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The meeting was called to order at 8:05 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.   
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2.0 Approval of minutes 

2.1     Approval of the minutes of the 07.12.2016 conference call.  

ftp://ftp.astmtmc.cmu.edu/docs/gas/sequencevi/minutes/VIMinutes201600712ConferenceCall.pdf 
   
MOTION: Approve the minutes from the 07.12.2016 conference call. 
 
Nathan Moles, Dan Worcester second. The motion was unanimous. 
 
3.0 Action Item Review 

3.1 OHT to provide update on current VIE inventory –OHT 
136 -002 version engines remain. 

3.2  Update of VID engine inventory and expected depletion date of VID engines. 
 -Expected depletion of VID engines 2016 Q3 

~70 test starts at independent labs remain 
IAR has about 25 tests remaining, SwRI has about 18 tests left. 

 
3.2 Send out acceptance limit spread sheet –Stats Group 

This is complete. 
 

3.3 What does Zi look like for VIE precision matrix vs 1st reference period for VIE –Rich 
Grundza See Attachment 3. This Excel will allow changes to see effects on reference pass 
rate and severity adjustment changes. There will be further review at the face to face. 

ACTION: All labs review the LTMS sheet and provide input for the meeting in San Antonio. 
 
3.5  Redo full analysis for VIE precision matrix for N=29 

Initial discussion was on engine life. There was discussion on a cap or severity adjust 
values should other tests show a high sigma result similar to engine 128. There is no fast 
start to generate those adjustments with a single reference on a stand. See Attachment 4 for 
engine life analysis. Labs might choose not to continue with an engine that fails the first 
reference if there are 4 or 5 runs per engine. Different review options were considered.  All 
3 indicated the 4-5 tests per engine. This will be a decision for the Surveillance Panel. 
More data on RO 1010-1 for runs 5, 6 and 7 not included from the Precision Matrix will 
help with this decision. The drop in P values indicates reducing the number of runs per 
engine. The consensus was to make engine life the same for the VIE and VIF testing. 
 

MOTION: Move forward with the VIF test allowing up to 4 full length tests with the 4th test starting 
with an engine hour of 900 or less. Y = 13, W = 1, N = 0. The motion passed. 
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4.0 Old Business 

4.1  Update on precision matrix analysis. –Stats Group   
Do we really need to run three RO tests to establish the new engine for LTMS?  
Discussion of reducing the new reference requirement to two oils, then a third oil run after 
a defined number of candidates.  
Discussion of using FEI 2 and FEI Sum for references to match candidate pass/fail criteria. 
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. 
-Discussion of changing BLB1 to BLB2 delta acceptable limits. 
-Determine engine calibration status of matrix engines and date of calibration 

-Review impact of variable oil pressure of FEI (review prove out data to determine if it is 
stand or engine related) 
-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. 
- Investigate what is needed to establish VID equivalent limits for VIE  
-Review and Finalize LTMS Requirements 
- Appendix K Template review –Todd Dvorak 
These are on-going issues. 
 
 

4.2  Update from task force, to investigate alternative test procedure Sequence “VIF” that 
would improve 0W-16. – Dan Worcester/Satoshi Hirano  The matrix is complete. The Stat 
Group has begun review and this will be discussed along with the VIE Precision Matrix at 
the next Face to Face meeting. 

  
4.3  Update from task force to investigate option to use short blocks to supplement engine 

inventory. –Adrian Alfonso/Bill Buscher GM will be able to supply more engines, but 
there are not enough right cylinder heads for the desired number of short blocks. All labs 
were asked to respond to the survey from TMC on the quantity of additional engine kits 
they would order. There are now about 950 requested. Rich will send an update before the 
next Build Task Force call on 07.21.2016. There are about 550 engines with both heads, so 
about 400 heads would need rebuild. Labs are to remove and save their cylinder heads for 
later rebuild. 

 
4.4  Update from task force, to investigate engine cleaning procedure. –Dan Worcester  

The matrix continues at SwRI. A second engine has been Ultra Sonic cleaned and 
additional measurements taken. IAR will also perform these measurements. Additional 
new engines available will lower the urgency for this method. 

 
5.0        New Business 

5.1 TBD 

6.0 Next Meetings. 
 



Upcoming schedule: 
• 7/26 – 7/28 (noon) face to face meeting at IAR 

 
 
The meetings adjourned at 10:13 AM. 



 
Sequence VI Surveillance Panel Conference 

Call Agenda 
July 19 @ 9:00-11:30AM EST 

 
Call-in information is included below: 

 
Call-in Number:                866-528-2256  
Conference Code:            3744024 
WebEx:      

https://meetings.webex.com/collabs/#/meetings/detail?uuid=MBQN8T94JBLW6FI3BR9
T19RZ3Q-20XT&rnd=343820.74569 

DO NOT USE WEB EX CALL IN NUMBER 
 

1.0) Roll Call  
 Do we have any membership changes or additions? 
  
2.0) Approval of minutes  

 
2.1 Approve the minutes from the July 12, 2016 Sequence VI Surveillance 
Panel. 
ftp://ftp.astmtmc.cmu.edu/docs/gas/sequencevi/minutes/VIMinutes201607
12ConferenceCallCorrected.pdf 
 

3.0) Action Item Review  
 
3.1 OHT to provide update on current VIE inventory –OHT 
 
3.2 Update of VID engine inventory and expected depletion date of VID 
engines. 
 -Expected depletion of VID engines 2016 Q3 

~70 test starts at independent labs remain 
 

3.3 Send out acceptance limit spread sheet –Stats Group 
 
3.4 What does Zi look like for VIE precision matrix vs 1st reference period 
for VIE –Rich Grundza 
 
3.5 Redo full analysis for VIE precision matrix for N=29 
 

 

https://meetings.webex.com/collabs/#/meetings/detail?uuid=MBQN8T94JBLW6FI3BR9T19RZ3Q-20XT&rnd=343820.74569
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4.) Old Business 
4.1 Update on precision matrix analysis. –Stats Group   

-Do we really need to run three RO tests to establish the new 
engine for LTMS?  
-Discussion of reducing the new reference requirement to two oils, 
then a third oil run after a defined number of candidates.  
-Discussion of using FEI 2 and FEI Sum for references to match 
candidate pass/fail criteria.  
-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. 
-Discussion of changing BLB1 to BLB2 delta acceptable limits. 
-Determine engine calibration status of matrix engines and date of 
calibration 
-Review impact of variable oil pressure of FEI (review prove out 
data to determine if it is stand or engine related) 
-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. 
- Investigate what is needed to establish VID equivalent limits 
for VIE  
-Review and Finalize LTMS Requirements 
-Update test procedure 
- Appendix K Template review –Todd Dvorak 
 

4.2 Update from task force, to investigate alternative test procedure 
Sequence “VIF” that would improve 0W-16. – Dan Worcester/Satoshi 
Hirano  
  
4.3 Update from task force to investigate option to use short blocks to 
supplement engine inventory. –Adrian Alfonso/Bill Buscher 
 
4.4 Update from task force, to investigate engine cleaning procedure. –
Dan Worcester 
 

5.) New Business 
 

5.1 TBD 
 

6.) Next Meeting 
 

Upcoming schedule: 
• 7/26 – 7/28 (noon) face to face meeting at IAR 

 
7.) Meeting Adjourned 



ASTM SEQUENCE VI  
Name Email/Phone Company Attend 

 
Adrian Alfonso 
Voting Member 

Phone:  (210) 838-0431 
adrian.alfonso@intertek.com  

Intertek ATTEND 

Jason Bowden 
Voting Member 

Phone:  (440) 354-7007 
jhbowden@ohtech.com 

OHT  
 

Timothy Caudill 
Voting Member 

Phone:  (606) 329-5708 
Tlcaudill@ashland.com 

Ashland  

Tim Cushing 
Voting Member 

Phone:  (248) 881-3518 
 timothy.cushing@gm.com 

General Motors ATTEND 

David Glaenzer 
Voting Member 

Phone:  (804) 788-5214 
Dave.Glaenzer@aftonchemical.com 

Afton  

Rich Grundza 
Voting Member 

Phone:  (412) 365-1034 
reg@astmtmc.cmu.edu 

TMC ATTEND 

Jeff Hsu 
Voting Member 

Phone:  (832) 419-3482 
j.hsu@shell.com 

Shell ATTEND 

Teri Kowalski 
Voting Member 

Phone: (734) 995-4032 
teri.kowalski@tema.toyota.com 

Toyota  ATTEND 

Dan Lanctot 
Voting Member 

Phone: (210) 690-1958 
dlanctot@tei-net.com 

TEI  

Brian Marks 
Voting Member 

Phone: (973) 686-3325 
 Brian.Marks@bp.com  

BP Castrol  

Nathan Moles 
Voting Member 

Phone:  (440) 347-4472 
Nathan.Moles@Lubrizol.com 

Lubrizol ATTEND 

Andy Ritchie 
Voting Member 

Phone:  (908) 474-2097 
Andrew.Ritchie@infineum.com 

Infineum ATTEND 

Ron Romano 
Voting Member 

Phone: (313) 845-4068 
rromano@ford.com 

Ford ATTEND 

Clifford Salvesen 
Voting Member 

Phone:  (856) 224-2954 
clifford.r.salvesen@exxonmobil.com 

ExxonMobil ATTEND 

Kaustav Sinha 
Voting Member 

Phone:  (713) 432-6642 
LFNQ@chevron.com 

Chevron Oronite ATTEND 

Haiying Tang  
Voting Member 

Phone: (248) 512-0593 
HT146@Chrysler.com 

Chrysler  

Dan Worcester  
Voting Member 

Phone:  (210) 522-2405   
dan.worcester@swri.org 

SwRI ATTEND 

 
 
 
 
 
 
 
 

mailto:adrian.alfonso@intertek.com
mailto:jhbowden@ohtech.com
mailto:Tlcaudill@ashland.com
mailto:timothy.cushing@gm.com
mailto:Dave.Glaenzer@aftonchemical.com
mailto:reg@astmtmc.cmu.edu
mailto:j.hsu@shell.com
mailto:teri.kowalski@tema.toyota.com
mailto:dlanctot@tei-net.com
mailto:Brian.Marks@bp.com
mailto:Nathan.Moles@Lubrizol.com
mailto:Andrew.Ritchie@infineum.com
mailto:rromano@ford.com
mailto:clifford.r.salvesen@exxonmobil.com
mailto:LFNQ@chevron.com
mailto:HT146@Chrysler.com
mailto:dan.worcester@swri.org


ASTM SEQUENCE VI  
Name Email/Phone Company Attend 

 
 
Ed Altman ed.altman@aftonchemical.com Afton  
Bob Campbell Bob.Campbell@aftonchemical.com Afton ATTEND 
Lisa Dingwell Lisa.Dingwell@AftonChemical.com Afton ATTEND 
Todd Dvorak todd.dvorak@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  
Katerina Pecinovsky Katerina.Pecinovsky@AftonChemical.com Afton ATTEND 
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 ATTEND 
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 ATTEND 

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  
Mike Raney Michael.p.raney@gm.com 

Phone: (248) 408-5384 
GM  

Angela Willis angela.p.willis@gm.com GM  
Jerry Brys Jerome.brys@lubrizol.com 

Phone: (440) 347.2631 
Lubrizol ATTEND 

Jessica Buchanan Jessica.Buchanan@Lubrizol.com Lubrizol  
Joe Gleason Jog1@lubrizol.com Lubrizol  
James Matasik James.Matasic@lubrizol.com Lubrizol ATTEND 
Greg Miranda Greg.Miranda@lubrizol.com 

Phone: (440) 347.8516 
Lubrizol ATTEND 

mailto:ed.altman@aftonchemical.com
mailto:Bob.Campbell@aftonchemical.com
mailto:Lisa.Dingwell@AftonChemical.com
mailto:todd.dvorak@aftonchemical.com
mailto:greg.guinther@aftonchemical.com
mailto:Terry.Hoffman@aftonchemical.com
mailto:Christian.porter@aftonchemical.com
mailto:Katerina.Pecinovsky@AftonChemical.com
mailto:Jeremy.styer@aftonchemical.com
mailto:ACSavant@ashland.com
mailto:Tisha.Joy@bp.com
mailto:donald.j.smolenski@gm.com
mailto:Doyle.boese@infineum.com
mailto:gordon.farnsworth@infineum.com
mailto:mmcmillan123@comcast.net
mailto:Jordan.pastor@Infineum.com
mailto:Michael.warholic@Infineum.com
mailto:william.buscher@intertek.com
mailto:charlie.leverett@intertek.com
mailto:Al.Lopez@intertek.com
mailto:addison.schweitzer@intertek.com
mailto:olree@netzero.net
mailto:andrew.buczynsky@gm.com
mailto:thomas.hickl@de.gm.com
mailto:Jeff.kettman@gm.com
mailto:jonas.leber@opel.com
mailto:Michael.p.raney@gm.com
mailto:angela.p.willis@gm.com
mailto:Jerome.brys@lubrizol.com
mailto:Jessica.Buchanan@Lubrizol.com
mailto:Jog1@lubrizol.com
mailto:James.Matasic@lubrizol.com
mailto:Greg.Miranda@lubrizol.com


ASTM SEQUENCE VI  
Name Email/Phone Company Attend 

 
Kevin O’Malley Kevin.OMalley@lubrizol.com 

Phone: (440) 347.4141 
Lubrizol  

Scott Rajala srajala@ILAcorp.com Idemitsu  
Dave Passmore dpassmore@imtsind.com IMTS  
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  

Ian Elliot IanElliott@chevron.com Oronite  
Jo Martinez jogm@chevron.com Oronite ATTEND 
Robert Stockwell rsto@chevron.com Oronite ATTEND 
Christine Eickstead christine.eickstead@swri.org SwRI ATTEND 

Travis Kostan travis.kostan@swri.org SwRI ATTEND 

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

SwRI  

Michael Lochte mlochte@swri.org SwRI  
Guy Stubbs Guy.Stubbs@swri.org SwRI ATTEND 
Karen Haumann Karen.Haumann@shell.com Shell  
Scott Stap Scott.stap@tgdirect.com TG Direct ATTEND 
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 VIx Facilitator ATTEND 
Chris Taylor Chris.taylor@vpracingfuels.com 

 
VP Racing 
Fuels 
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Obs TESTKEY LTMSLAB ENGNO ENRUN ENHREND IND FEI1 FEI1_OR FEI2 FEI2_OR

113244-VIE                             A   128 1 374 544 1.07 1.07 0.49 0.49
113247-VIE                             A   128 2 579 544 1.44 1.44 1.47 1.47
111451-VIE                             A   128 3 779 542-2 2.32 2.32 1.41 1.41
110726-VIE                             A   128 4 1003 1010-1 1.57 1.57 1.43 1.43

1 110588-VIE D 11 1 370 542-2 2.77 2.77 1.7 1.7
9 113293-VIE D 11 2 571 542-2 2.53 2.53 1.74 1.74
18 113292-VIE D 11 3 772 544 1.48 1.48 1.24 1.24
26 110589-VIE D 11 4 973 1010-1 1.83 1.83 1.68 1.68
11 113300-VIE C 31 2 570 1010-1 2.18 2.18 1.82 1.82
2 116040-VIE C 29 1 358 544 1.81 1.81 1.53 1.53
10 113301-VIE C 29 2 575 1010-1 2.49 2.49 1.69 1.69
19 114421-VIE C 29 3 794 542-2 2.31 2.31 1.3 1.3
27 114422-VIE C 29 4 1005 542-2 1.97 1.97 1.27 1.27
3 113224-VIE G 55 1 363 544 1.36 1.36 1.83 1.83
12 105704-VIE G 55 2 561 542-2 2.93 2.93 2.16 2.16
20 108989-VIE G 55 3 758 1010-1 1.95 1.95 2.12 2.12
28 113234-VIE G 55 4 956 1010-1 1.71 1.71 2 2
4 105705-VIE G 60 1 390 542-2 2.34 2.34 1.7 1.7
13 113235-VIE G 60 2 602 1010-1 1.67 1.67 1.51 1.51
21 113236-VIE G 60 3 803 1010-1 1.59 1.59 1.49 1.49
29 113225-VIE G 60 4 1002 544 1.1 1.1 1.04 1.04
5 110587-VIE A 103 1 374 1010-1 1.6 1.6 1.74 1.74
14 110725-VIE A 103 2 574 1010-1 1.84 1.84 1.59 1.59
22 111176-VIE A 103 3 776 542-2 2.46 2.46 1.48 1.48
30 113243-VIE A 103 4 978 544 1.24 1.24 1.11 1.11
6 110003-VIE B 123 1 399 542-2 3 3 1.86 1.86
15 113258-VIE B 123 2 597 544 1.48 1.48 1.64 1.64
23 110595-VIE B 123 3 794 1010-1 1.77 1.77 1.99 1.99
31 113259-VIE B 123 4 992 544 1.04 1.04 1.38 1.38
8 113223-VIE F 136 1 364 1010-1 2.12 2.12 2.14 2.14



17 113220-VIE F 136 2 569 544 0.84 0.84 1.51 1.51
25 113221-VIE F 136 3 768 544 1.04 1.04 1.64 1.64
33 113222-VIE F 136 4 968 542-2 2.86 2.86 2.13 2.13



Targets FEI1
1010-1 1.90
542-2 2.56
544 1.30

R
Weight

SA Yi Cap
AL1
AL2
AL3

FEISUM CHART FEI1 Adj FEI2 Adj Run FEI1-Yi Yi Cumalative Avg
1.56  N 0.91 0.38 1 -1.48 -1.48
2.91  N 1.39 1.43 2 0.35 -0.57
3.73  N 2.37 1.45 3 -0.60 -0.58

3  N 1.74 1.55 4 -0.59 -0.58
4.47 N 2.61 1.58 1 0.17 0.17
4.27 N 2.48 1.70 2 -0.27 -0.05
2.72 N 1.53 1.28 3 0.89 0.26
3.51 N 1.98 1.79 4 0.31 0.27

4 N 2.13 1.78 2 0.84 0.84
3.34 N 1.65 1.41 1 1.33 1.33
4.18 N 2.44 1.65 2 1.99 1.66
3.61 N 2.37 1.35 3 -0.61 0.91
3.24 N 2.14 1.40 4 -1.35 0.34
3.19 N 1.20 1.71 1 -0.39 -0.39
5.09 N 2.87 2.12 2 1.00 0.31
4.07 N 1.99 2.15 3 0.34 0.32
3.71 N 1.86 2.11 4 -0.16 0.20
4.04 N 2.19 1.59 1 -1.19 -1.19
3.18 N 1.63 1.48 2 -0.99 -1.09
3.08 N 1.66 1.54 3 -0.90 -1.03
2.14 N 1.27 1.16 4 -0.12 -0.80
3.34 N 1.44 1.63 1 -1.69 -1.69
3.43 N 1.79 1.55 2 -0.42 -1.05
3.94 N 2.51 1.52 3 -0.15 -0.75
2.35 N 1.40 1.23 4 0.37 -0.47
4.86 N 2.86 1.75 1 0.96 0.96
3.12 N 1.44 1.61 2 0.54 0.75
3.76 N 1.83 2.04 3 -0.25 0.41
2.42 N 1.20 1.50 4 -0.37 0.22
4.26 N 1.96 2.02 1 0.22 0.22

(Engine Hour Adj FEI)



2.35 N 0.79 1.47 2 -1.98 -0.88
2.68 N 1.09 1.68 3 -0.81 -0.86
4.71 N 3.01 2.24 4 1.46 -0.28



FEI1 FEI2
Raw Stdev Pooled s FEI2 Raw Stdev

0.27 0.28 1.82 0.25
0.31 1.73 0.30
0.26 1.41 0.20

FEI1 FEI2
1.08 0.47 Optional Values for R: 1.08 for FEI1 & 0.47 for FEI2 to        
0.50 0.50 Weight value applied to Yi result for SA calculation wh      
NA NA Cap for calculating SA when calibrating with one refe             

1.60 1.60 Yi Limit for first test reference acceptance
2.00 2.00 Limit for comparing the difference between Y1 and Y2                
2.60 2.60 Average Yi limit to determine acceptance of second o   

FEI1 SA Add'l Ref Req'd? FEI2-Yi Yi Cumalative Avg FEI2 SA
-5.17 -5.17
0.12 -2.53
-0.93 -2.00

0.16 -1.06 -1.76 0.44
-0.02 -0.49 -0.49 0.06

-0.10 -0.29
-0.67 -0.42

-0.08 -0.11 -0.34 0.08
-0.12 -0.16 -0.16 0.02
-0.19 0.00 0.00 0.00

-0.67 -0.34
-1.28 -0.65

-0.10 -1.11 -0.77 0.19
0.05 1.51 1.51 -0.19

1.29 1.40
1.33 1.37

-0.06 1.15 1.32 -0.33
0.17 -0.46 -0.46 0.06

-1.35 -0.91
-1.12 -0.98

0.22 -1.23 -1.04 0.26
Run Add'l Ref -0.78 -0.78

0.29 -1.07 -0.93 0.23
-0.71 -0.85

0.13 -0.92 -0.87 0.22
-0.13 0.08 0.08 -0.01

1.00 0.54
0.86 0.65

-0.06 0.45 0.60 -0.15
-0.03 0.81 0.81 -0.10

Input Limits for LTMS - Option 1



0.30 0.55
1.33 0.81

0.08 1.71 1.03 -0.26



Pooled s
0.25

           o account for differences in repeatability and reproducibility s
         hen calibrating with one reference attempt.

        rence only: FEI1 SA Max = NA and FEI2 SA Max = NA

        2 or Y3 and the average of Y1 and Y2  for a second or third reference
        r third reference

Add'l Ref Req'd?
Acceptable 
Reference? FEI1 AC? FEI2 AC?

Run Add'l Ref 0 1 0
Run Add'l Ref 0 1 0

Abandon Engine 0 1 0
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
0 0 0
0 0 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
0 0 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1



0 0 1
1 1 1
0 0 1

25 28 29
76% 85% 88%







Obs TESTKEY LTMSLAB ENGNO ENRUN ENHREND IND FEI1 FEI1_OR FEI2 FEI2_OR

113244-VIE                             A   128 1 374 544 1.07 1.07 0.49 0.49
113247-VIE                             A   128 2 579 544 1.44 1.44 1.47 1.47
111451-VIE                             A   128 3 779 542-2 2.32 2.32 1.41 1.41
110726-VIE                             A   128 4 1003 1010-1 1.57 1.57 1.43 1.43

1 110588-VIE D 11 1 370 542-2 2.77 2.77 1.7 1.7
9 113293-VIE D 11 2 571 542-2 2.53 2.53 1.74 1.74
18 113292-VIE D 11 3 772 544 1.48 1.48 1.24 1.24
26 110589-VIE D 11 4 973 1010-1 1.83 1.83 1.68 1.68
11 113300-VIE C 31 2 570 1010-1 2.18 2.18 1.82 1.82
2 116040-VIE C 29 1 358 544 1.81 1.81 1.53 1.53
10 113301-VIE C 29 2 575 1010-1 2.49 2.49 1.69 1.69
19 114421-VIE C 29 3 794 542-2 2.31 2.31 1.3 1.3
27 114422-VIE C 29 4 1005 542-2 1.97 1.97 1.27 1.27
3 113224-VIE G 55 1 363 544 1.36 1.36 1.83 1.83
12 105704-VIE G 55 2 561 542-2 2.93 2.93 2.16 2.16
20 108989-VIE G 55 3 758 1010-1 1.95 1.95 2.12 2.12
28 113234-VIE G 55 4 956 1010-1 1.71 1.71 2 2
4 105705-VIE G 60 1 390 542-2 2.34 2.34 1.7 1.7
13 113235-VIE G 60 2 602 1010-1 1.67 1.67 1.51 1.51
21 113236-VIE G 60 3 803 1010-1 1.59 1.59 1.49 1.49
29 113225-VIE G 60 4 1002 544 1.1 1.1 1.04 1.04
5 110587-VIE A 103 1 374 1010-1 1.6 1.6 1.74 1.74
14 110725-VIE A 103 2 574 1010-1 1.84 1.84 1.59 1.59
22 111176-VIE A 103 3 776 542-2 2.46 2.46 1.48 1.48
30 113243-VIE A 103 4 978 544 1.24 1.24 1.11 1.11
6 110003-VIE B 123 1 399 542-2 3 3 1.86 1.86
15 113258-VIE B 123 2 597 544 1.48 1.48 1.64 1.64
23 110595-VIE B 123 3 794 1010-1 1.77 1.77 1.99 1.99
31 113259-VIE B 123 4 992 544 1.04 1.04 1.38 1.38
8 113223-VIE F 136 1 364 1010-1 2.12 2.12 2.14 2.14



17 113220-VIE F 136 2 569 544 0.84 0.84 1.51 1.51
25 113221-VIE F 136 3 768 544 1.04 1.04 1.64 1.64
33 113222-VIE F 136 4 968 542-2 2.86 2.86 2.13 2.13



Targets FEI1
1010-1 1.90
542-2 2.56
544 1.30

R
Weight

AL1 (Cap)
AL2

AL2.1
AL3

FEISUM CHART FEI1 Adj FEI2 Adj Run FEI1-Yi Yi Cumalative Avg
1.56  N 0.91 0.38 1 -1.48 -1.48
2.91  N 1.39 1.43 2 0.35 -0.57
3.73  N 2.37 1.45 3 -0.60 -0.58

3  N 1.74 1.55 4 -0.59 -0.58
4.47 N 2.61 1.58 1 0.17 0.17
4.27 N 2.48 1.70 2 -0.27 -0.05
2.72 N 1.53 1.28 3 0.89 0.26
3.51 N 1.98 1.79 4 0.31 0.27

4 N 2.13 1.78 2 0.84 0.84
3.34 N 1.65 1.41 1 1.33 1.33
4.18 N 2.44 1.65 2 1.99 1.66
3.61 N 2.37 1.35 3 -0.61 0.91
3.24 N 2.14 1.40 4 -1.35 0.34
3.19 N 1.20 1.71 1 -0.39 -0.39
5.09 N 2.87 2.12 2 1.00 0.31
4.07 N 1.99 2.15 3 0.34 0.32
3.71 N 1.86 2.11 4 -0.16 0.20
4.04 N 2.19 1.59 1 -1.19 -1.19
3.18 N 1.63 1.48 2 -0.99 -1.09
3.08 N 1.66 1.54 3 -0.90 -1.03
2.14 N 1.27 1.16 4 -0.12 -0.80
3.34 N 1.44 1.63 1 -1.69 -1.69
3.43 N 1.79 1.55 2 -0.42 -1.05
3.94 N 2.51 1.52 3 -0.15 -0.75
2.35 N 1.40 1.23 4 0.37 -0.47
4.86 N 2.86 1.75 1 0.96 0.96
3.12 N 1.44 1.61 2 0.54 0.75
3.76 N 1.83 2.04 3 -0.25 0.41
2.42 N 1.20 1.50 4 -0.37 0.22
4.26 N 1.96 2.02 1 0.22 0.22

(Engine Hour Adj FEI)



2.35 N 0.79 1.47 2 -1.98 -0.88
2.68 N 1.09 1.68 3 -0.81 -0.86
4.71 N 3.01 2.24 4 1.46 -0.28



FEI1 FEI2
Raw Stdev Pooled s FEI2 Raw Stdev

0.27 0.28 1.82 0.25
0.31 1.73 0.30
0.26 1.41 0.20

FEI1 FEI2
1.00 1.00 Optional Values for R: 1.08 for FEI1 & 0.47 for FEI2 to a        
1.00 1.00 Weight value applied to Yi result for SA calculation wh      
1.60 1.60 Cap for calculating SA when calibrating with one refere                   
2.00 2.00 Yi Limit for first test reference acceptance
2.00 2.00 Limit for comparing the difference between Y1 and Y2                      
2.00 2.00 Average Yi limit to determine acceptance of second or  

FEI1 SA Add'l Ref Req'd? FEI2-Yi Yi Cumalative Avg FEI2 SA
-5.17 -5.17
0.12 -2.53

0.16 -0.93 -2.00 0.50
0.16 -1.06 -1.76 0.44
-0.05 -0.49 -0.49 0.12

-0.10 -0.29
-0.67 -0.42

-0.08 -0.11 -0.34 0.08
-0.23 -0.16 -0.16 0.04
-0.37 0.00 0.00 0.00

-0.67 -0.34
-1.28 -0.65

-0.10 -1.11 -0.77 0.19
0.11 1.51 1.51 -0.38

1.29 1.40
1.33 1.37

-0.06 1.15 1.32 -0.33
0.33 -0.46 -0.46 0.12

-1.35 -0.91
-1.12 -0.98

0.22 -1.23 -1.04 0.26
0.45 -0.78 -0.78 0.19

-1.07 -0.93
-0.71 -0.85

0.13 -0.92 -0.87 0.22
-0.27 0.08 0.08 -0.02

1.00 0.54
0.86 0.65

-0.06 0.45 0.60 -0.15
-0.06 0.81 0.81 -0.20

Input Limits for LTMS - Option 2



0.30 0.55
1.33 0.81

0.08 1.71 1.03 -0.26



Pooled s
0.25

            account for differences in repeatability and reproducibility s
         en calibrating with one reference attempt.

        ence only: FEI1 SA Max = 0.45 at 1.6 limit and FEI2 SA Max = 0.4 at 1.6 limit

         or Y3 and the average of Y1 and Y2  for a second or third reference (can be the same as AL2)
         third reference

Add'l Ref Req'd?
Acceptable 
Reference? FEI1 AC? FEI2 AC?

Run Add'l Ref 0 1 0
Run Add'l Ref 0 1 0

1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
0 0 1
0 0 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1



0 0 1
1 1 1
0 0 1

27 29 31
82% 88% 94%
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Executive Summary 
 Statistical analyses based on the 28 valid VIF matrix tests indicate that the 

effect of engine hours in FEI1 is not the same for all oils tested. This 
complicates the estimation of an engine hours correction that is applicable 
to all oils 

 

 The panel may find that this rapid decrease in oil separation as engine hours 
increases requires limiting the VIF engine life 

 

 Multiple statistical approaches have been taken to aid in the determination 
of engine life 

 

 Based on the results of these various approaches, which follow similar logic 
used in the VIE engine life determination, a VIF engine life of 4 to 5 tests is 
reasonable 
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VIE Engine Life (No A128, n=42) 

Based on FEI1 Oil Discrimination 
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Assess Engine Life Based on Oil Discrimination 

 FEI1 oil discrimination over the engine life 
 542-2 > 1010-1 > 544 for the entire engine life 
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Plot shows raw results 
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Assess Engine Life Based on Oil Discrimination 
 Overall ANOVA Summary of FEI1 data: 
 Analysis indicates that there is a marginally significant difference in the 

slopes of the engine hour effect for the different oils in FEI1. 
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Assess Engine Life Based on Oil Discrimination 
 FEI1 oil discrimination over the engine life 

 Using the prediction model we can obtain estimates for when oil discrimination is lost 
within each stand.  

 These estimates can be used to gauge VIE engine life based on FEI1 

7 

Example: Using G 55 
Notice how the 95% confidence interval for 542-2 begins 
to overlap the 95% confidence interval for 1010-1 at 
around ENHREND = 1450 and 1010-1 overlaps 544 at 
around ENHREND = 1750.   

Lab-Engine 

Predicted Hours at which 542-2 
no longer discriminates from 

1010-1 

Predicted Hours at which 
1010-1 no longer 

discriminates from 544 
G 55 ≈1450 ≈1750 
B 123 ≈1400 ≈1750 

Refer to Appendix A for 
plots of other stands 
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Assess Engine Life Based on Oil Discrimination 
 FEI1 oil discrimination over the engine life 

 Another approach to determine VIF engine life would be to track the p-value of the 
oil*ENHREND term using various subsets of the valid matrix data.  This significance 
of this term represents the point at which the same engine hour correction should no 
longer be used for all oils. 
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Data used 
Number of 
test results 

Overall p-value of 
oil*ENHREND term 

Range of p-values by oil of 
oil*ENHREND term 

ENHREND < 1100 29 .8069 .5351 to .9319 
ENHREND < 1300 31 .9058 .7027 to .9504 
ENHREND < 1450 33 .6579 .4080 to .8596 
ENHREND < 1600 35 .4029 .3288 to .9134 
ENHREND < 1800 37 .3681 .1769 to .6636 
ENHREND < 2050 39 .2135 .0882 to .4016 

All Valid Tests 42 .1084 .0565 to .6754 
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VIE Engine Life (No A128, n=42) 

Based on FEI2 Oil Discrimination 
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Assess Engine Life Based on Oil Discrimination 

 FEI2 oil discrimination over the engine life 
 Oil discrimination varies over the engine life 

10 

Plot shows raw results 

No 1010-1 results from 
ENHREND= 956 to 
ENHREND = 1799 
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Assess Engine Life Based on Oil Discrimination 
 Overall ANOVA Summary of FEI2 data: 
 Analysis indicates that there is not a significant difference in the slopes 

of the engine hour effect for the different oils in FEI2. 
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Assess Engine Life Based on Oil Discrimination 
 FEI2 oil discrimination over the engine life 

 Using the prediction model we can obtain estimates for when oil discrimination is lost 
within each stand.  

 These estimates can be used to gauge VIE engine life based on FEI2 
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Example: Using G 55 
Notice how the 95% confidence interval for 1010-
1 begins to overlap the 95% confidence interval for 
544 at around ENHREND = 1675. Lab-Engine 

Predicted Hours at which 
1010-1 no longer 

discriminates from 544 

G 55 ≈1675 

B 123 ≈1675 

Refer to Appendix A for 
plots of other stands 
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Assess Engine Life Based on Oil Discrimination 
 FEI2 oil discrimination over the engine life 

 Another approach to determine VIF engine life would be to track the p-value of the 
oil*ENHREND term using various subsets of the valid matrix data.  This significance 
of this term represents the point at which the same engine hour correction should no 
longer be used for all oils. 
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Data used 
Number of 
test results 

Overall p-value of 
oil*ENHREND term 

Range of p-values by oil of 
oil*ENHREND term 

ENHREND < 1100 29 .6932 .3995 to .7362 
ENHREND < 1300 31 .2907 .1457 to .9725 
ENHREND < 1450 33 .0963 .0530 to .5405 
ENHREND < 1604 35 .0321 .0105 to .4557 
ENHREND < 1800 37 .8998 .6722 to .9264 
ENHREND < 2050 39 .8556 .5836 to .7673 

All Valid Tests 42 .6871 .3910 to .7399 
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VIF Engine Life (n=28) 

Based on FEI1 Oil Discrimination 
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Assess Engine Life Based on Oil Discrimination 

 FEI1 oil discrimination over the engine life 
 Less oil discrimination occurs at higher hours 

15 

Plot shows raw results 
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Assess Engine Life Based on Oil Discrimination 
 Overall ANOVA Summary of FEI1 data: 
 Analysis indicates that the engine hours effect in FEI1 is not consistent 

across the oils tested 
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Assess Engine Life Based on Oil Discrimination 
 FEI1 oil discrimination over the engine life 
 Using the prediction model we can obtain estimates for when oil 

discrimination is lost within each stand.  
 These estimates can be used to gauge VIF engine life 
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Example: Using A 122 
Notice how the 95% confidence interval for 542-2 
begins to overlap the 95% confidence interval for 
543 at around ENHREND = 1200 and overlaps 
1011 at around ENHREND = 1600 Lab-Engine 

Predicted Hours at which 
542-2 no longer 

discriminates from all 
other oils 

Predicted Hours at which 
542-2 no longer 

discriminates from any 
other oil 

A 144 ≈ 1300 ≈ 1650 
A 122 ≈ 1200 ≈ 1600 
G 58 ≈ 1300 ≈ 1700 
G 96 ≈ 1150 ≈ 1600 

Refer to Appendix A for 
plots of other stands 
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Assess Engine Life Based on Oil Discrimination 
 FEI1 oil discrimination over the engine life 

 Another approach to determine VIF engine life would be to track the p-value of the 
oil*ENHREND term using various subsets of the valid matrix data.  This significance 
of this term represents the point at which the same engine hour correction should no 
longer be used for all oils. 
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Data used 
Number of 
test results 

Overall p-value of 
oil*ENHREND term 

Range of p-values by oil of 
oil*ENHREND term 

ENHREND < 1100 14 .8321 .5872 to .9833 
ENHREND < 1300 17 .2591 .1489 to .8258 
ENHREND < 1450 19 .0648 .0228 to .2633 
ENHREND < 1600 22 .0402 .0163 to .3575 
ENHREND < 1800 25 .0392 .0147 to .8215 

All Valid Tests 28 .0333 .0125 to .6322 

Presenter
Presentation Notes
Updated



VIF Engine Life (n=28) 

Based on FEI2 Oil Discrimination 
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Assess Engine Life Based on Oil Discrimination 

 FEI2 oil discrimination over the engine life 
 543 discrimination from 542-2 and 1011 is consistent throughout the 

engine life 
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Plot shows raw results 
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Assess Engine Life Based on Oil Discrimination 
 Overall ANOVA Summary of FEI2 data: 
 Analysis indicates that the engine hours effect in FEI2 is consistent 

across the oils tested 
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Assess Engine Life Based on Oil Discrimination 
 FEI2 oil discrimination over the engine life 

 Using the prediction model we can obtain estimates for when oil discrimination is lost 
within each stand.  

 These estimates can be used to gauge VIF engine life based on FEI2 
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Example: Using A 122 
Notice how the 95% confidence interval for 543 begins to overlap 
the 95% confidence interval for 1011 at around ENHREND = 
1700 and overlaps 542-2 at around ENHREND = 1900.  This loss 
of discrimination at higher hours is mostly driven by a lack of data 
at these hours. 

Lab-Engine 

Predicted Hours at which 
543 no longer discriminates 

from all other oils 

Predicted Hours at which 
543 no longer discriminates 

from any oil 
A 144 ≈ 1750 ≈ 1900 
A 122 ≈ 1700 ≈ 1900 
G 58 ≈ 1800 ≈ 1950 
G 96 ≈ 1700 ≈ 1825 

Refer to Appendix A for 
plots of other stands 
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Assess Engine Life Based on Oil Discrimination 
 FEI2 oil discrimination over the engine life 

 Another approach to determine VIF engine life would be to track the p-value of the 
oil*ENHREND term using various subsets of the valid matrix data.  This significance 
of this term represents the point at which the same engine hour correction should no 
longer be used for all oils. 
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Data used 
Number of 
test results 

Overall p-value of 
oil*ENHREND term 

Range of p-values by oil of 
oil*ENHREND term 

ENHREND < 1100 14 .1799 .1210 to .9242 
ENHREND < 1300 17 .2870 .1293 to .6012 
ENHREND < 1450 19 .5187 .3320 to .9908 
ENHREND < 1600 22 .2498 .1325 to .7137 
ENHREND < 1800 25 .1763 .0725 to .4185 

All Valid Tests 28 .4947 .2616 to .8261 
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VIF Engine Life 

Based on # of standard deviations of oil separation 
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Diminishing Oil Discrimination in VIE 
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Test discriminates  FEI2 approximately 2 standard deviations up to around the 4th test. 

FEI1 EngHr 542-2 1010-1 544 542-2-544 # of Sd
350 2.75 2.02 1.36 1.39 5.34
550 2.61 1.93 1.30 1.31 5.03
750 2.47 1.84 1.24 1.23 4.72
950 2.33 1.75 1.18 1.15 4.42
1150 2.19 1.66 1.12 1.07 4.11
1350 2.05 1.56 1.06 0.99 3.80
1550 1.91 1.47 1.00 0.91 3.49
1750 1.77 1.38 0.94 0.83 3.18
1950 1.63 1.29 0.88 0.75 2.88
2150 1.49 1.20 0.82 0.67 2.57
2350 1.35 1.10 0.76 0.59 2.26

FEI2 EngHr 542-2 1010-1 544 1010-1-544 # of Sd
350 2.20 2.30 1.87 0.43 2.70
550 1.82 1.90 1.39 0.50 3.14
750 1.61 1.65 1.25 0.40 2.49
950 1.44 1.46 1.14 0.32 2.00
1150 1.31 1.31 1.05 0.26 1.61
1350 1.20 1.18 0.98 0.20 1.27
1550 1.10 1.07 0.92 0.16 0.99
1750 1.02 0.98 0.86 0.12 0.73
1950 0.95 0.89 0.81 0.08 0.51
2150 0.88 0.82 0.77 0.05 0.31
2350 0.82 0.74 0.73 0.02 0.12

n=42 FEI1 FEI2
RMSE 0.26 0.16

542-2 2.33 1.43
1010-1 1.77 1.54
544 1.19 1.18

% 1.14 0.36
SD 4.38 2.25
Model: Oil, Lab, Engine(Lab), Enghr

LSMeans

Effect Size



Diminishing Oil Discrimination in VIF 
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Test discriminates  FEI1 approximately 3 standard deviations up to around the 5th test. 

FEI1 EngHr 542-2 1011 543 542-2-1011 # of Sd 543-1011 # of Sd
350 2.41 1.51 1.84 0.90 5.31 0.33 1.97
550 2.33 1.50 1.81 0.83 4.90 0.31 1.84
750 2.25 1.49 1.78 0.76 4.49 0.29 1.71
950 2.17 1.48 1.75 0.69 4.07 0.27 1.58

1150 2.09 1.47 1.71 0.62 3.66 0.25 1.45
1350 2.01 1.46 1.68 0.55 3.25 0.22 1.32
1550 1.93 1.45 1.65 0.48 2.84 0.20 1.19
1750 1.85 1.44 1.62 0.41 2.43 0.18 1.06
1950 1.77 1.43 1.59 0.34 2.01 0.16 0.93
2150 1.69 1.42 1.55 0.27 1.60 0.14 0.80
2350 1.61 1.41 1.52 0.20 1.19 0.11 0.67

FEI2 EngHr 542-2 1011 543 543-542-2 # of Sd 543-1011 # of Sd
350 1.56 1.42 2.23 0.67 3.71 0.81 4.50
550 1.52 1.40 2.17 0.65 3.62 0.77 4.27
750 1.47 1.38 2.11 0.64 3.53 0.73 4.05
950 1.43 1.36 2.05 0.62 3.44 0.69 3.83

1150 1.38 1.34 1.99 0.60 3.35 0.65 3.61
1350 1.34 1.32 1.93 0.59 3.26 0.61 3.39
1550 1.30 1.30 1.87 0.57 3.18 0.57 3.16
1750 1.25 1.28 1.81 0.56 3.09 0.53 2.94
1950 1.21 1.26 1.75 0.54 3.00 0.49 2.72
2150 1.16 1.24 1.69 0.52 2.91 0.45 2.50
2350 1.12 1.22 1.63 0.51 2.82 0.41 2.27

n=28 FEI1 FEI2
RMSE 0.17 0.18

542-2 2.03 1.35
1011 1.49 1.36
543 1.67 1.97

% 0.54 0.62
SD 3.18 3.44
Model: Oil, Lab, Engine(Lab), Enghr

LSMeans

Effect Size



Benchmarking: Oil Discrimination in Various  
GF-5 PCMO Tests 

 Sequence IIIG ln(PVIS): oils separated by 
2.0 standard deviations 

 Sequence IIIG WPD: oils separated by 2.3 
standard deviations 

 Sequence IVA wear: oils separated by 1.2 
standard deviations 

 Sequence VID FEI2: oils separated by 2.9 
standard deviations 

Seq IIIG  

Seq IIIG  

Seq IVA 

Seq VID 



Appendix A 

Additional Engine Plots 
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VIF Lab A Eng. 122 FEI1 
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VIF Lab A Eng. 144 FEI1 
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VIF Lab G Eng. 58 FEI1 
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VIF Lab G Eng. 96 FEI1 
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VIF Lab A Eng. 122 FEI2 
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VIF Lab A Eng. 144 FEI2 

Presenter
Presentation Notes
Updated



 
 

 
 

 

35 

VIF Lab G Eng. 58 FEI2 
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VIF Lab G Eng. 96 FEI2 
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