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The meeting was called to order at 8:35 AM Central Time by Nathan Moles.   
 
Agenda  
 
The Agenda is the included as Attachment 1.   
 
1.0 Roll Call  

The Attendance list is Attachment 2 for 05.24 and Attachment 3 for 05.25.   
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2.0 Approval of minutes 

2.1     Approval of the minutes of the 05.17.2016 meeting.  

ftp://ftp.astmtmc.cmu.edu/docs/gas/sequencevi/minutes/VIMinutes201600517ConferenceCall.pdf 
   
MOTION: Approve the minutes from the 05.17.2016 conference call. 
. 
[Nathan Moles, Dan Worcester, second] Minutes were approved unanimously.  
 
3.0 Action Item Review 

 
3.1     OHT to provide update on current VIE inventory and service engine order. –OHT 

There are 11 -001 and 144 -002 engines. SwRI has indicated they can only order 12 more 
from this total of 155.  
 

ACTION: OHT will have a conference call to discuss options on the remaining engines. 

3.2 Update of VID engine inventory and expected depletion date of VID engines. 
-Expected depletion of VID engines 2016 Q3  There are no new VID engines. Expected 
end of VID testing would be October 2016. 

 
4.0 Old Business 

4.1 8:55-9:10 Update from task force, to investigate alternative test procedure 
Sequence “VIF” that would improve 0W-16. – Dan 
Worcester/Satoshi Hirano SwRI and IAR will complete the VIF 
Matrix in mid-June. There will be a meeting with the Surveillance 
Panel in July to work on moving forward. See Attachment 4 and 
Attachment 5 for updated test results for the VIF Matrix. Work will 
need to begin on a separate VIF test procedure.  Oil 1011 does not 
show a shift with engine hours. 

4.2 9:10-9:15 Update from task force to investigate option to use short blocks 
to supplement engine inventory. –Adrian Alfonso/Bill Buscher 
The kits are being finalized.  

4.3 9:15-9:45 Data validity discussion –Rich G. and Dan W.  The test validity items 
were reviewed. See Attachment 6 for validity comments. 

4.4  List of items to be reviewed after the Precision Matrix  -All This 
will be an on-going effort. 

4.4.1 9:45-10:30 Preliminary Analysis on Oil Discrimination over Engine Life (Stat 
Group Addendum presentation) See Attachment 7 for the initial 
analysis for the meeting. There was concern that the initial test on an 
engine after break in shows a different response than later in the 
engine life.  This may indicate more break in or a different break in 
method would affect response early in engine life. The FEI 2 
response shifts after 1000 hours of engine life. BL After has a wider 
range than the VID, and engine 128 showed a much greater BL After 

ftp://ftp.astmtmc.cmu.edu/docs/gas/sequencevi/minutes/VIMinutes201600517ConferenceCall.pdf


shift while completing the matrix. SwRI tore down engine 128 and 
found a burned valve on #2 cylinder. The last two tests in the 
Precision Matrix were invalidated. See Attachment 8 where all data 
from engine 128 and all engines with greater than 1000 test hours 
were removed for analysis. This would move to 4 runs plus break in 
for each engine. One option considered was to have the 5th run be on 
reference oil 1010-1 to get more tests on an engine [out to 1200 
hours]. 
MOTION:  Remove all data for SwRI engine 128 and use only the 
first 4 runs on each engine, for 29 data points for Precision Matrix 
analysis. 
Rich Grundza, Andy Ritchie second. 11 yes, 1 waive, 1 no. The 
motion passed. 

4.4.2 10:45-11:30 Finalize engine hours correction transformation Two versions were 
presented: a modified Ln version similar to the VID and a linear 
version with an “Ice Hockey Stick” that would flatten the correction 
above a selected number of test hours. The reduced data set shows 
oil separation and a sigma of 0.12 for FEI 2. With the decision to get 
4 runs per engine, the hockey stick was no longer required. These 
are the engine hour equations presented: 
FEI1 Adj= 0.000518*(EngHr–675) 
FEI2 Adj= 0.000381*(EngHr–675) 

4.4.3 11:30-Noon Test precision discussion 
4.4.4 1-2 Number of RO tests to establish the new engine for LTMS? 

Reference Period?  
 MOTION:  Move forward with 4 full length tests per engine 
pending additional data on a reference oil on the 5th test on each 
engine. The group will decide a test plan for 5th run testing. 
Angela Willis, Nathan Moles second. 12 yes, 1 waive. The motion 
passed. 
                                                                                                                                                                          

4.4.5 2-3 Other Items NOT listed??? 
4.4.6 3:15-3:30 Discussion of using FEI 2 and FEI Sum for references to match 

candidate pass/fail criteria. The consensus was to stay with the 
current VID type reference oil pass criteria of FEI 1 and FEI 2. 

4.4.7 3:30-4 Discussion of evaluating 80/20 ratio of BL before to after for FEI 1 
and 10/90 for FEI 2. Consider evaluating FEI 1 vs 100% BLB2 (or 3) 
and evaluating FEI 2 vs 100% BLA. The consensus was to continue 
with the existing weighting. 

4.4.8 4-4:30 Discussion of changing BLB1 to BLB2 delta acceptable limits. Add 
BLA shift limits?  The consensus was to stay with the existing limits 
of -0.2 to 0.4. 

4.4.9 4:30-5 Should the acceptance bands value of 1.96 be rounded up? Due to 
the rounding on FEI 1 and 2 the actual pass limit is 1.91 and 1.92.  
This will be an on-going effort due to the reduced number of 
reference runs on a new engines. 

DAY 2  ******************************************************************** 
4.4.10 8-9:15AM Review and Finalize LTMS Requirements  Discussion was on the 

number of references to run on a new engine.  



MOTION: Proceed to develop Sequence VIE LTMS requirements for 
one reference oil calibration test per engine. 
Dave Glaenzer, Andy Ritchie 2nd. 9 yes, 1 waive, 4 no. 
Discussion continued on how to track references on the engines. A 
dead band limit system was discussed. 

4.4.11 9:15-9:45AM Review impact of variable oil pressure of FEI (review prove out data 
to determine if it is stand or engine related) This will be an on-going 
effort. 

4.3.12 9:45-10:15AM Investigate what is needed to establish VID equivalent limits for VIE 
This will be an on-going effort. This will be an on-going effort. 

4.3.13 10:15-10:30AM Determine engine calibration status of matrix engines and date of 
calibration This will be an on-going effort. 
ACTION: There will be a Task Force to develop procedures for 
cleaning engines. Dan Worcester, Jerry Brys and Jason Bowden 
volunteered for this effort. Lubrizol will supply the presentation they 
did on cleaning and continued use of a VIE engine. 
MOTION: Every 5th run will be a donated reference oil test on oil 
1010-1 to gather data on running the engines out to 1200 hours. This 
motion passed unanimously. 

 
 

5.0 New Business 
 
5.1 Appendix K Template review –Todd Dvorak  This will be reviewed at a later meeting. 
 
5.2 VID test performance – Bob Campbell/Dave Glaenzer   See Attachment 9 for a review of VID 
tests run, pass rates, and FEI 1 early termination numbers. The pass rate has dropped to single 
digits. There is concern the test is out of control. Further data was supplied back to 2010. See 
Attachment 10. 

 
6.0 Next Meetings. 
 

To be determined. The meeting on 05.31 is cancelled. 
 
 
The meetings adjourned at 5:00 PM on Tuesday and 11:06 AM on Wednesday. 



Sequence VI Surveillance Panel Conference 
Call Agenda 

May 24 @ 8:30-5:00PM EST 
May 25 @ 8:00-12:00PM EST 

 
Call-in information is included below: 

 
Call-in Number:                866-528-2256 
Conference Code:            3744024 
WebEx:  
https://meetings.webex.com/collabs/meetings/join?uuid=M5N3FDHOYW6
LAICWAKTC7NKSVO-20XT 

 
1.0) Roll Call (8:30-8:40AM) 
 Do we have any membership changes or additions? 
  
2.0) Approval of minutes (8:40:8:45AM) 

 
2.1 Approve the minutes from the May 17, 2016 Sequence VI Surveillance 
Panel. 
 

3.0) Action Item Review (8:45-8:55AM) 
 
3.1 OHT to provide update on current VIE inventory and service engine 
order. –OHT 
 
3.2 Update of VID engine inventory and expected depletion date of VID 
engines. 
 -Expected depletion of VID engines 2016 Q3 
 

4.) Old Business 
 

4.1 8:55-9:10 Update from task force, to investigate alternative test 
procedure Sequence “VIF” that would improve 0W-16. 
– Dan Worcester/Satoshi Hirano  

4.2 9:10-9:15 Update from task force to investigate option to use 
short blocks to supplement engine inventory. –Adrian 
Alfonso/Bill Buscher 

4.3 9:15-9:45 Data validity discussion –Rich G. and Dan W. 
4.4  List of items to be reviewed after the Precision Matrix  

-All 

https://meetings.webex.com/collabs/meetings/join?uuid=M5N3FDHOYW6LAICWAKTC7NKSVO-20XT
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4.4.1 9:45-10:30 Preliminary Analysis on Oil Discrimination over Engine Life 
(Stat Group Addendum presentation) 

BREAK 10:30-10:45 ******************************************************************** 
4.4.2 10:45-11:30 Finalize engine hours correction transformation 
4.4.3 11:30-Noon Test precision discussion 

LUNCH Noon-1 ******************************************************************** 
4.4.4 1-2 Number of RO tests to establish the new engine for LTMS? 

Reference Period?                                                                                                                                                                            
4.4.5 2-3 Other Items NOT listed??? 

BREAK 3-3:15 ******************************************************************** 
4.4.6 3:15-3:30 Discussion of using FEI 2 and FEI Sum for references to 

match candidate pass/fail criteria.  
4.4.7 3:30-4 Discussion of evaluating 80/20 ratio of BL before to after for 

FEI 1 and 10/90 for FEI 2. Consider evaluating FEI 1 vs 
100% BLB2 (or 3) and evaluating FEI 2 vs 100% BLA. 

4.4.8 4-4:30 Discussion of changing BLB1 to BLB2 delta acceptable 
limits. Add BLA shift limits? 

4.4.9 4:30-5 Should the acceptance bands value of 1.96 be rounded up? 
Due to the rounding on FEI 1 and 2 the actual pass limit is 
1.91 and 1.92. 

DAY 2  ******************************************************************** 
4.4.10 8-9:15AM Review and Finalize LTMS Requirements 
4.4.11 9:15-9:45AM Review impact of variable oil pressure of FEI (review prove 

out data to determine if it is stand or engine related) 
4.3.12 9:45-10:15AM Investigate what is needed to establish VID equivalent 

limits for VIE 
4.3.13 10:15-

10:30AM 
Determine engine calibration status of matrix engines and 
date of calibration 

 
5.) New Business (10:30-Noon 5/25) 
 

5.1 Appendix K Template review –Todd Dvorak 
 
5.2 VID test performance – Bob Campbell/Dave Glaenzer 

 
6.) Next Meeting 
 

TBD 
 

7.) Meeting Adjourned 
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Ed Altman ed.altman@aftonchemical.com Afton  
Bob Campbell Bob.Campbell@aftonchemical.com Afton ATTEND 
Todd Dvorak todd.dvorak@aftonchemical.com Afton ATTEND 
Lisa Dingwell Lisa.dingwell@aftonchemical.com Afton ATTEND 

Greg Guinther greg.guinther@aftonchemical.com  Afton  
Terry Hoffman Terry.Hoffman@aftonchemical.com Afton  
Christian Porter Christian.porter@aftonchemical.com Afton  
Jeremy Styer Jeremy.styer@aftonchemical.com  Afton  
Amol Savant ACSavant@ashland.com Ashland ATTEND 
Tisha Joy Tisha.Joy@bp.com BP  
Don Smolenski donald.j.smolenski@gm.com Evonik  
Doyle Boese Doyle.boese@infineum.com 

Phone: (908) 474-3176 
Infineum ATTEND 

Gordon Farnsworth gordon.farnsworth@infineum.com Infineum  
Mike McMillan mmcmillan123@comcast.net  Infineum ATTEND 
Jordan Pastor Jordan.pastor@Infineum.com 

Phone: (313) 348-3120 
Infineum  

Mike Warholic Michael.warholic@Infineum.com 
Phone: 908.474.2065 

Infineum  

William Buscher william.buscher@intertek.com Intertek ATTEND 
Charlie Leverett charlie.leverett@intertek.com 

Phone:  (210) 647-9422 
Intertek  

Al Lopez Al.Lopez@intertek.com Intertek  
Addison Schweitzer addison.schweitzer@intertek.com Intertek  
Bob Olree olree@netzero.net  Intertek  
Andy Buczynsky andrew.buczynsky@gm.com GM  
Thomas Hickl thomas.hickl@de.gm.com GM  
Jeff Kettman Jeff.kettman@gm.com GM  
Jonas Leber jonas.leber@opel.com GM  
Bruce Matthews bruce.matthews@gm.com GM  
Mike Raney Michael.p.raney@gm.com 

Phone: (248) 408-5384 
GM ATTEND 

Angela Willis angela.p.willis@gm.com GM ATTEND 
Jerry Brys Jerome.brys@lubrizol.com Lubrizol ATTEND 
Jessica Buchanan Jessica.Buchanan@Lubrizol.com Lubrizol  
Joe Gleason Jog1@lubrizol.com Lubrizol  
Greg Miranda Greg.Miranda@lubrizol.com Lubrizol ATTEND 
Jim Matasic James.matasic@lubrizol.com Lubrizol ATTEND 

Kevin O’Malley Kevin.OMalley@lubrizol.com Lubrizol ATTEND 
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ASTM SEQUENCE VI  
Name Address Phone/Fax/Email Attendance 

 
    
Scott Rajala srajala@ILAcorp.com 

 
Idemitsu  

Chris Castanien chris.castanien@neste.com 
Phone: (440) 290-9766 

Neste  

Dwight Bowden dhbowden@ohtech.com OHT  
Matt Bowden mjbowden@ohtech.com OHT ATTEND 
Ricardo Affinito affinito@chevron.com 

Phone: (510) 242-4625 
Oronite  

Valerie Lieu ValerieLieu@chevron.com 
Phone: (510) 242-3717 

Oronite  

Jo Martinez jogm@chevron.com 
 

Oronite ATTEND 

Robert Stockwell rsto@chevron.com Oronite ATTEND 
Christine Eickstead christine.eickstead@swri.org SwRI  

Travis Kostan travis.kostan@swri.org SwRI ATTEND 

Patrick Lang Patrick.lang@swRI.org 
Phone: (210) 522-2820 

SwRI ATTEND 

Michael Lochte mlochte@swri.org SwRI  
Guy Stubbs Guy.Stubbs@swri.org SwRI  
Karen Haumann Karen.Haumann@shell.com Shell  
Scott Stap Scott.stap@tgdirect.com TG Direct  
Clayton Knight cknight@tei-net.com TEI  
Zack Bishop zbishop@tei-net.com 

Phone: (210) 877-0223 
TEI  

Jeff Clark jac@astmtmc.cmu.edu TMC  
Hirano Satoshi satoshi_hirano_aa@mail.toyota.co.jp Toyota  
Jim Linden lindenjim@jlindenconsulting.com 

Phone: (248) 321-5343 
Toyota ATTEND 

Mark Adams mark@tribologytesting.com Tribology Testing  
Tom Smith  Valvoline  
Hap Thompson Hapjthom@aol.com VIE Facilitator  
Chris Taylor Chris.taylor@vpracingfuels.com 

 
VP Racing Fuels  
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FEI 1 FEI 2 EOT hr FEI 1 FEI 2 EOT hr FEI 1 FEI 2 EOT hr FEI 1 FEI 2 EOT hr
543 1.75 2.33 369 1011 1.53 1.31 373 542-2 2.10 1.44 371 1011

1011 1.37 1.4 350
542-2 2.42 1.59 572 542-2 2.45 1.36 573 543 1.59 1.66 621 543 2.08 2.35 544

542-2 2.28 1.46 777 1011 1.65 0.90 773 543 1.68 1.74 820 1011 1.33 1.89 827

543 1.76 2.26 995 543 1.56 2.15 972 542-2 542-2 2.01 1.53 1023
542-2 1.76 1.03 1236

1011 1.70 1.69 1197 543 1.81 1.96 1264 1011 1.27 1.07 1505 542-2 1.78 1.33 1223

543 1.36 1.82 1397 1011 1.52 1.40 1462 543 1.55 1.50 1704 1011 1.63 1.57 1439

542-2 1.83 1.28 1596 542-2 1011 543

1011 542-2

Stage 1 Sense Check runs will be tested in 2 engines/2 labs
Stage 2 Sense Check runs will be tested in the other two engines/2labs

SEQUENCE VIF RESULTS WITH NO HOUR ADJUSTMENT

Invalid (EBP issue)

SW 1 (Lab A) SW2 (Lab A) IAR 1 (Lab G) IAR 2 (Lab G)

Invalid (BLB1/2 Shift)
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VIF – Preliminary Data Analysis Check of 

Oil Discrimination vs. Engine  Hrs
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Raw VIF FEI by Engine Hour

3

 Completed 22 of the 30 PM reference tests

 Curve fit of FEI1, FEI2, and FEISum vs. EngHr data shown below



Raw VIF FEI by Ln(EngineHour)

4

 Linear fit of the FEI1, FEI2, and FEISum data shown below



VIF Main Effects Model 

FEI 1 FEI 2

5

• Model Factors: EngHrEnd, Lab, Eng(Lab), IND
• Reference oil significant at the p = 0.05 threshold



VIF Main Effects Model

FEI 1 FEI 2

6

• Model Factors: Ln(EngHrEnd), Lab, Eng(Lab), IND 
• Reference oil significant at the p = 0.05 threshold



VIF Interaction Effects Model

FEI 1 FEI 2

7

• Model Factors: Ln(EngHr), Lab, Eng(Lab), IND, IND*Lab, IND*Ln(EngHr)

• All factors significant at the p = 0.10 threshold



VIF Interaction Model Predictions

8



VIF Preliminary Analysis Summary

9

 The reference oil factor appears to be significant - regardless 

of the modeling approach

 Preliminary review of the data suggests that there is a 

reference oil * engine hour age interaction effect

 Refence oil 1011 appears to have more of a constant effect for 

FEI1 and FEI2 with respect to EngHrEnd

 The significance of engine age, reference oil, lab, eng(Lab) 

effect will be determined – when precision matrix has been 

completed.  (8 more tests left in the VIF precision matrix)



From TMC: 
 
When a test is reported to the TMC, the flatfile data is screened for: 

1) Controlled parameters (Forms 16, 17, 18) with in limits specified (invalidation Criteria) 
2) Monitored parameters during aging within limits (no invalidation criteria) 
3) BLB1, 2 or 3 where applicable are within limits. 
4) Shutdowns and downtime limits not exceeded  
5) Data corrected for engine hours properly 
6) BLA is also screened to BLB limits, beyond BLbefore limits mostly on first engine reference. 
7) Coolant in – coolant out delta > 0 (looking for misplaced T/c’s) 

Bottom line, anything that has a plus or minus or is a validity criteria is checked by computer program 
and I also due a visual on most data. 
There are usually minimal to no excursions on average data for most tests on the non-validity 
parameters, and I believe that is the case with all these matrix tests. 
None had validity criteria exceeded and minimal deviations on the monitored parameters. 
 
From the VIE procedure: 
  
11.6.19 Diagnostic Review Procedures—To ensure test operational validity, conduct a 
critical review of the data at frequent intervals during the test.  
The final review after the test is completed is only partially effective in identifying 
problems since the indicated data cannot be cross examined by first hand 
observation.  
Early detection of instrumentation errors is essential and often the record for 
information parameters (dependent variables) indicate problem areas involving the 
primary control parameters.  
The following parameter response characteristics are significant: 
  
11.6.19.1 Stabilization trends. 
11.6.19.2 Air fuel ratio stability. 
11.6.19.3 Fuel flow stability. 
11.6.19.4 Intake manifold absolute pressure. 
11.6.19.5 Speed. 
11.6.19.6 Torque. 
11.6.19.7 Exhaust back pressure. 
11.6.19.8 Fuel rail temperature. 
  
13.3 Deviations from Test Operational Limits—Report all deviations from specified 
test operational limits. 
  
13.5 In the space provided, note the time, date, test hour, and duration of any 
shutdown or off-test condition.  
 
 



And from SwRI for a VID review equivalent: 
 
I have two Excel sheets, one where the actual test data is imported and compared, 
and I then compare those values to the printed report,  and one that looks at the test 
stand/engine [and has all data for all VID-E-F tests run at this lab]. 

1. How many tests on the calibration period and number of test hours [10 tests 
and max of 1750 hours]. 

2. BLB Delta – I have the operations program calculate and then compare that 
to the Excel for each test to ensure it is [-0.2 to +0.4]. I also have the 
operations program E stop in the candidate oil flush stage should it ever 
exceed those limits. 

3. I have a critical parameter sheet for each stage. Any parameter outside the 
limits will turn red. I also have that for secondary parameter values and 
make a note in the comments section. Please note so the question does not 
get asked, the few values below are examples from the Excel, not the full set 
reviewed for each test. 

 

 
4. I record shutdowns and calculate total downtime. The manual data logs say 

to call me with the 3rd test for VID and 4th test shutdown for VIE and VIF. 
5. I confirm and enter oil consumption. 
6. I verify operational stability. 
7. I verify C.V.% by stage. 

 

 



Statistics Group 
May 19, 2016 

Preliminary Analysis on Oil Discrimination 
over Engine Life 

(Addendum to the VIE PM Analysis) 
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Summary 

3 

 Significant change in FEI1 discrimination as engine ages 
but test still discriminates at end of engine hour tested 
(2400hrs) 

 Though change in FEI2 discrimination as engine ages is 
marginally significant, the test only discriminate up to 
approximately the 4th test or 1000 hours. 



Raw FEI by Ln Engine Hour 

4 
Raw data suggests diminishing oil differentiation towards higher engine hours.  
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Raw FEI by Ln Engine Hour 

5 
Raw data suggests diminishing oil differentiation towards higher engine hours.  

IND

 542-2

 1010-1

544

 542-2

 1010-1

544

Log[ENHREND]

5.5 6.0 6.5 7.0 7.5 8.0

0.5

1.0

1.5

2.0

2.5

3.0

0.5

1.0

1.5

2.0

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0



FEI Ln Adj by Engine Hour 
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Interaction Effects Models 
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Models indicate marginal to significant oil and engine hour interaction effect.  

FEI1                                                                       FEI2 



Impact of Engine Hour Adjustment 
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FEI1 EngHr LnEngHr 542-2 1010-1 544 542-2-544 #of Sd
350 5.9 2.96 2.16 1.35 1.61 8.94
550 6.3 2.65 1.97 1.28 1.37 7.61
750 6.6 2.44 1.85 1.24 1.21 6.70
950 6.9 2.28 1.75 1.20 1.08 6.01
1150 7.0 2.16 1.67 1.18 0.98 5.44
1350 7.2 2.05 1.61 1.15 0.90 4.97
1550 7.3 1.95 1.55 1.13 0.82 4.57
1750 7.5 1.87 1.50 1.12 0.76 4.21
1950 7.6 1.80 1.46 1.10 0.70 3.89
2150 7.7 1.73 1.42 1.09 0.65 3.61
2350 7.8 1.68 1.39 1.07 0.60 3.35

FEI2 EngHr LnEngHr 542-2 1010-1 544 544-1010-1 #of Sd
350 5.9 2.14 2.21 1.49 0.72 2.19
550 6.3 1.82 1.88 1.36 0.52 1.57
750 6.6 1.61 1.66 1.27 0.38 1.16
950 6.9 1.44 1.48 1.21 0.28 0.84
1150 7.0 1.31 1.35 1.16 0.19 0.58
1350 7.2 1.20 1.23 1.11 0.12 0.36
1550 7.3 1.10 1.13 1.07 0.06 0.17
1750 7.5 1.02 1.04 1.04 0.00 0.01
1950 7.6 0.94 0.96 1.01 -0.05 -0.14
2150 7.7 0.87 0.89 0.98 -0.09 -0.27
2350 7.8 0.81 0.83 0.96 -0.13 -0.39

Engine hour coefficients indicate diminishing oil differentiation towards higher engine hours.  



Interaction Model Predictions 
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• FEI1 oil means are significantly different over engine age but test still discriminates 
around 3 standard deviations around 2400 hours. 

• FEI2 oil means are marginally different over engine age but test discriminates around 
1 standard deviation only up to approximately the 4th run or 1000 hours in an engine. 
Beyond that, the test cannot discriminate FEI2. 



Models at > 1000 Hours 

10 Models confirm significant oil discrimination for FEI1 but not for FEI2 at > 1000 hours.  

FEI1                                                                       FEI2 



Conclusions and Recommendations 

11 

Conclusions: 
 Significant change in FEI1 discrimination as engine ages but test still 

discriminates at end of engine hour tested (2400hrs) 
 Though change in FEI2 discrimination as engine ages is marginally 

significant, the test only discriminate up to approximately the 4th test or 
1000 hours. 

Recommendations: 
 No 1010-1 oil was tested on the 5th run in the matrix. To determine 

engine life can be extended to 1200 hours (due to lack of FEI2 
discrimination), additional tests on 1010-1 on engines that only had 4 
runs are recommended. 

 An LTMS that uses one or two reference tests per engine is being 
explored. 



Appendix 
Ice Hockey Stick  Engine Hour Adjustment 

12 



Raw FEI by Engine Hour 

13 
Raw data suggests diminishing oil differentiation towards higher engine hours.  
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Raw FEI by Engine Hour 

14 
Raw data suggests diminishing oil differentiation towards higher engine hours.  
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FEI IHS Adj by Engine Hour 
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Interaction Effects Models 

16 

Models indicate marginal to significant oil and engine hour interaction effect.  

FEI1                                                                       FEI2 



Impact of Engine Hour Adjustment 

17 Engine hour coefficients indicate diminishing oil differentiation towards higher engine hours.  

FEI1 EngHr 542-2 1010-1 544 542-2-544 # of Sd
350 2.83 2.05 1.34 1.49 8.28
550 2.67 1.95 1.30 1.37 7.61
750 2.51 1.84 1.26 1.25 6.95
950 2.34 1.73 1.21 1.13 6.28
1150 2.18 1.63 1.17 1.01 5.62
1350 2.01 1.52 1.12 0.89 4.95
1550 1.85 1.41 1.08 0.77 4.29
1750 1.69 1.31 1.04 0.65 3.62
1950 1.52 1.20 0.99 0.53 2.96
2150 1.36 1.09 0.95 0.41 2.29
2350 1.20 0.99 0.90 0.29 1.62

FEI2 EngHr 542-2 1010-1 544 544-1010-1 #of Sd
350 1.98 2.07 1.46 0.61 1.86
550 1.83 1.91 1.38 0.53 1.59
750 1.67 1.74 1.30 0.44 1.32
950 1.51 1.57 1.23 0.35 1.05
1150 1.35 1.41 1.15 0.26 0.78
1350 1.20 1.24 1.07 0.17 0.51
1550 1.04 1.08 1.00 0.08 0.24
1750 0.88 0.91 0.92 -0.01 -0.03
1950 0.73 0.75 0.85 -0.10 -0.30
2150 0.57 0.58 0.77 -0.19 -0.57
2350 0.41 0.42 0.69 -0.28 -0.84



Interaction Model Predictions 

18 

• FEI1 oil means are significantly different over engine age but test still discriminates 
around 3 standard deviations up to approximately 1950 hours. Beyond that 
discrimination is only around 2 standard deviations. 

• FEI2 oil means are marginally different over engine age but test discriminates around 
1 standard deviation only up to approximately the 4th run or 1000 hours in an engine. 
Beyond that, the test cannot discriminate FEI2. 
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Models at > 1000 Hours 

19 Models confirm significant oil discrimination for FEI1 but not for FEI2 at > 1000 hours.  

FEI1                                                                       FEI2 



Industry Statistician Team

Date: 05-24-2016

VIE Precision Matrix Analysis
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Agenda

 Analyzing Reduced PM Data Set

 Data Set for Analysis

 FEI1 Analysis 

 FEI2 Analysis

 Reference Oil Standard Deviations
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Agenda

 Analyzing Reduced PM Data Set

 Data Set for Analysis

 FEI1 Analysis 

 FEI2 Analysis

 Reference Oil Standard Deviations
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Data Set for Analysis

5

 Data set includes the 

following:

 1st, 2nd, 3rd, and 4th

Run Test Run data, 

exclusively

 No engine 128 from 

Lab A (A1)

 N = 29



 Raw FEI1 plot of data for analysis:

6

Data Set for Analysis



 Raw FEI2 plot of data for analysis:

7

Data Set for Analysis



Agenda

 Analyzing Reduced PM Data Set

 Data Set for Analysis

 FEI1 Analysis

 FEI2 Analysis

 Reference Oil Standard Deviations
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 Overall ANOVA Summary of FEI1 data:

 Reference Oils are statistically Significant

 Linear EngHr Adj is marginally significant at the 0.05 threshold

 VIE PM Test Precision: 0.30 (contrast w/ VID PM test precision of 0.12) 

9

FEI1 Analysis



 Difference between reference oil LsMeans for FEI1:

 All oil contrasts are significantly different

 {544 < 1010-1 < 542-2}

10

RefOil VID FEI1 Target VID FEI2 Target

542 1.49 0.8

1010 1.34 1.1

FEI1 Analysis



 Difference between test Lab LSMeans for FEI1

 No significant difference between Labs

11

FEI1 Analysis



 LSMean difference between engines within the same Lab

 Contrasts: {C-29 vs. C-31}, {G-55 vs. G-60}

 Conclusion: No Significant1 difference between engines within a Lab

1Familywise error rate critical t of 2.45 selected for 2 contrasts 

12

FEI1 Analysis



 FEI1 EngHr Adjustment:

FEI1 Adj = 0.000518*(EngHr – 675)
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FEI1 Analysis



Agenda

 Analyzing Reduced PM Data Set

 FEI1 Analysis

 FEI2Analysis

 Reference Oil Standard Deviations
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 ANOVA Summary of FEI2 data

 EngHrs, Oil, and Lab factors are statistically Significant

 VIE PM Test Precision: 0.12 (contrast w/ VID PM test precision: 0.14) 
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FEI2 Analysis



 Difference between reference oil LSmeans for FEI2

 Significant Oil Contrasts: 544 < 1010-1 & 544 < 542-2
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FEI2 Analysis



 Difference between test Lab LSMeans for FEI2

 Significant difference between labs

 Lab A < B, F, G; Lab C < F; Lab D < F, 

17

FEI2 Analysis



 LSMeans difference between engines within the same Lab

 Contrasts: {C-29 vs. C-31}, {G-55 vs. G-60}

 Conclusion: 1Significant Difference between engines within Lab (G)

 Stand based LTMS system is appropriate given the data analysis

1Familywise error rate critical t of 2.45 selected for 2 contrasts 
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FEI2 Analysis



 FEI2 EngHr Adjustment:

FEI2 Adj = 0.000381*(EngHr – 675)
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FEI2 Analysis



Agenda

 Analyzing Reduced PM Data Set

 FEI1 Analysis

 FEI2 Analysis

 Reference Oil Standard Deviations
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 Listed below are the model based standard deviations by 

reference oil (Based on model fit residuals with factors EngHrEnd, 

Lab, Eng(Lab), and IND)

21

Reference Oil Standard Deviations



Appendix



 Summary of Lsmeans and standard deviations for FEI1 and 

FEI2

23

Appendix

FEI1 RMSE: 0.30 FEI2 RMSE = 0.12



®

VID Candidate Data 

2012 - Present



®

ACC MA data – 2010 to 2016

Sequence VID 0W-20 and 5W-20 Sequence VID 0W-30 and 5W-30
Six Month Registered Valid GF-5 Percent Registered Valid GF-5 Percent

Period Ending Tests Tests Pass Pass Tests Tests Pass Pass
April, 2010 100 79 17 17.0% 110 84 22 20.0%

October, 2010 76 59 15 19.7% 80 58 12 15.0%
April, 2011 80 58 12 15.0% 44 39 8 18.2%

October, 2011 25 17 7 28.0% 20 14 4 20.0%
April, 2012 36 28 10 27.8% 23 15 6 26.1%

October, 2012 26 20 3 11.5% 37 28 10 27.0%
April, 2013 12 9 2 16.7% 46 37 5 10.9%

October, 20213 29 24 2 6.9% 36 34 9 25.0%
April, 2014 31 27 3 9.7% 23 17 2 8.7%

October, 2014 27 19 6 22.2% 12 12 3 25.0%
April, 2015 28 23 4 14.3% 15 14 0 0.0%

October, 2015 50 23 3 6.0% 51 31 4 7.8%

April, 2016 60 36 1 1.7% 43 24 1 2.3%
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