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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 Oil 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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5.1 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 API members. 

5.2 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. 

5.3 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 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. 

7.2 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, oil, 
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 µm 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 III 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 2nd 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 26th 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 Oil Filter Plugging (OFDP), then merits aren’t needed.  Use straight limits with tiered 
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limits for multiple tests instead.  Proposed limits are a substantial upgrade when originally 
proposed as a replacement test.  Supposed to be a CI-4 replacement at CI-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.   

 
12.0 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 CI-4.  Abdul Cassim seconded.  The motion carried with 17 votes for, 0 
votes against, and 2 waives. 

 
13.0 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. 

 
14.0 Next meetings 

14.1 Conference call week of November 14th. 
14.2 December 5th and 6th 
14.3 Week of January 23rd. 

 
15.0 The meeting was adjourned at 11:45 am. 



Tentative  Agenda 
ASTMSECTION D.02.BO.02 

HEAVY-DUTY ENGINE OIL CLASSIFICATION PANELS 
  

Southwest Research Institute 
6220 Culebra Road, San Antonio, Texas (Bld 209 Room 103) 

  October 27th, 2005 
8:30 am-2:15 pm 

 

Chairman/ Secretary:   Jim Mc Geehan/Jim Moritz 
Purpose:     PC-10 
       

Desired Outcomes:   Complete PC-10 on time         
 TOPIC  PROCESS WHO  TIME 

Agenda Review • Desired Outcomes & Agenda  Group  8:30-8:35 

Minutes Approval • October 12th ,  2005 Group 8:35-8:40 

Membership • Changes: Additions 

• Status of API CF-4 ballot  

• Delivering PC-10 on time!   

Jim Mc Geehan  8:40-8:45 

NCDT Repor •  Cat  1N/Cat1P in PC-10 

• Vote and Exit-Criteria Ballot 

• Time-line and first license date 

Bill Runkle 8:45-9:15 

Matrix Status • Final cost of Cummins ISB; Mack 
T-12; Caterpillar C13 matrix. 

• Total number of test completed 

John Zalar 9:15-9:25 

Mack T-12/T-11  • Mack T-12 data analysis 

• Proposed Merit system 

• Vote and Exit-Criteria Ballot 
(Return date Nov. 21) 

• Mack T-11 limits and slope 

• Vote and Exit-Criteria Ballot 

Greg Shank 

Jim Rutherford 

 

9:25-10:15 

Coffee break •   10:15-10:30 

Cummins ISB • Data Analysis 

• Proposed limits 

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

•  

Dave Stehouwer 

Phil Scinto 

10:30-11:15 

Caterpillar C13 • Data Analysis 

• Proposed Merit system 

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

Abdul Cassim 

Elisa Santos 

11:15-12:15 

jim_m
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 TOPIC  PROCESS WHO  TIME 

 

Lunch •   12:15-1:00 

Cummins ISM • Exit-Criteria Ballot returns 

• Discussion and vote 

Jim McGeehan 1:00-1:45 

ACC Report • ACC’s timing concerns and other 
issues 

Lew Willians 1:45-2:00 

Review of all tests in 
PC-10 

• Engine and Bench tests. Jim McGeehan 

Group 

2:00-2:10 

New Business •   2:10-2:15 

Next Meetings • December 5 and 6th in Norfolk,  
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PC-10 New Category Development Team
October 21, 2005

Chair

PO Box 14000, LA-GN
Lexington, KY  40512-4001

Ph: 859 357-7686
Fax: 859 357-7610

wrunkle@ashland.com
Voter

William A. Runkle, Jr. The Valvoline Company
API Representative

Member

Building 71, Room 7354
100 Chevron Way
Richmond, CA  94802-0627

Ph: 510 242-2246
Fax: 510 242-3758

alex@chevron.com
Non-Voter

West Alexander, III Senior Staff Engineer
Chevron Corporation Energy 
Technology Company

1300 Wilson Boulevard
Arlington, VA  22209

Ph: 703 741-5616
Fax: 703 741-6091

doug_anderson@americanchemistry.com
Non-Voter

Doug Anderson American Chemistry Council
ACC Representative

2 North LaSalle Street, #2200
Chicago, IL  60602

Ph: 312 269-8405
Fax: 312 269-1747

scarlson@ngelaw.com
Non-Voter

Sue Carlson EMA Legal Counsel
Neal, Gerber & EisenbergEMA Representative

Rt 29 @  Old Galena Road, Building 
H2000
Mossville, IL  61552-2000

Ph: 309 578-9096
Fax: 309 578-3653

cassim_abdul_h@cat.com
Voter

Abdul Cassim Caterpillar, Inc.

723 Electronic Drive
Horsham, PA  19044-2228

Ph: 215 706-5817
Fax: 215 706-5801

steven.herzog@degussa.com
Non-Voter

Steven N. Herzog RohMax USA, Inc.

1Send updates to: kleinc@api.org
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PC-10 New Category Development Team
October 21, 2005

Member

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

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

steven.kennedy@exxonmobil.com
Voter

Steve Kennedy ExxonMobil Research & Engineering
API/EMA DEOAP Co-Chair

143 Cady Center #226
Northville, MI  48167

Ph: 248 380-0625
Fax: 248 380-0287

rmkl@chevrontexaco.com
Voter

Richard M. Klein Chevron Oronite Company, LLC
ACC Representative

9300 Pulaski Highway
Baltimore, MD  21220

Ph: 410 682-9484
Fax:

mike.lynskey@bp.com
Non-Voter

Mike Lynskey Castrol Heavy Duty Lubricants

Engine Development Laboratory
13302 Pennsylvania Avenue
Hagerstown, MD  21742

Ph: 301 790-5817
Fax: 301 790-5815

greg.schank@volvo.com
Voter

Greg Shank Mack Trucks Inc.
API/EMA DEOAP Co-Chair

5034 Countess Drive
Columbus, IN  47203

Ph: 812 378-9825
Fax:

dmstehouwer@core.com
Voter

Dave Stehouwer Stehouwer Technical Services, Inc.
EMA Representative

1900 McKinley Avenue, MC 50183
Columbus, IN  47201

Ph: 812 377-3429
Fax: 812 377-7226

warren.a.totten@cummins.com
Non-Voter

Warren A. Totten Cummins Engine Company, Inc.
EMA Representative

2Send updates to: kleinc@api.org
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PC-10 New Category Development Team
October 21, 2005

Member

PO Box 1380
Houston, TX  77251-1380

Ph: 281 544-9227
Fax: 281 544-8150

matthew.urbanak@shell.com
Voter

Matthew Urbanak Shell Global Solutions (US) Inc.

1900 McKinley Avenue, MC 50183
Columbus, IN  47201

Ph: 812 377-2267
Fax:

jerry.c.wang@cummins.com
Non-Voter

Jerry C. Wang Cummins Engine Company, Inc.

Process and Lubricant Additives
540 White Plains Road
Tarrytown, NY  10591

Ph: 914 785-5515
Fax: 914 785-2868

michael.weismiller@cibasc.com
Non-Voter

Michael Weismiller Ciba Specialty Chemicals Corp.

29400 Lakeland Blvd.
Wickliffe, OH  44092

Ph: 440 347-1111
Fax: 440 944-8112

lawm@lubrizol.com
Voter

Lewis Williams Lubrizol Corporation, The

Legal Counsel

1220 L Street NW
Washington, DC  20005

Ph: 202 682-8089
Fax: 202 682-8033

morrisd@api.org
Non-Voter

Doug Morris Senior Attorney
American Petroleum Institute

Mailing List

Manesty Consultancy Limited
50 Towers Road North, Heswall
Wirral, CH60 6RS
,   
UNITED KINGDOM

Ph: 44 151 348 4084
Fax: 44 151 348 4084
batesterryw@aol.com

Non-Voter

Terry Bates ATIEL

3Send updates to: kleinc@api.org
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PC-10 New Category Development Team
October 21, 2005

Mailing List

12718 Cimarron Path
San Antonio, TX  78249

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

Non-Voter

Ron Buck Test Engineering Inc.

500 Spring Street
Richmond, VA  23218

Ph: 804 788-6282
Fax: 804 788-6244

tom.cousineau@aftonchemical.com
Non-Voter

Thomas J. Cousineau Afton Chemical Corporation

10400 West North Avenue
Melrose Park, IL  60160

Ph: 708 865-3788
Fax: 708 865-4229

heather.debaun@nav-international.com
Non-Voter

Heather DeBaun International Truck and Engine 
Corporation

San Antonio Test Group
4502 Centerview, Suite 210
San Antonio, TX  78228-1317

Ph: 210 731-5603
Fax: 210 731-5699

ffer@chevrontexaco.com
Non-Voter

Frank Fernandez Chevron Oronite Company LLC

PO Box 735
Linden, NJ  07036

Ph: 908 474-3099
Fax: 908 474-3363

pat.fetterman@infineum.com
Non-Voter

Pat Fetterman Infineum USA L.P.

5404 Bandera Road
San Antonio, TX  78238-1993

Ph: 210 523-4671
Fax: 210 523-4607

joe.franklin@perkinelmer.com
Non-Voter

Joe Franklin PerkinElmer Automotive Research

4Send updates to: kleinc@api.org
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PC-10 New Category Development Team
October 21, 2005

Mailing List

5404 Bandera Road
San Antonio, TX  78238-1993

Ph: 210 647-9459
Fax: 210 523-4607

john.glaser@perkinelmer.com
Non-Voter

John Glaser Director
PerkinElmer Automotive Research

100 Chevron Way
Richmond, CA  94802

Ph: 510 242-3027
Fax: 510 242-3173

wmkl@chevrontexaco.com
Non-Voter

William M. Kleiser Chevron Oronite Company LLC

Office of Transportation & Air Quality
2000 Traverwood Drive
Ann Arbor, MI  48105

Ph: 734 214-4937
Fax: 734 214-4055

laroo.chris@epa.gov
Non-Voter

Chris Laroo US Environmental Protection Agency

100 Chevron Way
Richmond, CA  94802-0627

Ph: 510 242-2268
Fax: 510 242-3758

jiam@chevron.com
Non-Voter

Jim A. McGeehan Chevron Corporation Energy 
Technology Company

2000 Town Center Drive, Suite 1750
Southfield, MI  48075

Ph:  248 350-0640
Fax:

dan.pridemore@aftonchemical.com
Non-Voter

Dan Pridemore Afton Chemical Corporation

Westhollow Technology Center
3333 Hwy. 6 South
Houston, TX  77082-3101

Ph: 281 544-8621
Fax:

gregory.raley@shell.com
Non-Voter

Greg T. Raley Shell Global Solutions (US) Inc.

5Send updates to: kleinc@api.org
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PC-10 New Category Development Team
October 21, 2005

Mailing List

6220 Culebra Road
San Antonio, TX  78238-5166

Ph: 210 522-5918
Fax: 210 523-6919

jwells@swri.edu
Non-Voter

Jim Wells Southwest Research Institute

API Staff

1220 L Street Nw
Rm 803
Washington, DC  20005

Ph: 202 682-8000
Fax: 202 962-4739

ferrick@api.org
Non-Voter

Kevin Ferrick American Petroleum Institute

1220 L Street NW
Washington, DC  20005

Ph: 203 894-8242
Fax:

dbsmith727@aol.com
Non-Voter

David B. Smith API

6Send updates to: kleinc@api.org
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PC-10 NCDT Conference Call

October 20, 2005

jim_m
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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
• There was no consensus within NCDT
• The issue was put to a vote, according to 

API 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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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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Mack T-12
Precision Matrix Final Dataset

Consensus Analyses

Statistics Edition, Version 3
October 20, 2005

Jim Rutherford
(510) 242-3410

jaru@chevron.com
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 2

Dataset

October 14, 2005 LTMS dataset specified by the T-12 Task Force
Containing 26 tests:
• 4 Pre-matrix tests with old rings run with matrix test 

procedure
• 3 Matrix tests with old rings
• 13 Matrix tests with new rings
• 6 Concurrent tests with new rings
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 3

Cylinder Outliers

Using 19 tests of 26 with new rings
Profiles applied for TRWL and CLW, not for BWLU
Repeated measures analyses:

BWLU TRWL CLW

Profile summaries:
Profiles Summary

Calculation procedures:

TRWL&CLWos Pbos
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 4

Modeling Summary

Significant Effects "Outliers" Significant Effects "Outliers" Significant Effects "Outliers"
DPBFNL natural log Oil 55713 55713 Oil 55713

DPB2FNL natural log 55713 55713 55713

CLW none Oil, Lab 55716
Oil, Lab, Marginal 

Stand(Lab) 56726 Oil & Lab 55937
TRWL none Rings
OCFNL natural log Marginal Rings 55729 Oil, Marginal Lab Oil & Lab

Mack Merit
BWLU none

IR250300 natural log 49991
Oil, Lab, Marginal 

Stand(Lab)  Oil & Marginal Lab 55715

Box-Cox Transformations
All data, Full Model New Rings, Full Model New Rings, Reduced Model

Compromising between all data (26 tests) with the full model (oil, lab, 
stand(lab), rings) and new rings data (19 tests) with rings deleted from the 
full model, the following transformations were used in the analyses.

BoxCox All data, Full model NewRingsFullModel NewRingsReduced
Model

NewRingsMeritMod
el

jim_m
Attachment 7; Page 4 of 12



October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 5

Modeling with new rings – significant effects

Oil CLWos 820-2 PC10B PC10E
820-2 19.1 <.0001 0.00

PC10B 12.5 <.000 0.16
PC10E 14.6 0.00 0.16

Pairwise Tukey P

Oil lnDIR250300 DIR250300 820-2 PC10B PC10E
820-2 4.673 107.0 0.04 0.03

PC10B 5.150 172.4 0.04 1.00
PC10E 5.154 173.1 0.03 1.00

Lab CLWos A B D F G
A 18.6 0.69 0.00 0.84 0.01
B 17.0 0.69 0.00 1.00 0.14
D 10.6 0.00 0.00 0.01 0.10
F 17.1 0.84 1.00 0.01 0.21
G 13.8 0.01 0.14 0.10 0.21

Oil lnOCFNL OCFNL 820-2 PC10B PC10E
820-2 4.204 66.9 0.12 0.01

PC10B 4.124 61.8 0.12 0.55
PC10E 4.083 59.3 0.01 0.55
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 6

Precision Analyses

*Ep=(LN(anchor+median/2)-LN(anchor-median/2))/ ((LN(anchor)+Spp/2)-(LN(anchor)-Spp/2))
**”Mad Survey Median” for Mack Merit estimated by informal survey in Mack T-12 Task 
Force meeting 10/11/05
*** “Mad Survey Median” for BWLUos estimated from equation relating lead and bearing 
weight loss applied to 4.5.

Spp Ep Spp Ep Anchor

ln(∆Pb0-300os)* 0.293 0.77 0.288 0.78 20 4.5
ln(∆Pb250-300)* 0.382 0.75 0.363 0.79 7 2

Cylinder Liner Wear os 2.0 2.00 1.7 2.35 20 4
Top Ring Weight Loss os 20.9 0.60 24.9 0.50 50 12.5

ln(Oil Consumption)* 0.108 1.08 0.061 1.91 60 7
Mack Merit** 208 0.96 200
BWLUos*** 43.7 1.76 36.4 2.12 77
ln(IR250300) 0.411  0.282

All Data, 
Full Model

New Rings, 
Reduced Model

MAD 
Survey 
Median
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 7

Targets?

Oil Variable Arithmetic 
Average LSMean Arithmetic 

Std Dev Model RMSE

820-2 2.946 2.925 0.259
PC10B 3.377 3.377 0.246
PC10E 3.246 3.259 0.289
820-2 2.019 2.002 0.364

PC10B 2.335 2.245 0.324
PC10E 2.268 2.251 0.448
820-2 18.1 19.1 3.7

PC10B 12.8 12.5 3.2
PC10E 15.1 14.6 3.4
820-2 52.4 54.6 21.4

PC10B 51.7 54.5 25.4
PC10E 65.9 66.4 27.9
820-2 4.216 4.204 0.090

PC10B 4.097 4.124 0.075
PC10E 4.072 4.083 0.054

TRWLos

lnOCFNL

0.288

0.363

1.7

24.9

0.061

lnDPb0300os

lnDPb2

CLWos
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 8

Correlations Among Pass Criteria (original)

Here are correlations using original data.

1.00000-0.29162
0.2257

0.21921
0.3672

-0.28004
0.2456

-0.29827
0.2148

lnOCFNL
lnOCFNL

-0.29162
0.2257

1.00000-0.18229
0.4551

-0.37883
0.1097

-0.25718
0.2878

TRWLos
TRWLos

0.21921
0.3672

-0.18229
0.4551

1.00000-0.00810
0.9738

-0.33022
0.1674

CLWos
CLWos

-0.28004
0.2456

-0.37883
0.1097

-0.00810
0.9738

1.000000.84433
<.0001

lnDPb2
lnDPb2

-0.29827
0.2148

-0.25718
0.2878

-0.33022
0.1674

0.84433
<.0001

1.00000lnDPb0300os
lnDPb0300os

lnOCFNLTRWLosCLWoslnDPb2lnDPb0300os

Pearson Correlation Coefficients, N = 19 
Prob > |r| under H0: Rho=0
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 9

Correlations Among Pass Criteria (residuals)

Here are correlations using residuals from final models for the new rings 
data.
The strong correlation between the Pb’s shows both places. This says for 
these oils, they tell us pretty much the same thing and they usually give 
the same relative indication of performance.

1.00000-0.24552
0.3110

0.13844
0.5719

0.01749
0.9433

0.01592
0.9484

residual_lnOCFNL

-0.24552
0.3110

1.00000-0.18915
0.4380

-0.31508
0.1889

-0.32789
0.1705

residual_TRWLos

0.13844
0.5719

-0.18915
0.4380

1.000000.17741
0.4675

0.15400
0.5290

residual_CLWos

0.01749
0.9433

-0.31508
0.1889

0.17741
0.4675

1.000000.91423
<.0001

residual_lnDPb2

0.01592
0.9484

-0.32789
0.1705

0.15400
0.5290

0.91423
<.0001

1.00000residual_lnDPb0300
os

residual_lnOCF
NL

residual_TRWL
os

residual_CLW
os

residual_lnDP
b2

residual_lnDPb0300
os

Pearson Correlation Coefficients, N = 19 
Prob > |r| under H0: Rho=0
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 10

Lead and Bearing Weight Loss
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 11

Lead 250 to 300 and DIR 250 to 300
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October 20, 2005 Mack T-12 Precision Matrix Final (Statistics 3) 12

Mack Merit

Testkey Oil Lab
Delta 
Pb 

0300

Delta PB 
250300

Cylinder Liner 
Wear

Top Ring Weight 
Loss

Oil 
Consumption

Calculated
Merit

Final 
Merit

55205 820-2  F 16 5 22 56 77 785 Fail
55213 820-2  G 25 11 18 30 76 959 959
55216 820-2  B 24 14 22 44 63 672 672
55217 820-2  A 12 6 22 42 64 1022 1022
55715 820-2  G 20 8 18 56 67 1019 1019
55722 820-2  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 PC10E  A 43 23 16 35 57 717 Fail
55718 PC10E  G 18 7 12 36 63 1326 1326
55725 PC10E  D 23 8 11 106 62 868 Fail
55937 PC10E  A 27 10 21 65 55 749 749
55940 PC10E  F 26 7 15 87 59 987 987
56726 PC10E  B 23 9 12 67 57 1099 1099
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11/10/2005 Design June 2002.pptMack T-12 Merit Rating 1

T12   Update

• Task Force Voted the T12 Ready for Inclusion in PC 10

• Voted PC 10E  the T12 Reference
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Mack T-12
Merit Rating

October 26, 2005

Oct 26, 2005
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11/10/2005 Mack T-12 Merit Rating 3

Version 3 Merit Parameters

Version 5 Merit Parameters with ABWLU Equivalents

Version 5 Merit Parameters

Criterion EOT Delta Pb 250-300 Hour Delta PB Cylinder Liner Wear Top Ring Weight Loss Oil Consumption

Weight 200 200 250 200 150

Maximum 36 16 24 87 77
Anchor 20 7 20 50 60

Minimum 4 -2 16 13 43

Criterion ABWLU 250-300 Hour Delta PB Cylinder Liner Wear Top Ring Weight Loss Oil Consumption

Weight 200 200 250 200 150

Maximum 270 13 23 100 77
Anchor 216 10 20 65 65

Minimum 114 0 12 30 45

Criterion EOT Delta Pb 250-300 Hour Delta PB Cylinder Liner Wear Top Ring Weight Loss Oil Consumption

Weight 200 200 250 200 150

Maximum 33 13 23 100 77
Anchor 25 10 20 65 65

Minimum 10 0 12 30 45
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11/10/2005 Mack T-12 Merit Rating 4

Version 3 Merit Calculations

55217 820-2 12 6 22 42 64 1022 1022
55216 820-2 24 14 22 44 63 672 672
55722 820-2 20 7 15 45 60 1275 1275
55723 820-2 16 5 12 101 66 1022 Fail
55205 820-2 16 5 22 56 77 785 Fail
55213 820-2 25 11 18 30 76 959 959
55715 820-2 20 8 18 56 67 1019 1019
56153 820-2 24 8 16 45 71 1084 1084
55712 PC10B 24 8 15 46 60 1194 1194
55935 PC10B 22 9 15 96 53 993 Fail
55728 PC10B 34 12 15 44 62 980 980
56010 PC10B 30 8 8 31 61 1193 1193
56562 PC10B 40 17 11 41 65 783 Fail
55713 PC10E 43 23 17 35 57 682 Fail
55937 PC10E 27 10 21 65 55 749 749
56726 PC10E 23 9 14 67 57 1099 1099
55725 PC10E 23 8 11 106 62 868 Fail
55940 PC10E 26 7 15 87 59 987 987
55718 PC10E 18 7 13 36 63 1326 1326
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11/10/2005 Mack T-12 Merit Rating 5

55217 820-2 12 6 22 42 64 1248 1248
55216 820-2 24 14 22 44 63 709 Fail
55722 820-2 20 7 15 45 60 1435 1435
55723 820-2 16 5 12 101 66 1257 Fail
55205 820-2 16 5 22 56 77 952 Fail
55213 820-2 25 11 18 30 76 1069 1069
55715 820-2 20 8 18 56 67 1201 1201
56153 820-2 24 8 16 45 71 1206 1206
55712 PC10B 24 8 15 46 60 1350 1350
55935 PC10B 22 9 15 96 53 1133 1133
55728 PC10B 34 12 15 44 62 937 Fail
56010 PC10B 30 8 8 31 61 1386 1386
56562 PC10B 40 17 11 41 65 546 Fail
55713 PC10E 43 23 17 35 57 25 Fail
55937 PC10E 27 10 21 65 55 943 943
56726 PC10E 23 9 14 67 57 1288 1288
55725 PC10E 23 8 11 106 62 1103 Fail
55940 PC10E 26 7 15 87 59 1109 1109
55718 PC10E 18 7 13 36 63 1552 1552

Version 5 Merit Calculations
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11/10/2005 Mack T-12 Merit Rating 6

55217 820-2 136 6 22 42 64 1231 1231
55216 820-2 253 14 22 44 63 559 Fail
55722 820-2 173 7 15 45 60 1452 1452
55723 820-2 194 5 12 101 66 1175 Fail
55205 820-2 153 5 22 56 77 956 Fail
55213 820-2 241 11 18 30 76 976 976
55715 820-2 222 8 18 56 67 1112 1112
56153 820-2 202 8 16 45 71 1219 1219
55712 PC10B 211 8 15 46 60 1346 1346
55935 PC10B 200 9 15 96 53 1124 1124
55728 PC10B 265 12 15 44 62 981 981
56010 PC10B 250 8 8 31 61 1385 1385
56562 PC10B 244 17 11 41 65 817 Fail
55713 PC10E 242 23 17 35 57 380 Fail
55937 PC10E 188 10 21 65 55 1048 1048
56726 PC10E 219 9 14 67 57 1250 1250
55725 PC10E 199 8 11 106 62 1111 Fail
55940 PC10E 272 7 15 87 59 925 Fail
55718 PC10E 169 7 13 36 63 1552 1552

Version 5 Merit Calculations with ABWLU Equivalents
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Mack T-12 Merit Rating 7

T12  PC10 Merit  Limits

Criterion EOT Delta Pb 250-300 Hour Delta PB Cylinder Liner Wear Top Ring Weight Loss Oil Consumption

Weight 200 200 250 200 150

Maximum 33 13 23 100 77
Anchor 25 10 20 65 65

Minimum 10 0 12 30 45

FTIR  Peak  EOT    30 max                  
200-300 hr.Delta     10 max.

Considering
1000  Merit  Min.
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11/10/2005 Design June 2002.pptMack T-12 Merit Rating 8

• Move Proposed Limits to Exit Ballot
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ISB Matrix Analysis 1

Cummins ISB 
Mostly Official
Matrix Analysis

October 26, 2005
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ISB Matrix Analysis 2

Analysis Summary

• 17 Valid Tests Analyzed
– 15 Matrix Tests, 2 Reference Tests
– Tappet Wear, Camshaft Wear, Crosshead Wear 

• E178 (95% CI) 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
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ISB Matrix Analysis 3

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
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ISB Matrix Analysis 4

Concerns

• 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 Ideal Situation.
• Reference Frequency Given Engine, Stand and 

Lab Differences
– Very Large Stand Effects for Tappet Wear
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ISB Matrix Analysis 5

Precision Summary

6.3063
Ep=2.38

5.0833
Ep=2.95

5.0833
Ep=2.95

Torque Adjstd
Cam Wear (um)

0.5221
Ep=1.44

0.3817
Ep=1.96

0.3817
Ep=1.96

XHead Wear 
(mg) Soot Adj

7.1512
Ep=2.10

7.1512
Ep=2.10

4.7021
Ep=3.19

Camshaft Wear 
(um)

16.9092
Ep=0.89

16.8574
Ep=0.89

8.1645
Ep=1.84

Tappet Wear 
(mg) Soot Adj

Reproducibility s
(Between Lab)

Reproducibility s
(Btween Stand)

Repeatability s
(Within Stand)
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ISB Matrix Analysis 6

Target Summary

LS Mean = 33.94
Mean = 33.0695

S = 6.0193

LS Mean = 42.29
Mean = 42.2984

S = 4.7694

LS Mean = 40.86
Mean =40.86
S = 6.8895

Torque Adjstd
Cam Wear (um)

LS Mean = 1.940
Mean = 2.0000

S = 0.4743

LS Mean = 2.057
Mean = 2.0667

S = 0.4367

LS Mean = 2.072
Mean = 2.0833

S = 0.5345

XHead Wear 
(mg) Soot Adj

LS Mean = 36.86
Mean = 34.14

S = 5.0093

LS Mean = 44.85
Mean = 41.9833

S = 5.6722

LS Mean = 40.20
Mean =40.2667

S = 9.2058

Camshaft Wear 
(um)

LS Mean = 67.54
Mean = 57.86

S = 9.4796

LS Mean = 93.47
Mean = 88.6833

S = 15.8176

LS Mean = 88.23
Mean = 85.8167

S = 16.1416

Tappet Wear 
(mg) Soot Adj

PC10EPC10BOil 830-2
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ISB Matrix Analysis 7

Correlation Summary

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

Between Oil and Within Oil Correlations

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
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ISB Matrix Analysis 8

Average Tappet Weight Loss

• ATWL = f(Lab, Stand(Lab), Oil, Avg Soot)
– Oil Discrimination (Overall p-value=0.005)

• PC10E Lower than Other Oils
– 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)
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ISB Matrix Analysis 9

Tukey Adjusted p-Values

0.0050.01PC10E

0.0050.61PC10B

0.010.61Oil 830-2

LS Mean = 67.54
StdErr = 4.794

LS Mean = 93.47
StdErr = 3.710

LS Mean = 88.23
StdErr = 3.766

Tappet Wear 
(mg) Soot Adj

PC10EPC10BOil 830-2
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ISB Matrix Analysis 10

OS Tappet Weight Loss as a Function of Oil and Soot
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112
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Average Soot

O
S 

A
TW
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PC10E
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ISB Matrix Analysis 11

OS Tappet Weight Loss as a Function of Stage B Average Torque
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ISB Matrix Analysis 12

OS Tappet Weight Loss as a Function of Oil and Lab
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ISB Matrix Analysis 13

OS Tappet Weight Loss as a Function of Stand and Oil
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ISB Matrix Analysis 14

OS Soot Adjusted Tappet Weight Loss as a Function of Stand and Oil
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ISB Matrix Analysis 15

Average Camshaft Wear

• ACSW = f(Lab, Stand(Lab), Oil)
– 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
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ISB Matrix Analysis 16

Tukey Adjusted p-Values

0.070.54PC10E

0.070.33PC10B

0.540.33Oil 830-2

LS Mean = 36.86
StdErr = 2.473

LS Mean = 44.85
StdErr = 2.137

LS Mean = 40.2
StdErr = 2.137

Camshaft Wear 
(um)

PC10EPC10BOil 830-2
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ISB Matrix Analysis 17

OS Average Camshaft Wear as a Function of Oil and Soot
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ISB Matrix Analysis 18

OS Average Camshaft Wear as a Function of Stage B Average Torque
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ISB Matrix Analysis 19

OS Average Camshaft Wear as a Function of Oil and Lab
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ISB Matrix Analysis 20

OS Average Camshaft Wear as a Function of Stand and Oil
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ISB Matrix Analysis 21

Average Camshaft Wear

• ACSW = f(Lab, Oil, Stage B Avg Torque)
– Some Evidence of Oil Discrimination (p=0.06)

• PC10B versus PC10E (p=0.06) 
– Some Evidence of Lab Differences (p=0.06)

• Lab B Higher than Other Labs
– Torque Correction

• Slope=0.26629 (Correct Back to 800)
• SA ACSW = ACSW – 0.26629*(Torque – 800)
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ISB Matrix Analysis 22

Tukey Adjusted p-Values

0.060.12PC10E

0.060.88PC10B

0.120.88Oil 830-2

LS Mean = 33.94
StdErr = 2.409

LS Mean = 42.29
StdErr = 2.077

LS Mean = 40.86
StdErr = 2.082

Camshaft Wear 
(um)

PC10EPC10BOil 830-2
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ISB Matrix Analysis 23

OS Torque Adjusted Average Camshaft Wear as a Function of Oil and Lab
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ISB Matrix Analysis 24

OS Torque Adjusted Average Camshaft Wear as a Function of Stand and Oil
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ISB Matrix Analysis 25

Average Crosshead Mass Loss

• ACWL = f(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)
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ISB Matrix Analysis 26

Tukey Adjusted p-Values

0.890.85PC10E

0.890.99PC10B

0.850.99Oil 830-2

LS Mean = 1.944
StdErr = 0.1803

LS Mean = 2.057
StdErr = 0.1564

LS Mean = 2.072
StdErr = 0.1559

XHead Wear 
(mg) Soot Adj

PC10EPC10BOil 830-2
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ISB Matrix Analysis 27

OS Average Crosshead Mass Loss as a Function of Oil and Soot
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ISB Matrix Analysis 28

OS Average Crosshead Mass Loss as a Function of Stage B Average Torque
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ISB Matrix Analysis 29

OS Average Crosshead Mass Loss as a Function of Oil and Lab
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ISB Matrix Analysis 30

OS Average Crosshead Mass Loss as a Function of Stand and Oil

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

0 1 2 3 4 5 6

Stand

O
S 

A
CW

L 
(m

g)

Oil 830
PC10B
PC10E

Lab A

Lab G

Lab B

jim_m
Attachment 9; Page 30 of 30



ISB Camshaft and Tappet TestISB Camshaft and Tappet Test
for Lubricant Evaluationfor Lubricant Evaluation

Warren Totten
October 25, 2005
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Historic Field ProblemHistoric Field Problem

• ISB 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 oil test was needed to 

protect engines in the field
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ISB Test Overview ISB Test Overview 

• 2004 EPA Compliant engine rated at 300 HP and 600 ft-lbs 
lbf-ft torque
• The engine is run through a series of warm-up cycles to 
flush the engine oil with reference or candidate oil
• Stage I 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 II 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 TestingDiscrimination Testing
ISB Cam Cycle Test Data
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Discrimination Testing Discrimination Testing 
Analysis for WearAnalysis for Wear

• 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 Discrimination Testing 
Cam Wear ComparisonCam Wear Comparison

Data
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Discrimination Testing Discrimination Testing 
Tappet Wear ComparisonTappet Wear Comparison
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Precision SummaryPrecision Summary
ISB Matrix Data 10/27ISB Matrix Data 10/27

6.3063
Ep=2.38

5.0833
Ep=2.95

5.0833
Ep=2.95

Torque Adjstd
Cam Wear (um)

0.5221
Ep=1.44

0.3817
Ep=1.96

0.3817
Ep=1.96

XHead Wear 
(mg) Soot Adj

7.1512
Ep=2.10

7.1512
Ep=2.10

4.7021
Ep=3.19

Camshaft Wear 
(um)

16.9092
Ep=0.89

16.8574
Ep=0.89

8.1645
Ep=1.84

Tappet Wear 
(mg) Soot Adj

Reproducibility s
(Between Lab)

Reproducibility s
(Btween Stand)

Repeatability s
(Within Stand)
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Target SummaryTarget Summary
ISB Matrix Data 10/27ISB Matrix Data 10/27

LS Mean = 33.94
Mean = 33.0695

S = 6.0193

LS Mean = 42.29
Mean = 42.2984

S = 4.7694

LS Mean = 40.86
Mean =40.86

S = 6.8895

Torque Adjstd
Cam Wear (um)

LS Mean = 1.940
Mean = 2.0000

S = 0.4743

LS Mean = 2.057
Mean = 2.0667

S = 0.4367

LS Mean = 2.072
Mean = 2.0833

S = 0.5345

XHead Wear 
(mg) Soot Adj

LS Mean = 36.86
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LS Mean = 44.85
Mean = 41.9833

S = 5.6722

LS Mean = 40.20
Mean =40.2667

S = 9.2058

Camshaft Wear 
(um)

LS Mean = 67.54
Mean = 57.86

S = 9.4796

LS Mean = 93.47
Mean = 88.6833

S = 15.8176

LS Mean = 88.23
Mean = 85.8167

S = 16.1416

Tappet Wear 
(mg) Soot Adj

PC10EPC10BOil 830-2
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Proposed Limit Proposed Limit 
Tappet Weight LossTappet Weight Loss

• Based upon matrix data the tappet weight loss limit is 
75 mg
• 95% CI for the mean of the parameter is 65 – 86 mg
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Cam Wear IssuesCam Wear Issues

• Cummins uses a visual inspection scale to 
rate cam distress

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

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

• To set limits we need to relate Mitutyo to the 
service rating
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Cam Rating DataCam Rating Data
ADCOLE ADCOLE vsvs MitutoyoMitutoyo -- AverageAverage

y = 0.5795x
R2 = 0.8685
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Proposed Limit Proposed Limit 
Average Cam Lobe WearAverage 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 µm   
ADCOLE rating or a 30 µm Mitutoyo
• 95% CI for the parameter is 44 – 66 ADCOLE or 25 –
38 Mitutoyo
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Average Cummins Rating vs Average Lobe Wear by ADCOLE

y = 8.7119x + 1.5635
R2 = 0.9837
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Cam Rating IssuesCam 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
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Proposed Limit Proposed Limit 
Viscosity Increase ControlViscosity Increase Control

• Stay in grade requirement at the 100 hour soot 
window (3.25% +/- .25%)
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Summary of limitsSummary of limits

• Tappet wear limit
– Target limit 75 mg weight loss

• Cam wear limit
– Target limit 30 µm wear by Mitutoyo snap gauge

• Viscosity limit
– Target limit “stay in grade” at the 100 hour soot 

window 3.25% +/- 0.25%
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Summary of limitsSummary of limits

• Tappet wear limit
– Target limit 75 mg weight loss

• Cam wear limit
– Target limit 30 µm 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

jim_m
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Slide 1 of 13

CONFIDENTIAL Oct 27, 2005

Caterpillar C13 
Matrix Data Analysis

• Discussed at meeting on October 20th, 2005
• Participants: Jim Rutherford, Elisa Santos, 
• Phil Scinto and John Zalar
• Participants in part: Jeff Clark and Todd Dvorak

“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.”
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CONFIDENTIAL Oct 27, 2005
Summary (1)

• 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: Lab A & Lab G
– TGF: Lab A & Lab F ; Lab A & Lab G

jim_m
Attachment 11; Page 2 of 13



Slide 3 of 13

CONFIDENTIAL Oct 27, 2005
Summary (2)

• 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 Oils 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 p is greater than 1 for TLC and TLHC
• ~ 0.85 for TGC
• ~ 0.65 for Delta OC and TGF
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CONFIDENTIAL Oct 27, 2005
Base Oil Effect Summary

from the BOI presentation (10/21/05)

NoGroup III=Higher TGCA & BTGC

NANONEA & BTGF

YesGroup III=Higher TLHCBTLHC

NoHigher Sats/BOVI=Higher TLHCATLHC

YesGroup III=Higher TLCBTLC

NoHigher Sats/BOVI=Higher TLCATLC

YesGroup III=Higher UWDA & BUWD

Group IIIHigher Sats/BOVI=Higher OCBOC

NoHigher Sats/BOVI=Lower OCAOC

Statistically 
Significant?

Base Oil Effect ObservedTechnologyParameter
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CONFIDENTIAL Oct 27, 2005Parameter versus 
Tech/Base Oil Combination
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CONFIDENTIAL Oct 27, 2005

Precision
• Desirable values for E p are greater than 1

– E p is greater than 1 for TLC and TLHC

MAD survey indicates the maximum acceptable difference between 
two test results on the same formulation

1.15941.311543.453.05scrnd TLHC

1.05881.11944.54.254.02scrnd TLC

0.64660.62334.56.967.22OTGF

0.87110.854755.745.85OTGC

8.58.15OUWD

0.65980.69234.56.826.5Delta OC

32 tests24 testsParameter

E p2E p1Median of MAD surveyPrecision based on the model
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CONFIDENTIAL Oct 27, 2005

Delta OC versus Base Oil
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CONFIDENTIAL Oct 27, 2005

OTGC versus Base Oil
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CONFIDENTIAL Oct 27, 2005
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CONFIDENTIAL Oct 27, 2005
C13 SP Discussion of PC10

1. C13 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 
investigations are on-going, concentrating on Torque, 
Oil external (Pressure, weights and cooling) system. 
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CONFIDENTIAL Oct 27, 2005
C13 Pass/Fail Criteria

Caterpillar Piston Deposit Test Requirements

1. No scuffed Pistons, Rings, Liners – Non-interpretable

2. No Hot stuck Rings

3. No loss of Oil Consumption Control 

4. No unacceptable Piston Deposits:
a) TLC
b) TGC
c) TBD (2nd ring and groove deposits)
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CONFIDENTIAL Oct 27, 2005
C13 Move Forward Plan/ Test Readiness

Identify 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
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CONFIDENTIAL Oct 27, 2005
C13 Test  Limit Status
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ACC Position on C13 Timing

October 27, 2005
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C13 Assumptions

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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C13 Assumptions – Best Case

36 passes required if full BOI/VGRA 
guidelines are granted

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

Seven to twelve months to 
complete

jim_m
Attachment 12; Page 3 of 7



C13 Assumptions – Mid Case

73 passes required if only C13 BOI 
guidelines are granted

Full BOI guidelines in place by 1/1/2006
No VGRA guidelines are granted for the 
C13

Fifteen to twenty-four months 
to complete
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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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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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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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ISM Exit Ballot ResponseISM Exit Ballot Response

David Stehouwer
October 27, 2005
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89To accept the Cummins ISM limits for PC-10 and to move forward 
with an “Exit Criteria Ballot.”

NegativeAffirmativeMotion

Proposed PC-10 Parameters

9.5155403.5Minimum
9.03012655.0Anchor
8.94020906.0Maximum
150250250100250Weight

Sludge

Adjusting 
Screw 
Weight 
Loss

Oil Filter 
Delta P

Top Ring 
Weight 
Loss

Crosshead 
Weight 
LossCriterion

Exit BallotExit Ballot
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Ballot ResponseBallot 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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Ballot ResponseBallot Response

• 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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