@api.org
Washington, DC 20005 Non-Voter
Mailing List
Terry Bates ATIEL Ph: 44 151 348 4084
Manesty Consultancy Limited Fax: 44 151 348 4084
50 Towers Road North, Heswall batesterryw@aol.com
Wirral, CH60 6RS Non-Voter

UNITED KINGDOM

Send updates to: kleinc@api.org 3
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PC-10 New Category Development Team

Institute
Mailing List
Ron Buck

Thomas J. Cousineau

Heather DeBaun

Frank Fernandez

Pat Fetterman

Joe Franklin

October 21, 2005

Test Engineering Inc.
12718 Cimarron Path
San Antonio, TX 78249

Afton Chemical Corporation
500 Spring Street
Richmond, VA 23218

International Truck and Engine
Corporation

10400 West North Avenue
Melrose Park, IL 60160

Chevron Oronite Company LLC
San Antonio Test Group

4502 Centerview, Suite 210

San Antonio, TX 78228-1317

Infineum USA L.P.
PO Box 735
Linden, NJ 07036

PerkinElmer Automotive Research
5404 Bandera Road
San Antonio, TX 78238-1993

Ph: 210 877-0221
Fax: 210 690-1959
rbuck@tei-net.com

Non-Voter

Ph: 804 788-6282

Fax: 804 788-6244
tom.cousineau@aftonchemical.com
Non-Voter

Ph: 708 865-3788

Fax: 708 865-4229
heather.debaun@nav-international.com
Non-Voter

Ph: 210 731-5603

Fax: 210 731-5699
ffer@chevrontexaco.com
Non-Voter

Ph: 908 474-3099

Fax: 908 474-3363
pat.fetterman@infineum.com
Non-Voter

Ph: 210 523-4671

Fax: 210 523-4607
joe.franklin@perkinelmer.com
Non-Voter

Send updates to: kleinc@api.org
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PC-10 New Category Development Team

Institute
Mailing List

John Glaser

William M. Kleiser

Chris Laroo

Jim A. McGeehan

Dan Pridemore

October 21, 2005

Director

PerkinElmer Automotive Research
5404 Bandera Road

San Antonio, TX 78238-1993

Chevron Oronite Company LLC
100 Chevron Way
Richmond, CA 94802

US Environmental Protection Agency
Office of Transportation & Air Quality
2000 Traverwood Drive

Ann Arbor, Ml 48105

Chevron Corporation Energy
Technology Company

100 Chevron Way

Richmond, CA 94802-0627

Afton Chemical Corporation
2000 Town Center Drive, Suite 1750
Southfield, Ml 48075

Ph: 210 647-9459

Fax: 210 523-4607
john.glaser@perkinelmer.com
Non-Voter

Ph: 510 242-3027

Fax: 510 242-3173
wmkl@chevrontexaco.com
Non-Voter

Ph: 734 214-4937
Fax: 734 214-4055
laroo.chris@epa.gov
Non-Voter

Ph: 510 242-2268
Fax: 510 242-3758
jlam@chevron.com
Non-Voter

Ph: 248 350-0640

Fax:
dan.pridemore@aftonchemical.com
Non-Voter

Greg T. Raley Shell Global Solutions (US) Inc. Ph: 281 544-8621
Westhollow Technology Center Fax:

3333 Hwy. 6 South gregory.raley@shell.com

Houston, TX 77082-3101 Non-Voter

Send updates to: kleinc@api.org 5
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PC-10 New Category Development Team

Institute
Mailing List
Jim Wells

API Staff

Kevin Ferrick

October 21, 2005

Southwest Research Institute
6220 Culebra Road
San Antonio, TX 78238-5166

American Petroleum Institute
1220 L Street Nw

Rm 803

Washington, DC 20005

Ph: 210 522-5918
Fax: 210 523-6919
jwells@swri.edu
Non-Voter

Ph: 202 682-8000
Fax: 202 962-4739
ferrick@api.org
Non-Voter

David B. Smith API Ph: 203 894-8242
1220 L Street NW Fax:

Washington, DC 20005 dbsmith727@aol.com

Non-Voter

Send updates to: kleinc@api.org 6
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PC-10 NCDT Conference Call
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EMA Request to Add Caterpillar 1P

Engine Test to PC-10 Category

Request was confirmed
Arguments for and against were heard

"here was no consensus within NCDT

'he Issue was put to a vote, according to

APl 1508, Appendix D guidelines

The vote was to accept Caterpillar 1N, 1P,

and C-13 tests in the caterory.

Concerns about the effect on timeline

were noted
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Tazk Mame Start Finish 2005 006 007
Gir3 |Qbrd Gir] |Qir2 GHr3 (ird (GRrl (Gir2 (Gir3 (Gird | Gird
NCDT Activity Wed 326003 Fri 2/3/06
Funding Group Mon 20303 Tue 211105
New Test Development Wed 9725102 Wed 372405
New Test Discrimination Fri1/204  Wed 312105
Matrix Design ThudhD4  Tue 1217104
Chemical Limits Selection Mon3/31/03  Tue 6/22/04
Select Matrix Oils Wed 6723104 Tue 12/7/04
Matrix Oil Prep Wed 12804 Fridfiis
Accept Parameters/Tests Tue 6722004 Thu 3531705 ‘
Matrix Testing Wed 5405 Fri 9123105
Analyze Matrix Mon 8/26/05 Mon 10/10/05
Select Reference Qils Tue6/1/04  Fri 101410
HDEOCP Test Acceptance Wed 1012005 Wed 1011205
Technology Demonstration & Limits Approval  Mne0s  Fris2e
ASTM D-2, SC-B Ballot & Approval Mon 3727105 Mon 10123105
APl Lubes Committee Final Approval Mon 3127106 Wed 4126/06
Minimum Product Qualification Interval Mon3/27006|  Fri 1222008
API Licensing Tue 1202608 Mon 5121107
Fri9nOE  Mon S21407

Engines in Field
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PC-10 Matrix Costs

T-12 ISB C13 Totals
ACC/API/EMA Financed (8) $621,000 (8) $368,000 (14) $1,361,000  (30) $2,350,000
Laboratory Financed (8) $643,000 (7) $340,000 (12) $1,216,000  (27) $2,199,000
Lost Tests (8) $279,000
Test Parts (EMA) $650,000
Matrix Oils (API/ACC) $54,000
Total $5,532,000

J.Zalar - 10/27/05
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3)
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Cylinder Outliers

FDF !'i FDF !'i FDF !'i

October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3)
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Modeling Summary

FDF !'i FDF !'i FDF !'i FDF !'i FDF !'i

October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3)
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Modeling with new rings - significant effects

0.00

0.01

October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3)
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Precision Analyses

October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3)
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Targets?

October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3)
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Correlations Among Pass Criteria (original)

Pearson Correlation Coefficients, N = 19
Prob > |r| under HO: Rho=0

InDPb03000s

InDPb2

CLWos

TRWLos

INnOCFNL

InDPb03000s
InDPb03000s

1.00000

0.84433
<.0001

-0.33022
0.1674

-0.25718
0.2878

-0.29827
0.2148

InDPb2 0.84433
InDPb2 <.0001

1.00000

-0.00810
0.9738

-0.37883
0.1097

-0.28004
0.2456

-0.33022
0.1674

-0.00810
0.9738

1.00000

-0.18229
0.4551

0.21921
0.3672

TRWLos -0.25718
TRWLos 0.2878

-0.37883
0.1097

-0.18229
0.4551

1.00000

-0.29162
0.2257

INOCFNL -0.29827
INOCFNL 0.2148

October 20, 2005

-0.28004
0.2456

0.21921
0.3672

Mack T-12 Precision Matrix Final (Statistics 3)

-0.29162
0.2257

1.00000
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Pearson Correlation Coefficients, N = 19
Prob > |r| under HO: Rho=0

Attachment 7; Page 9 of 12

Correlations Among Pass Criteria (residuals)

residual_InDPb0300
os

residual_InDP
b2

residual_CLW
os

residual_TRWL
os

residual_InOCF
NL

residual_InDPb0300
os

1.00000

0.91423
<.0001

0.15400
0.5290

-0.32789
0.1705

0.01592
0.9484

residual_InDPb2

0.91423
<.0001

1.00000

0.17741
0.4675

-0.31508
0.1889

0.01749
0.9433

residual_CLWos

0.15400
0.5290

0.17741
0.4675

1.00000

-0.18915
0.4380

0.13844
0.5719

residual_TRWLos

-0.32789
0.1705

-0.31508
0.1889

-0.18915
0.4380

1.00000

-0.24552
0.3110

residual_InOCFNL

0.01592
0.9484

0.01749
0.9433

0.13844
0.5719

-0.24552
0.3110

1.00000

October 20, 2005

Mack T-12 Precision Matrix Final (Statistics 3)
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Lead and Bearing Weight Loss

Color by LT SLAE:
s lME O BMF OG

|- —— Orthagonal Straight Line
Fit. using selected recards only.
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 10
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Lead 250 to 300 and DIR 250 to 300

Color by LTRSLAE:
s ME OO0 EMF OG

—— Orthogonal Straight Line
Fit. using selected records anly.

N=6.035 + 00257 X, R=
0276

Shape by IND

Hesz02  @rPCioe

h FC10E
//f//
/

—
=
L
0
(]
(N
r:n

200
DIRZ250300

October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 11
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Mack Merit

Delta : : : : : .
Testkey Oil Lab| Pb Delta PB Cylinder Liner Top Ring Weight Qil _ Calculgted Flngl

0300 250300 Wear Loss Consumption Merit Merit
55205 [ 8202] F | 16 5 22 56 77 785 Fail
55213 18202 G| 25 11 18 30 76 959 959
55216 [820-2] B | 24 14 22 44 63 672 672
55217 18202 A | 12 6 22 42 64 1022 1022
55715 18202 G| 20 8 18 56 67 1019 1019
55722 1820-2) D | 20 7 15 45 60 1275 1275
55723 [820-2] D | 16 5 15 101 66 1022 Fail
56153 | 820-2| G [ 24 8 16 45 71 1084 1084
55712 |PC10B| A | 24 8 15 46 60 1194 1194
55728 |PC10B| B | 34 12 15 44 62 980 980
55935 [PC10B| A | 22 9 15 96 53 993 Fail
56010 |PC10B| D | 30 8 9 31 61 1193 1193
56562 |PC10B[ G | 40 17 11 41 65 783 Fail
55713 [PCIOE| A | 43 23 16 35 57 717 Fail
55718 |PCIOE] G | 18 7 12 36 63 1326 1326
55725 |PCI0E] D | 23 8 11 106 62 868 Fail
55937 [PCIOE] A | 27 10 21 65 55 749 749
55940 [PCIOE| F | 26 7 15 87 59 987 987
56726 [PCIOE| B | 23 9 12 67 57 1099 1099

October 20, 2005

Mack T-12 Precision Matrix Final (Statistics 3)

12
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T12 Update

11/10/2005 Design June 2002.pptMack T-12 Merit Rating
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11/10/2005 Mack T-12 Merit Rating 3
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Version 3 Merit Calculations

_102
101 1022

_101

_108

_119

9%

_119

_109
106

132

11/10/2005 Mack T-12 Merit Rating 4
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Version 5 Merit Calculations

101
106
120
120
135
113
138
128

106
110
155

11/10/2005 Mack T-12 Merit Rating 5
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Version 5 Merit Calculations with ABWLU Equivalents

123
145
101
111
121
134
112
138
125
106 1111
155

11/10/2005 Mack T-12 Merit Rating 6
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T12 PC10 Merit Limits

Mack T-12 Merit Rating 7
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11/10/2005 Design June 2002.pptMack T-12 Merit Rating
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Cummins ISB
Mostly Official
Matrix Analysis

October 26, 2005

ISB Matrix Analysis

Attachment 9; Page 1 of 30
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Analysis Summary

« 17 Valid Tests Analyzed

— 15 Matrix Tests, 2 Reference Tests
— Tappet Wear, Camshaft Wear, Crosshead Wear

« E178 (95% CIl) Used on Wear Results

— Wear Profile Offset Not Necessary
— All Results and Analysis Outlier Screened

« Wear Relationship with Soot Possible
— Tappet Wear and Crosshead Wear
— Correlations with Stand and Stage B Average Torque

ISB Matrix Analysis 2
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Analysis Summary

Possible Lab/Stand Effects
No Transformations

— Higher Wear Oils Would Likely Require

Oil Discrimination

— Tappet Weight Loss
— Possible for Camshaft Wear (Model Dependent)

All 3 Wear Parameters Meet ACC Precision
— Note that Tappet Wear Between Stands and Labs

Does Not

ISB Matrix Analysis
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Cconcerns

« Model Dependent Conclusions

— Some Confounding (Stand, Stage B Average Torque,
and Soot)

« Correcting Camshaft Wear for Stage B Average
Torque

— Correcting Test Results for an Operational Parameter
Is not an ldeal Situation.

« Reference Frequency Given Engine, Stand and
Lab Differences
— Very Large Stand Effects for Tappet Wear

ISB Matrix Analysis 4
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Precision Summary

Repeatability s
(Within Stand)

Reproducibility s
(Btween Stand)

Reproducibility s
(Between Lab)

Tappet Wear 8.1645 16.8574 16.9092
(mg) Soot Adj Ep=1.84 Ep=0.89 Ep=0.89
Camshaft Wear 4.7021 7.1512 7.1512
(um) Ep=3.19 Ep=2.10 Ep=2.10
XHead Wear 0.3817 0.3817 0.5221
(mg) Soot Ad] Ep=1.96 Ep=1.96 Ep=1.44
Torque Adjstd 5.0833 5.0833 6.3063
Cam Wear (um) Ep=2.95 Ep=2.95 Ep=2.38

ISB Matrix Analysis
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Target Summary

Attachment 9; Page 6 of 30

Oil 830-2 PC10B PC10E
Tappet Wear LS Mean = 88.23 LS Mean = 93.47 LS Mean = 67.54
(mg) Soot Adj Mean = 85.8167 Mean = 88.6833 Mean = 57.86
S =16.1416 S =15.8176 S =9.4796
Camshaft Wear LS Mean =40.20 LS Mean = 44.85 LS Mean = 36.86
(um) Mean =40.2667 Mean = 41.9833 Mean = 34.14
S =9.2058 S =5.6722 S =5.0093
XHead Wear LS Mean = 2.072 LS Mean = 2.057 LS Mean = 1.940
(mg) Soot Adj Mean = 2.0833 Mean = 2.0667 Mean = 2.0000
S =0.5345 S =0.4367 S=0.4743
Torque Adjstd LS Mean = 40.86 LS Mean =42.29 LS Mean = 33.94
Cam Wear (um) Mean =40.86 Mean = 42.2984 Mean = 33.0695
S =6.8895 S =4.7694 S =6.0193

ISB Matrix Analysis
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Correlation Summary

Between Oil and Within Oil Correlations

Between Oil | OSACSW OSATWL OSACWL
OSACSW 1.00 0.79 0.56
OSATWL 0.79 1.00 0.54
OSACWL 0.56 0.54 1.00
Within Oil OSACSW OSATWL OSACWL
OSACSW 1.00 0.54 0.33
OSATWL 0.54 1.00 0.20
OSACWL 0.33 0.20 1.00

ISB Matrix Analysis
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Average Tappet Weight Loss

« ATWL = f(Lab, Stand(Lab), Oil, Avg Soot)

— Qill Discrimination (Overall p-value=0.005)
« PC10E Lower than Other Qils

— Lab Differences (Overall p-value=0.02)
« Lab B Higher than Lab G
« Stand within Lab Effects (Overall p-value=0.02)

— Correction for Average Soot
» Slope=76 (Correct Back to 3.50% Soot)
+ SA ATWL = ATWL — 76*(AvgSoot — 3.50)

ISB Matrix Analysis 8
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Tukey Adjusted p-Values

Oil 830-2 PC10B PC10E
ot | SwEmes7se | SuEmesris | SwEme7es
Oil 830-2 0.61 0.01
PC10B 0.61 0.005
PC10E 0.01 0.005

ISB Matrix Analysis
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0S ATWL (mg)

Attachment 9; Page 10 of 30

OS Tappet Weight Loss as a Function of Oil and Soot

112
108

104
100 -
96
92 -
88 -

84
80 -

76
72

o Oil 830
APC10B
m PC10E

68
64 @

60
56 -
52 -
48 -

44
3.2

3.3

3.4 3.5 3.6 3.7

Average Soot

ISB Matrix Analysis

3.8
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0S ATWL (mg)

Attachment 9; Page 11 of 30

OS Tappet Weight Loss as a Function of Stage B Average Torque

112
108

104
100 -
96
92 -
88 -

84
80 -

o Oil 830
APC10B

76
72

m PC10E

68
64

60
56 -
52 -
48 -

44
760

770

T T T . T
780 790 800 810

Stage B Average Torque (ALOAD2)
ISB Matrix Analysis

820

830 840

11
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0S ATWL (mg)

Attachment 9; Page 12 of 30

OS Tappet Weight Loss as a Function of Oil and Lab

830 PC10B PC10E
112
108 |
[
104 [
100 |
¢ P
9 |
[
92
88 |
84
A
80 | elLab G
Alab A
76 1 mlabB
72 [ ] ® /\
68 | / . \
64 B / \
60
52 O
44 2
oil \\/
ISB Matrix Analysis 12
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0S ATWL (mg)

OS Tappet Weight Loss as a Function of Stand and Oil

Attachment 9; Page 13 of 30

112
108

104
100 -
96
92 -
88 -

Lab B

84
80 -

o Oil 830
APC10B

76
72

Lab G
’ Lab A

m PC10E

68
64

60
56 -
52 -
48 -

44

1 2 3 4
Stand

ISB Matrix Analysis

13
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0OS SA ATWL (mg)

Attachment 9; Page 14 of 30

OS Soot Adjusted Tappet Weight Loss as a Function of Stand and Oil

120
A
115 |
110 |
105 | o
100 |
o
95 -
Lab B
90 -
A A
g5 | ‘ @ Oil 830
PC10B
P A
80 o m PC10E
Lab G
75 A A LabA
70 O
65
60 m H o
55
50 [
[
45 T T T T
0 1 2 3 5 6
Stand
ISB Matrix Analysis 14
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Average Camshaft Wear

« ACSW = f(Lab, Stand(Lab), Qil)
— Some Evidence of Oil Discrimination (p=0.08)
« PC10B versus PC10E (p=0.07)

— Lab Differences (Overall p-value=0.05)
« Lab G Lower than Other Labs
« Stand within Lab Effects (Overall p-value=0.02)

— Other Possible Effects
« Stage B Average Torque

ISB Matrix Analysis 15
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Tukey Adjusted p-Values

Oil 830-2 PC10B PC10E
Camshaft Wear | LS Mean=40.2 | LS Mean =44.85 | LS Mean = 36.86
(um) StdErr = 2.137 StdErr = 2.137 StdErr = 2.473
Oil 830-2 0.33 0.54
PC10B 0.33 0.07
PC10E 0.54 0.07

ISB Matrix Analysis

16
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0S ACSW (um)

OS Average Camshaft Wear as a Function of Oil and Soot

Attachment 9; Page 17 of 30

54

52

50

48 -

46 -

44

42
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Average Soot

ISB Matrix Analysis
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0S ACSW (um)

Attachment 9; Page 18 of 30

OS Average Camshaft Wear as a Function of Stage B Average Torque

54

52

50

48 -

46 -

44

42

40 -

38 -

36

34

o Oil 830
APC10B
m PC10E
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28
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Stage B Average Torque (ALOAD2)

ISB Matrix Analysis

820 830 840
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0S ACSW (um)

OS Average Camshaft Wear as a Function of Oil and Lab

Attachment 9; Page 19 of 30

830 PC10B PC10E
54
52 - A
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48
46 - u l
44 - o o
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oLabG
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ISB Matrix Analysis 19
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0S ACSW (um)

Attachment 9; Page 20 of 30

OS Average Camshaft Wear as a Function of Stand and Oil
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52 [ )
50 |
48 |
46 A .
44 ]
A LabB

42 A

e Oil 830
40 | = APC10B

m PC10E
38 |

Lab A
36 |
Lab G [
34
o
32
30 |
28 |
26 [ ‘ ‘
0 3 4 5
Stand
ISB Matrix Analysis 20
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Average Camshaft Wear

« ACSW = f(Lab, Qil, Stage B Avg Torque)
— Some Evidence of Oil Discrimination (p=0.006)
« PC10B versus PC10E (p=0.06)

— Some Evidence of Lab Differences (p=0.006)
« Lab B Higher than Other Labs

— Torque Correction
» Slope=0.26629 (Correct Back to 800)
« SA ACSW = ACSW - 0.26629*(Torque — 800)

ISB Matrix Analysis 21
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Tukey Adjusted p-Values

Oil 830-2 PC10B PC10E
Camshaft Wear | LS Mean =40.86 | LS Mean =42.29 | LS Mean = 33.94
(um) StdErr = 2.082 StdErr = 2.077 StdErr = 2.409
Oil 830-2 0.88 0.12
PC10B 0.88 0.06
PC10E 0.12 0.06

ISB Matrix Analysis

22
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OS TA ACSW (um)

Attachment 9; Page 23 of 30

OS Torque Adjusted Average Camshaft Wear as a Function of Oil and Lab

830
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ISB Matrix Analysis 23
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OS TA ACSW (um)
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OS Torque Adjusted Average Camshaft Wear as a Function of Stand and Oil
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ISB Matrix Analysis 24
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Average Crosshead Mass Loss

« ACWL = 1(Lab, Oil, Avg Soot)
— No OIl Discrimination (Overall p-value=0.85)

— Lab Differences (Overall p-value=0.02)
 Lab A Lower than Other Labs
 No Stand within Lab Effects

— Correction for Average Soot
 Slope=1.3 (Correct Back to 3.50% Soot)
« SA ACWL = ACWL - 1.3*(AvgSoot — 3.50)

ISB Matrix Analysis 25
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Tukey Adjusted p-Values

Oil 830-2 | PC10B PC10E
XHead Wear LS Mean =2.072 | LS Mean =2.057 | LS Mean = 1.944
(mg) Soot Adj StdErr =0.1559 | StdErr=0.1564 | StdErr=0.1803
Oil 830-2 0.99 0.85
PC10B 0.99 0.89
PC10E 0.85 0.89

ISB Matrix Analysis

26
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0S ACWL (mg)
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OS Average Crosshead Mass Loss as a Function of Oil and Soot
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ISB Matrix Analysis
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OS ACWL (mg)
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OS Average Crosshead Mass Loss as a Function of Stage B Average Torque
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o Oil 830
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Stage B Average Torque (ALOAD2)
ISB Matrix Analysis 28
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OS ACWL (mg)
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OS Average Crosshead Mass Loss as a Function of Oil and Lab
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OS ACWL (mg)
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OS Average Crosshead Mass Loss as a Function of Stand and Oil
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ISB Camshaft and Tappet Test
for Lubricant Evaluation

Warren Totten
October 25, 2005
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Historic Field Problem

« |SB cams have sliding contact

* Field and test cell studies showed sensitivity
to lubricant phosphorous levels

« PC-10 will limit phosphorous to protect after-
treatment devices.

* A sliding wear, sooted oll test was needed to
protect engines in the field
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Test History — B Camshaft Pitting

Phosphorus and Ash Effects

Attachment 10; Page 3 of 20
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ISB Test Overview

« 2004 EPA Compliant engine rated at 300 HP and 600 ft-lbs
Ibf-ft torque

* The engine is run through a series of warm-up cycles to
flush the engine oil with reference or candidate oil

« Stage | consists of a 100 hour soot generation steady-state
cycle at 1600 RPM and 325 ft-lbs torque. The soot window at
100hours is 3.25 +/- 0.25% soot.

« Stage Il consists of a repeating 28 second accelerated wear
cycle for 250 hours. The oil pan level is verified as full by the
dipstick before starting this stage.

 The wear components and other test parameters are
evaluated upon successful test completion.
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Discrimination Testing

Attachment 10; Page 5 of 20

Weight Loss (mg)/Wear (mm)

ISB Cam Cycle Test Data

B TMC 1004-3 Cummins at 3.5% soot
B TMC 1004-3 SWRI at 3.14% soot

B TMC 830-2 Cummins at 3.0% soot
B TMC 830-2 SWRI at 3.1% soot

B TMC 830-2 PE at 2.94% soot

3.0

Tappet Wt Loss

Cam Wear

Crosshead Wt Loss 5



jim_m
Attachment 10; Page 5 of 20


Attachment 10; Page 6 of 20

Discrimination Testing
Analysis for Wear

e Two sample t-test was used to evaluate the
significance of the mean shift in the data (poor oil vs
good oil)

* There was a significant difference in the means of the data

* The test can discriminate between oil quality on the
accepted wear parameters
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Discrimination Testing
Cam Wear Comparison

Attachment 10; Page 7 of 20

Plot and Distribution of Cam Wear Data
Normal

0.00 0.05 0.10 0.15 0.20 0.25
Data

Variable
B camwear_ G
E=1] camwear P

Mean Stbev N
0.04702 0.02360 36
0.1284 0.05743 24
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Discrimination Testing
Tappet Wear Comparison

Plot and Distribution of Tappet Wear Data
Normal

254

Variable
B==1 Tappet WtlLoss_ G
E=11 Tappet_ WtLoss_P

Mean StDev N
84.22 24.86 36
170.4 71.01 24

0 80 160 240 320
Data
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Precision Summary
ISB Matrix Data 10/27

Attachment 10; Page 9 of 20

Repeatability s
(Within Stand)

Reproducibility s
(Btween Stand)

Reproducibility s
(Between Lab)

Tappet Wear 8.1645 16.8574 16.9092
(mg) Soot Adj Ep=1.84 Ep=0.89 Ep=0.89
Camshaft Wear 4.7021 7.1512 7.1512
(um) Ep=3.19 Ep=2.10 Ep=2.10
XHead Wear 0.3817 0.3817 0.5221
(mg) Soot Adj Ep=1.96 Ep=1.96 Ep=1.44
Torque Adjstd 5.0833 5.0833 6.3063
Cam Wear (um) Ep=2.95 Ep=2.95 Ep=2.38
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Target Summary
ISB Matrix Data 10/27

Attachment 10; Page 10 of 20

Oil 830-2 PC10B PC10E
Tappet Wear LS Mean = 88.23 LS Mean = 93.47 LS Mean = 67.54
(mg) Soot Adj Mean = 85.8167 Mean = 88.6833 Mean = 57.86
S =16.1416 S = 15.8176 S = 9.4796
Camshaft Wear LS Mean = 40.20 LS Mean = 44.85 LS Mean = 36.86
(um) Mean =40.2667 Mean = 41.9833 Mean = 34.14
S =9.2058 S =5.6722 S = 5.0093
XHead Wear LS Mean = 2.072 LS Mean = 2.057 LS Mean = 1.940
(mg) Soot Adj Mean = 2.0833 Mean = 2.0667 Mean = 2.0000
S = 0.5345 S = 0.4367 S =0.4743
Torque Adjstd LS Mean = 40.86 LS Mean = 42.29 LS Mean = 33.94
Cam Wear (um) Mean =40.86 Mean = 42.2984 Mean = 33.0695
S = 6.8895 S =4.7694 S =6.0193

10
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Proposed Limit
Tappet Weight Loss

Attachment 10; Page 11 of 20

« Based upon matrix data the tappet weight loss limit is

75 mg

* 95% CI for the mean of the parameter is 65 — 86 mg

11
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Cam Wear Issues

e Cummins uses a visual inspection scale to
rate cam distress

e Cummins established a correlation between
the “service rating” and the Adcole wear
profile results

e Following the matrix, the Surveillance Panel
adopted a Mitutoyo snap gauge measurement

e To set limits we need to relate Mitutyo to the
service rating

12
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Cam Rating Data
ADCOLE vs Mitutoyo - Average

Attachment 10; Page 13 of 20

Mitutoyo (avg)
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Proposed Limit
Average Cam Lobe Wear

* Need all of the remaining ADCOLE data from the
matrix to insure correlation

« Based upon data received and the correlation the
relationship between ADCOLE and Mitutoyo is:

ADCOLE = 1.725 X Mitutoyo

« Recommendation for passing cam is a rating of 2.0

« Based upon data a 2.0 correlates to a 50 um
ADCOLE rating or a 30 um Mitutoyo

« 95% CI for the parameter is 44 — 66 ADCOLE or 25 —
38 Mitutoyo

14
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Visual Cam Rating

Average Cummins Rating vs Average Lobe Wear by ADCOLE

3.5

N
N )]

Service Rating
o

0.5
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Maximum Lobe Wear Difference 15
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Cam Rating Issues

The Surveillance Panel felt that the data
correlating the Adcole and Mitutoyo to
Service rating was sparse.

All Matrix and Cams are being sent to
Cummins along with Adcole data.

They will be rated on the Service Rating scale

The correlation between Service Rating and
the wear measurement methods will be
improved

16
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ISB02 EGR, CI-4

Attachment 10; Page 17 of 20
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Proposed Limit
Viscosity Increase Control

« Stay in grade requirement at the 100 hour soot
window (3.25% +/- .25%)

18
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Summary of limits

Attachment 10; Page 19 of 20

 Tappet wear limit
— Target limit 75 mg weight loss

« Cam wear limit

— Target limit 30 ym wear by Mitutoyo snap gauge

* Viscosity limit

— Target limit “stay in grade” at the 100 hour soot

window 3.25% +/- 0.25%

19
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Summary of limits

 Tappet wear limit
— Target limit 75 mg weight loss

« Cam wear limit
— Target limit 30 ym wear by Mitutoyo snap gauge

* Viscosity limit

— Target limit “stay in grade” at the 100 hour soot window
3.25% +/- 0.25%

* ISB was recommended for inclusion in PC10
at recent HDEOCP meeting

« MOTION: Exit Ballot these limits for the ISB

20
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CONFIDENTIAL

Caterpillar C13
Matrix Data Analysis

» Discussed at meeting on October 20t, 2005

« Participants: Jim Rutherford, Elisa Santos,

* Phil Scinto and John Zalar

» Participants in part: Jeff Clark and Todd Dvorak

Oct 27, 2005

Attachment 11; Page 1 of 13

“The industry statisticians reached consensus on analyses of

the PC-10 Precision Matrices. We agreed that we have more work to do,
more details to examine, more questions to address, etc. However, we
don't expect the basic analyses to change substantially from what we
have today and we are ready to share with the industry.”

Slide 1 of 13

CATERPILLAR’
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CONFIDENTIAL

Summary (1)

Oct 27, 2005

Attachment 11; Page 2 of 13

Statistical evidence that Lab F is severe on Delta

OC

Analysis with 32 tests shows that Lab A is mild

for Delta OC
Lab B is severe for TLC and TLHC
Additional Lab differences

— UWD: Lab A & Lab B: Lab A & Lab G: Some

indication of Lab B severity
— TGC:LabA & Lab G
— TGF:LabA&LabF;LabA&Lab G

Slide 2 of 13

CATERPILLAR’
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CONFIDENTIAL Oct 27, 2005

Summary (2) Attachment 11; Page 3 of 13

Impact of Base Oil on Delta OC seems to vary with Technology
— Delta OC increases with Base Oil (1,2,3) for Technology B

— And there are no significant differences among Base Qils for
Technology A

* In general, Deposits for Base Oil 3 are higher compared to Base Oil 2
and Base Oil 1

« Correlation of Delta OC with Deposits is very weak: ~ 0.4 or lower,
most of them not significantly different from zero

* Precision:

* E pis greater than 1 for TLC and TLHC
« ~0.85for TGC
* ~0.65 for Delta OC and TGF

Slide 3 of 13 EHERPILI.AB”
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CONFIDENTIAL

Base Qil Effect Summary

Oct 27, 2005

Attachment 11; Page 4 of 13

from the BOI presentation (10/21/05)

Slide 4 of 13

Parameter | Technology | Base Oil Effect Observed Statistically
Significant?
OC A Higher Sats/BOVI=Lower OC No
OC B Higher Sats/BOVI=Higher OC Group Il
UWD A&B Group IlI=Higher UWD Yes
TLC A Higher Sats/BOVI=Higher TLC No
TLC B Group llI=Higher TLC Yes
TLHC A Higher Sats/BOVI=Higher TLHC No
TLHC B Group llI=Higher TLHC Yes
TGF A&B NONE NA
TGC A&B Group llI=Higher TGC No

CATERPILLAR’
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CONFIDENTIAL

Delta OC by Tech/Base Oil

Parameter versus
Tech/Base Oil Combination

60
I

50
|

40

30
|

ItmsCylinder24tests$Delta.OC

20

10

Oct 27, 2005

Attachment 11; Page 5 of 13

OTGC by Tech/Base Oil

ItmsCylinder24tests$OTGC

A1 A2

A3 B, B2 BI3.

OTLC by Tech/Base Oil

r—‘=

OTLHC by Tech/Base Oil

40

—

35
|

30
|

ItmsC13Sept28matrix$scrnd. TLC

20

i
[a——}

!

ItmsC13Sept28matrix$scrnd. TLHC

o
A A2 B/2 B/3 Al V.
n=3 n=7 =6 n=3 n=3 n=7

ItmsC13Sept28matrix$ TechXBaseOil

A/3 B/1 B/2 B/3
n=2 n=3 n=6 n=3
ItmsC13Sept28matrix$ TechXBaseOil

CATERPILLAR’
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CONFIDENTIAL Oct 27, 2005
Attachment 11; Page 6 of 13

Precision

« Desirable values for E p are greater than 1

— E pis greater than 1 for TLC and TLHC

Precision based on the model Median of MAD survey E p1 E p2

Parameter 24 tests 32 tests

Delta OC 6.5 6.82 45 0.6923 0.6598
ouwbD 8.15 8.5

OTGC 5.85 5.74 5 0.8547 0.8711
OTGF 7.22 6.96 45 0.6233 0.6466
scrnd TLC 4.02 4.25 4.5 1.1194 1.0588
scrnd TLHC 3.05 3.45 4 1.3115 1.1594

MAD survey indicates the maximum acceptable difference between

Slide 6 of 13 EHEHP“_LAH@
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CONFIDENTIAL Oct 27, 2005

Attachment 11; Page 7 of 13

Delta OC versus Base Oll

Delta OC By Base.Oil

60 N Z
AD Technology LTMSLAB
50— - % o A = A
x B = B
40 - D
@)
= F
?E 30 >% X = G
O Level Least Sq Std
(|| Mean Error
_ A1 43.61 4.00
20 X L] A2 36.88 2.52
A3 23.64 4.99
_ B,1 17.12 4.27
10 % >< B,2 27.32 2.86
B,3 49.19 4.23
0 I I
1 2 3

Slide 7 of 13 EHEHPILLAH“’
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CONFIDENTIAL Oct 27, 2005

Attachment 11; Page 8 of 13

OTGC versus Base Qil

OTGC By Base.Oil

65
Technology LTMSLAB
60 o A = A
55— x B = B
50 = H = D
O ] I:g = F
O -
= 45 >< Least S%
O X >< Level Sq Mean Error| Mean
40 |§ 1 43.64 2.30 42 .41
2 45.41 1.58 44.76
— 3 52.22 2.83 54.30
35 % X
30— ]
25 I |
1 2 3

Slide 8 of 13 EHERPILI.AH“’
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CONFIDENTIAL Oct 27, 2005

Attachment 11; Page 9 of 13

scrnd TLC versus Base Oil
scrnd TLC By Base.Oil

45
Technology LTMSLAB
404 o A = A
] x B = B
35+ X X - D
O
= - F
-g 30— I:I >< D Level Least Sq S(t% Error
G D:’ l:l Mean
n X A 21.62 247
25 ] A2 27.33 1.56
X A3 28.64 3.08
X ] B,1 26.60 2.63
20 ] B.2 25.50 1.76
X B.3 39.81 261
15 I |
1 2 3
Base.Oil

Slide 9 of 13 EHERPILI.AH“’



jim_m
Attachment 11; Page 9 of 13


CONFIDENTIAL Oct 27, 2005

C1 3 SP DiSCUSSiOn Of PC1 O Attachment 11; Page 10 of 13

1. CA13 data analysis almost completed by statisticians
who have agreed on the main findings. Further data
review was requested by SP.

2. SP agreed on five Pass/Fail parameters.

3. SP waiting on choice of lower Piston Deposit
parameter(s) instead of UWD. Action to complete by
end next week.

4. C13 Lab Bias Task Group was established and
iInvestigations are on-going, concentrating on Torque,
Qil external (Pressure, weights and cooling) system.

Slide 10 of 13 mEHPILLAH@
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CONFIDENTIAL Oct 27, 2005

C1 3 PaSS/FaiI Criteria Attachment 11; Page 11 of 13

Caterpillar Piston Deposit Test Requirements

1. No scuffed Pistons, Rings, Liners — Non-interpretable
2. No Hot stuck Rings

3. No loss of O1l Consumption Control

4

No unacceptable Piston Deposits:

a) TLC

b) TGC

¢) TBD (2™ ring and groove deposits)

Slide 11 of 13 WERPILLAH@
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CONFIDENTIAL Oct 27, 2005

C13 Move Forward Plan/ Test Readiness [agachment 11 Page 12 of 13

[dentify Parameters — by Nov 2
Outlier screening methods for LTMS - Nov 5

Limits proposal with determination of :

 Means methods,
 Standard deviation based on 24 BOI tests

Reference Oil selection

Slide 12 of 13 WERPILLAHW
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CONFIDENTIAL

C13 Test Limit Status

Oct 27, 2005

Attachment 11; Page 13 of 13

_ Merit Merit
Min e Weight
Oil Consumption 10 25 30.6 300
Delta
TLC 20 30 35 300
TGC 30 48 51.5 250
UWD 150

Slide 13 of 13
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!'_ ACC Position on C13 Timing

October 27, 2005
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i C13 Assumptions

s Ten C13 stands available in the
industry

= One month per test - ten tests per
month

= 30% to 50% pass rate

=» Three to five passes per month
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i C13 Assumptions — Best Case

= 36 passes required if full BOI/VGRA
guidelines are granted

= All BOI/VGRA qguidelines roll over from
the Cat 1R to the C13 by 1/1/2006

=» Seven to twelve months to
complete
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i C13 Assumptions — Mid Case

= /3 passes required if only C13 BOI
guidelines are granted

= Full BOI guidelines in place by 1/1/2006

E Q?BVGRA guidelines are granted for the

=» Fifteen to twenty-four months
to complete
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i C13 Assumptions — Worst Case

= 223 passes required without enabling
C13 guidelines

= No BOI guidelines are granted
= No VGRA guidelines are granted

=» Four to six years to complete
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i Considerations

= Without testing relief for the C13 test:

= The October 2006 deadline requested
by EMA will be missed by several years

= All oil marketers will be affected
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i A Proposed Solution

= Agree Caterpillar C13 BOI/VGRA
guidelines through the API
BOI/VGRA Task Force

= Perhaps in conjunction with existing
Caterpillar 1P BOI/VGRA guidelines
= If this is not successful, seek
Caterpillar C13 testing relief through
the HDEOCP
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10/31/05

ASTM-HDEOCP EXIT CRITERIA BALLOT:
To accept the Cummins ISM limits for PC-10 and to move
Jorward with an “Exit Criteria Ballot

Company Name Affirmative | Negativte

Afton Chemical Charles Passut X
BP Mike Lynskey X
Caterpillar Inc Abdul Cassim
Chevron Oronite LLC Wm. Kleiser X
ChevronTexaco Jim Mc Geehan X
Ciba Specialty Chemicals | Scott Harold X
ConocoPhillips David E. Taber X
Cummins Warren Totten X
DDC Mesfin Belay
Dana Corporation Howard Robins X
Deere & Co Ken Chao X
EMA Roger Gault X
ExxonMobil Steven Kennedy X
GM Robert Stockwell X
Infineum Pat Fetterman X
Int’l Truck & Engine Heather DeBaun X
Lubrizol Lewis Williams X
Mack Division-Volvo Greg Shank
Powertrain
PerkinElmer Thomas M. Franklin
RohMax USA Steven Herzog X
Shell Matthew Urbanak X
Valvoline Wm. Runkle Jr. X
Volvo Power Train Greg Shank X

Totals 10 9



jim_m
Attachment 13; Page 1 of 15


EXIT CRITERIA BALLOT

Attachment 13; Page 2 of 15

ASTM-HDEOCP
BALLOT FOR VOTING MEMBERS ONLY
Reference: Jim Mc Geehan, Chairman

Issue Date: October 14, 2005
Receipt Deadline:
October 25, 2005

RETURN BALLOT TO: Name: Scott Harold
Pat Connelly via email (preferred): | Organization: Ciba Specialty Chemicals
patconnelly@chevrontexaco.com Date: 10/25/05
or via Fax: 510-242-3758 Phone No.: 914 275-2711
Motion Affirnative | Negative
To accept the Cummins ISM limits for PC-10 and to move forward D X]
with an “Exit Criteria Ballot.”
Proposed PC-10 Parameters
Crosshead Top Ring Oil Filter Adjusting Screw
Criterion Weight Loss | Weight Loss Delta P Weight Loss Sludge
Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 5.0 65 12 30 9.0
Minimum 3.5 40 5 15 9.5

I have placed the data for the 95% confidence interval into this spreadsheet in the parameter

worksheet.

ISMMeritRatingl_rev
2.Xs

Comments:

Need limits for other PC-10 tests to be established

Issue of redundancy still exists

050115-McGeehan
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ASTM-HDEOCP

Issue Date: October 14, 2005

BALLOT FOR VOTING MEMBERS ONLY Receipt Deadline:
Reference: Jim Mc Geehan, Chairman October 25, 2005
RETURN BALLOT TO: Mike Lynskey
Pat Connelly via email (preferred): | Organization: BP
patconnelly@chevrontexaco.com 25 October 2005
or via Fax: 510-242-3758 Phone No.: 443 799 6977
Motion Affirmative | Negative
To accept the Cummins ISM limits for PC-10 and to move forward D &
with an “Exit Criteria Ballot.”

Proposed PC-10 Parameters

Crosshead Top Ring Oil Filter Adjusting Screw
Criterion Weight Loss | Weight Loss Delta P Weight Loss Sludge
Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 50 65 12 30 9.0
Minimum 3.5 40 5 15 9.5

| have placed the data for the 95% confidence interval into this spreadsheet in the parameter

worksheet.

ISMMeritRatingl_rev
2.xls

Comments:

We understood from the PC-10 needs statement that the ISM was a replacement for the M11 test
from the API CI-4 category, as can be seen from the results on 830-2 these limits appear to move the
test severity significantly. We would like the test sponsor to reconsider the proposed limits or provide

field data to justify the increase in severity.

As far as we are aware no discrimination data has been presented for the top ring weight loss
parameter. We would like to understand what discrimination data exists prior to accepting limits.

050115-McGeehan
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ASTM-HDEOCP

Issue Date: October 14, 2005

BALLOT FOR VOTING MEMBERS ONLY Receipt Deadline:
Reference: Jim Mc Geehan, Chairman October 25, 2005
RETURN BALLOT TO: Name: Jim McGeehan
Pat Connelly via email {preferred): | Organization: Chevron
patconnelly@chevrontexaco.com Date: October 21% 2005
or via Fax: 510-242-3758 Phone No.: 510-242-2268
Motion Affirmative | Negative
To accept the Cummins ISM limits for PC-10 and to move forward D XD
with an “Exit Criteria Ballot.”

Proposed PC-10 Parameters

Crosshead Top Ring Oil Filter Adjusting Screw
Criterion Weight Loss | Weight Loss Delta P Weight Loss Sludge
Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 5.0 65 12 30 9.0
Minimum 3.5 40 5 15 9.5

I have placed the data for the 95% confidence interval into this spreadsheet in the parameter

worksheet.

ISMMeritRating1_rev
2.xIs

Comments:

This category is design to be back-ward compatible with performance equal to API CI-4 Plus oils
using the reference oil 830-2. The limits propose is an up-grade beyond API CI-4 Plus. These limits
should focus at the 830-2 performance and not the limits proposed. It is important in regard to
category timing that these limits need to be changed to level of 830-2 level to ensure the category can

be delivered on time.

050115-McGeehan
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Attachment 13; Page 5 of 15

ASTM-HDEOCP
BALLOT FOR VOTING MEMBERS ONLY
Reference: Jim Mc Geehan, Chairman

Issue Date: October 14, 2005
Receipt Deadline:

October 25, 2005

RETURN BALLOT TO: Name: Steven Kennedy
Pat Connelly via email (preferred): Organization: ExxonMobil
patconnelly@chevrontexaco.com Date: 10/24/05
or via Fax: 510-242-3758 Phone No.: 856-224-2432

Motion Affirmative Negative
Tp acce“pt t_he Qummins ISIYI limits for PC-10 and to move forward D IZ]
with an “Exit Criteria Ballot.

Proposed PC-10 Parameters

Crosshead Top Ring Oil Filter Adjusting Screw
Criterion Weight Loss | Weight Loss Delta P Weight Loss Sludge
Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 5.0 65 12 30 9.0
Minimum 3.5 40 5 15 9.5

| have placed the data for the 95% confidence interval into this spreadsheet in the parameter

worksheet.

Comments:

The ISM was included in the PC-10 category as a backward compatibility test. Since the limits on this
ballot are far more restrictive than those already accepted as the alternate limits for API CI-4, we can
not support this proposal. In particular, the fact that these limits make TMC 830 a very borderline oil
is a major concern. It indicates that PC-10 would have much more severe wear requirements in a test
common to both categories. We believe that the more severe limits for the ISM parameters common to
CI-4 and PC-10 have not been fully justified. Also, the parameters being added need to be discussed in

more detail.

050115-McGeehan
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ASTM-HDEOCP

BALLOT FOR VOTING MEMBERS ONLY
Reference: Jim Mc Geehan, Chairman

Issue Date: October 14, 2005
Receipt Deadline:
October 25, 2005

RETURN BALLOT TO: Name:

Pat Connelly via email (preferred):

patconnelly@chevrontexaco.com Date:

or via Fax: 510-242-3758

Steven Herzog

Organization: RohMax USA

October 24, 2005

Phone No.: 610-513-1865

Motion Affimative | Negative
To accept the Cummins ISM limits for PC-10 and to move forward D X
with an “Exit Criteria Ballot.”
Proposed PC-10 Parameters
Crosshead Top Ring Oil Filter Adjusting Screw
Criterion Weight Loss | Weight Loss Delta P Weight Loss Sludge
Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 5.0 65 12 30 9.0
Minimum 3.5 40 5 15 9.5

| have placed the data for the 95% confidence interval into this spreadsheet in the parameter

worksheet.

ISMMeritRatingl_rev
2.xls

Comments:

Our understanding on the adopting of the ISM test was that it would be a replacement test for the
Cummins M11 at the M11 limits. The proposed ISM limits appear to be an increase in severity versus

the M11.

050115-McGeehan
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ASTM-HDEOCP
BALLOT FOR VOTING MEMBERS ONLY
Reference: Jim Mc Geehan, Chairman

Issue Date: October 14, 2005
Receipt Deadline:

October 25, 2005

RETURN BALLOT TO:

Pat Connelly via email (preferred): | Organization:

patconnelly@chevrontexaco.com Date:

Name: William M. Kleiser

Chevron Oronite Company, LLC

October 24, 2005

or via Fax: 510-242-3758 Phone No.: 510242 3027

Motion Affimative | Negative
To accept the Cummins ISM limits for PC-10 and to move forward D @
with an “Exit Criteria Ballot.”

Proposed PC-10 Parameters

Crosshead Top Ring Oil Filter Adjusting Screw
Criterion Weight Loss | Weight Loss Delta P Weight Loss Sludge
Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 5.0 65 12 30 9.0
Minimum 3.5 40 5 15 9.5

| have placed the data for the 95% confidence interval into this spreadsheet in the parameter

worksheet.

> fage |
ISMMeritRatingl_rev

2.xls

Comments:

Chevron Oronite feels that it is not possible to agree on PC10 tests individually. Additional testing on
PC10 candidate oils is required in order to more clearly assess the relative appetites of all of the PC10
tests. Once that is complete it will be possible to evaluate the relative requirements of all tests as

opposed to each individually.

In addition to the need to complete additional demonstration testing, the proposed limits are

inappropriate in that they represent a significant performance upgrade versus both CI-4 and CI-4 Plus.

050115-McGeehan
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During all discussions regarding the conception and development of PC10, the clear intent has been a
maintenance of current performance with a reduction in maximum allowable lubricant sulfated ash,
sulfur, and phosphorus. All estimates of testing timelines has used performance levels equivalent to
current lubricants as the target. An increase of performance will cause a lengthening of the timeline
due to the impact on test pass/fail rates.

Finally, anchors and associated maximum and minimums must be based on available statistically
sound data. Adjustments in ranges (i.e. maximum or minimum) which imply a test precision greater
than demonstrated are not acceptable as it implies capability not demonstrated by the test method. The
use less rigorous methods of evaluating data, such as engineering judgment, would be appropriate only
if statistically sound data were not available. Past experience is that limits set arbitrarily beyond the
capability of a test method can result in significant problems such as unexplained severity shifts.

050115-McGeehan
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EXIT CRITERIA BALLOT
ASTM-HDEOCP Issue Date: October 14, 2005
BALLOT FOR VOTING MEMBERS ONLY Receipt Deadline:
Reference: Jim Mc Geehan, Chairman October 25, 2005
RETURN BALLOT TO: Lewis Williams
Pat Connelly via email (preferred): | Organization: Lubrizol
patconnelly@chevrontexaco.com 10/24/05
or via Fax: 510-242-3758 Phone No.: 440-347-1111
Motion Affirnative | Negative
To accept the Cummins ISM limits for PC-10 and to move forward |_—__| XD
with an “Exit Criteria Ballot.”
Proposed PC-10 Parameters
Crosshead Top Ring Oil Filter Adjusting Screw
Criterion Weight Loss | Weight Loss Delta P Weight Loss Sludge
Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 5.0 65 12 30 9.0
Minimum 3.5 40 5 15 9.5

| have placed the data for the 95% confidence interval into this spreadsheet in the parameter

worksheet.

ISMMeritRating1_rev
2.xls

Prgt |

Comments:
See attachment.

050115-McGeehan
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Connelly, Patricia (patconnelly)

From: Williams, Lewis [LAWM@L.ubrizol.com]

Sent: Monday, October 24, 2005 12:21 PM

To: Mc Geehan, James (JIAM); Connelly, Patricia (patconnelly)

Cc: Castanien, Chris; Scinto, Phil; Shah, Mayur; Galic, Mary; Duncan, David; Baumgartner, Daryl;

Matasic, James; Griggs, Michael; Domonkos, Dan; Carlson, Jon; Mackney, Derek; Wilby, lan;
Rees, Mark; Nai, Paul; Okubo, Masakatsu; Dohner, Brent; Curtis, Thomas; Carroll, Dale;
Joyce, Matthew; Ribeiro, Antonio; Fisher, Alison; Marn, Don

Subject: ISM Exit Criteria Ballot
Attachments: Cummis ISM-Exit Criteria Ballot PC-10 Parameters.doc

<<Cummis ISM-Exit Criteria Ballot PC-10 Parameters.doc>>

Lubrizol votes negative on the ISM exit ballot and offers the following aiternative proposals.

Proposed PC-10 Parameters

Merit System Calculations are based on the Standard Deviation of RO 830 and the application of 2.5 standard
deviations from the anchor to establish the max and the min. RO 830 is a borderline passing oil.

Crosshead Weight Loss Top Ring Weight Loss Qil Filter Delta P Adjusting Screw Weight Loss
Sludge
Weight 300 100 250 200 150
Maximum7.0 125 55 122 87
Anchor 55 75 19 50 9.0
Minimum40 25 7 21 93
Standard Deviation Used in Calculations 1.09 19  0.4245 0.3563 0.1354

1.  We changed the weight on crosshead weight loss from 250 to 300 to reflect the importance and significance
of this parameter in the ISM test.

2. We dropped the weight of the ASWL from 250 to 200. p
3 ML

Anchor points were set to make 830-2 a borderline passing oil.

In general Lubrizol does not feel the ISM lends itself to using a merit system to evaluate oils. Crosshead weight
loss is the true pass/fail parameters while TRWL, OFDP, ASWL and Sludge can be considered fail safe
parameters. We alternatively propose conventional tiered limits based on the proposed merit system anchor point.

Tiered Limits are based upon the proposed anchors and the Standard Deviation of RO 830.

Crosshead Weight Loss Top Ring Weight Loss  Qil Filter DeltaP  Adjusting Screw Weight Loss
Sludge
1TestLimit 55 75 19 50 90
2Testlimit 60 84 23 59 89
3TestLimt 63 88 26 64 89

10/24/2005
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The ISM was presented as a replacement test for the M11 EGR to assure backwards compatibility of CJ-4 oils to
previous C categories. We have already agreed to ISM limits to replace the M11 EGR in previous categories. The
proposed limits on the ballot are a substantial upgrade over Ci-4 limits and we believe are not consistent with the
intention of the ISM test development. The original goal of CJ-4 was to maintain engine durability at Cl-4 PLUS
levels but at reduced chemical limits to enable the use of DPFs to meet PM limits for 2007.

The limits offered in the tiered limit proposal set the pass/fail criteria such that 830-2 is borderline passing which is
consistent with the objectives for the use of the ISM as a replacement test for the M11 EGR.

Lubrizol would prefer to wait until all pass/fail limits for the PC-10 category are proposed before we move forward
with setting the limits on the ISM. The industry is currently in the technology demonstration period of category
development where we are seeking to understand the appetites of the PC-10 category overall. Trying to set the
limits on one major test before we have sufficient time to understand the performance requirements of all major
tests makes setting realistic limits impossible.

Lew

'4"'3

Both the individual sending this e-mail and The Lubrizol Corporation intend that this electronic message
be used exclusively by the individual or entity to which it is intended to be addressed. This message may
contain information that is privileged, confidential and thereby exempt and protected from unauthorized
disclosure under applicable law. If the reader of this message is not the intended recipient, or an
employee or agent responsible for delivering the message to the intended recipient, be aware that any
disclosure, dissemination, distribution or copying of this communication, or the use of its contents, is not
authorized and is strictly prohibited. If you have received this communication and are not the intended
recipient, please notify the sender immediately and permanently delete the original message from your
e-mail system.

http://www.lubrizol.com/disclaimer/cliquez_ici_pour_traduction_en_francais. htm

http://www lubrizol.com/disclaimer/Fur_die_deutsche Ubersetzung_bitte hier klicken.htm

http://www lubrizol.com/disclaimer/Clicar_aqui_para_versao_em_Portugues.htm

http://www lubrizol.com/disclaimer/De_un_clic_aqui_para_su_traduccion_al_espanol.htm
http://www.lubrizol.com/disclaimer/Chinese.htm

http://www.lubrizol.com/disclaimer/Japanese. htm

10/24/2005
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EXIT CRITERIA BALLOT

ASTM-HDEOCP
BALLOT FOR VOTING MEMBERS ONLY

Issue Date: October 14, 2005
Receipt Deadline:

Reference: Jim Mc Geehan, Chairman October 25, 2005
RETURN BALLOT TO: Name: Charles A. Passut
Pat Connelly via email (preferred): | Organization: Afton Chemical
patconnelly@chevrontexaco.com Date: 10/24/05
or via Fax: 510-242-3758 Phone No.: 804-788-6372

Motion Affirmative | Negative

To accept the Cummins ISM limits for PC-10 and to move forward D XD
with an “Exit Criteria Ballot.”

Proposed PC-10 Parameters

Crosshead Top Ring Oil Filter Adjusting Screw
Criterion Weight Loss | Weight Loss Delta P Weight Loss Sludge
Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 5.0 65 12 30 9.0
Minimum 3.5 40 5 16 9.5

I have placed the data for the 95% confidence interval into this spreadsheet in the parameter

worksheet.

2.XIs

Dgp |

Comments:

Afton Chemical votes negative on these proposed Cummins ISM PC-10 limits for the following

reasons:

1) It was previously agreed not to set limits before January 23, 2006. Afton feels that as we are
currently developing our PC-10 technology, setting ISM limits now is premature, since we do
not yet know the proposed limits for the Cummins ISB, Mack T-12 and Caterpillar C13 tests.

2) Afton is also concerned that these proposed ISM PC-10 limits are an upgrade from those for
API CI-4 Plus. We have not seen any data to justify an upgrade.
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3) Afiton needs more time to determine if the newly proposed weighting factors and max/min
values improve or hurt the repeatability of the merit values. We would like more information
on how these limits were derived and how they relate to the field. With all of the PC-10 matrix
analyses currently being performed, Afton has not had adequate time to digest and understand
the underlying statistics that were used to develop the limits. Afton is concerned that when
using operationally valid TMC 830-2 data, it appears that the new merit maximums do not
reflect the precision of the test. In particular, unless supported by a very high level of test and
measurement precision, the sludge limits as defined are unacceptable. Currently, studge ratings
are reported to one decimal place. The difference between the proposed maximum and anchor
values is only 0.1 units. Effectively, these two numbers are the same. They are less than one
standard deviation of the reference oil (about 0.15 units) and are also less than one standard
deviation of the rating workshop data. Yet one result is worth 0 merits, the other result is worth
150 merits, and nothing is available in between them.

4) Afion is concerned that TRWL is included as a pass/fail parameter, since this parameter has
never been shown to discriminate in the ISM test. We presume that TRWL has been included
in the proposed ISM PC-10 merit system as a fail-safe, to catch flyers, but the data suggests
that these flyer results are due to operational and/or hardware problems, and are not oil related.
Afton believes that it is impractical and unsupported to have TRWL as a pass/fail parameter.

Afton does, however, favor the use of a merit system for this test.

050115-McGeehan
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EXIT CRITERIA BALLOT
ASTM-HDEOCP Issue Date: October 14, 2005
BALLOT FOR VOTING MEMBERS ONLY Receipt Deadline:
Reference: Jim Mc Geehan, Chairman October 25, 2005

RETURN BALLOT TO: Name: Pat Fetterman
Pat Connelly via email (preferred): | Organization: Infineum
patconnelly@chevrontexaco.com Date: 10/19/05
or via Fax: 510-242-3758 Phone No.: (908) 474-3099

Motion Affirmative | Negative
To accept the Cummins ISM limits for PC-10 and to move forward D XD
with an “Exit Criteria Ballot.”

Proposed PC-10 Parameters

Crosshead Top Ring Oil Filter Adjusting Screw
Criterion Weight Loss | Weight Loss Delta P Weight Loss Sludge
Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 5.0 65 12 30 9.0
Minimum 3.5 40 5 15 9.5

I have placed the data for the 95% confidence interval into this spreadsheet in the parameter

Page

worksheet.

ISMMeritRating1_rev

2.Xls

Comments:

Infineum votes negative on these limits for several reasons —
1) As we noted in our original response to including the ISM into PC-10, we are concerned that
three separate tests addressing valve train wear are included in this category. We have shared

data with both the Valve Train Wear Task Force and the HDEOCP showing that the ISM and

ISB give the same ranking of passing and failing oils with a much better separation in the ISB

than the ISM. No data has been shared with either the VTWTF or the HDEOCP to contradict

these observations, and this makes one of these tests redundant. Given the better separation in

050115-McGeehan
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the test, Infineum believes the ISB test should be the only Cummins Valve Train Wear Test
selected for PC-10.

2) The ISM was put forward by Cummins as a necessary replacement test for the M11-EGR, and
as such it was accepted with very minimal testing. In fact, the only testing run under final
conditions and soot loading was a mini-matrix consisting of limited tests with TMC 830-2 as
the M11-EGR benchmark oil and TMC 1004 as the discriminating oil. The extent of this testing
was significantly less than would be required to develop a meaningful precision statement for
the ISM, but it was sufficient to show statistical separation between TMC 830-2 and TMC
1004.

If the ISM had been presented to industry as a “new test” with significantly revised pass/fail
parameters and tighter limits, it is unlikely it would have been accepted without more data to
develop a precision statement.

3) The ISM was described to industry as the EMA’s “backward compatibility” test to insure no
loss of performance versus API CI-4. Since we have already agreed to limits which describe the
CI-4 performance of oils in this test, those already agreed limits should suffice for PC-10.

4) Top Ring Weight Loss in the M11-EGR has already been agreed as redundant to Top Ring
Weight Loss in the Mack T-10 based on an extensive review of candidate date showing that
oils passing the parameter in the T-10 always pass the M11-EGR parameter. Since the T-12
also measures TRWL, and since the Matrix data show both PC-10 Matrix candidates out
performing the T-10 reference oil, TMC 820-2, Top Ring Weight Loss in the T-12 should
cover the needs of the ISM.

5) Additional ISM reference data is now available which show the above limits would fail TMC
830-2 on wear 40% of the time. TMC-830-2 average Crosshead Weight Loss averages two
standard deviations below the pass/fail limit in the M11-EGR, and it has never failed the wear
parameter using batch A crossheads. In addition, during the ISM development period,
Cummins put forward an oil identified as ISMA which was described as “the best M11-EGR
performing oil Cummins had ever seen”. The above proposed limits would fail that oil 100% of
the time on Injector Adjusting Screw Weight Loss. For a test described to be a “placeholder” to
insure there is no loss in valve train wear protection in PC-10, this level of performance is
totally unwarranted.

«PW?\

050115-McGeehan
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ISM Exit Ballot Response

David Stehouwer
October 27, 2005
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Motion

Affirmative Negative

To accept the Cummins ISM limits for PC-10 and to move forward
with an “Exit Criteria Ballot.”

9 8

Proposed PC-10 Parameters

Adjusting

Crosshead Top Ring Screw

Weight Weight Oil Filter Weight

Criterion Loss Loss Delta P Loss Sludge

Weight 250 100 250 250 150
Maximum 6.0 90 20 40 8.9
Anchor 5.0 65 12 30 9.0
Minimum 3.5 40 5 15 9.5
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Ballot Response

« Cummins has stated clearly and often that
ISM would have it’s own limit.

« PC-10 performance based on 830, and not
on correlation with M11 EGR

 ISM/ M11 EGR correlation was developed
across multiple oils and the pass / fail limit
set as an offset from the performance 830
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 New data has expanded the 830 data set.

— Is there a severity shift?

— Cummins needs to re-evaluate 830 limits

« “Backward Compatibility” refers to the
use of high Sulfur fuel and its impact on

wear, filter plugging and TBN

— Does not mean “same limits”.

* Merit System was a response to ACC

desire for flexibility.

— If it gives problems, we can consider

traditional limits
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