
CAT Test Surveillance Panel Meeting 
May 13, 2014 

Peoria, IL




The meeting began at 8:35 am. The Attendance is shown in Attachment 1.



1N Correction Factor Analysis

Elisa Santos presented her analysis (Attachment 2). Elisa explained the 
reasoning for a data transformation and asked if there were any questions about 
it. She is trying to address the change in test performance (reduced mean and 
variability) associated with the liner change. During a lengthy discussion the 
following were noted:




The panel asked Elisa to:
•
Calculate weighted averages for target data set (both oils), old liners. •
Calculate weighted averages for new liners; compare the differences.

Calculate pooled standard deviations for old target data set and pooled •
standard deviation for the new liner data set.




The ACC proactive monitoring plots appear to demonstrate the same severity •
change seen in the reference data.




The panel should consider pursuing a new technology reference oil but •
perhaps only after the severity issued have been resolved.




At this point in the meeting, the discussion was paused to allow Elisa to run the 
analysis requested - with the intent of resuming the discussion later in the day.



1K Test Fuel TAN Specification

The last few batches of SDTF (fuel used in the 1K) have missed the TAN 
specification. This is due to the crude source and is expected to continue. Mike 
Wendling of Haltermann indicated that typically the copper corrosion has been of 
bigger concern rather than TAN. The recent batches have not had any problems 
meeting the copper corrosion spec. After discussion it was generally agreed to 
that: the spec would not be changed and that approval of future batches with 
TAN variances would be handled by panel e-ballot and that this issue would 
remain an item of concern at future panel meetings.

 


Action Item - for any batch above the TAN specification, send an email ballot 
for batch approval - J. Gutzwiller.






C13 Pre-Test Ring Cleaning Procedure

The ring cleaning procedure was updated in late 2013, but so far has not 
appeared to produce the desired severity change (from mild to back on target). 
The labs expressed a desire to use Ensolv rather than pentane. It was moved and  
seconded (Moritz, McCord) to change the C13 test method by removing the 
referenced cleaning document and noting that Ensolv, followed by a pentane 
rinse has been found to work. The motion was approved unanimously.



Action Item - TMC to issue appropriate information letter.



Permanent Surveillance Panel Secretary

The official secretary of record is Addison Schweitzer who no longer attends 
panel business. Martin Thompson of SwRI volunteered to begin duties as panel 
secretary, starting with the next meeting.



Update on Supply of Reference Oils

Jeff Clark presented Sean Moyer's update on the supply of reference oils; the 
update is show in Attachment 3.



Test Parts Supply


C13
•



There are quality control concerns (rotating bushing) for Batch R4702 of •
the 1Y4106 piston. Hind Abi-Akar of CAT requested that labs quarantine 
those pistons and report back how many have been affected. CAT will 
advise labs if /when to return the pistons for validation. Future batches 
will all be fully inspected.


ACTION ITEM - labs are to report to CAT the number of Batch R4702 •
pistons in their inventories.




Liner Seal 104-3560 (O-ring) is susceptible to bore distortion and is •
currently used in the C13 test. It has been replaced in current production 
(with 437-1409). It was moved (McCord, Moritz) to move to the 437-1409 
liner seal for all engines built on or after May 14, 2014. This motion 
passed unanimously.


ACTION ITEM - CAT to change the 1Y-4116 soft kit accordingly.
•
ACTION ITEM - TMC to update the parts list maintained on the •
website.









There have been problems getting turbo charger from dealers and those •
possibly having different shaft seals. Is there a possibility having a CAT 
approved turbo rebuilder?


ACTION ITEM - CAT will investigate rebuild possibilities and long term •
availability of the current C13 turbos.




The question was asked if the block can be bought separately.The test •
procedure specifically states an engine arrangement. Mark Jarrett of CAT 
stated that he believed short blocks should be available. The panel will 
consider a list of engine arrangement components that could be 
purchased separately.




Jim Moritz brought liners (with and without machining marks) to show •
differences in id surface finish and showed the surface finish results 
(Attachment 4) of the different liners. Jim's quick analysis shows a 
significant difference. 


ACTION ITEM - CAT will investigate.
•



1P
•



Liners - a new date code has been observed. The question was asked if •
this was a new batch of liners. 


ACTION ITEM - CAT will investigate.
•



1K/1N - Jade Katinas reviewed current parts supply issues.
•



There are currently no 1Y-3998 liners in stock. CAT is working to resolve.
•
Water pump - several components are not currently available. CAT is •
working to resolve. In the long term, Jade noted that it would be best to 
replace the mechanical pump with an electrical pump. CAT is working on 
the long term solution that they'd like in place for PC-11.

Cooling Heat exchanger - currently two are available from Grainger. •
CAT's long term recommendation is to modernize the heat exchanger.

Oil Pump - CAT is looking to modernize the oil pump used for the test.
•

ACTION ITEM - CAT will organize a hardware task force to help •
address the component modernization issue




Resumption of 1N Analysis

Elisa presented the calculations she had been asked for earlier in the meeting 
(Attachment 2a). The general consensus was that the test is in need of 
correction by some method, though what the method should be is not certain at 



this time. The mean difference approach appeared problematic. Remaining 
possibilities include (but not limited to) the transforms and a multiplicative factor. 



ACTION ITEM: Elisa was asked to summarize and apply two options for future 
consideration: transforms and multiplicative correction. It was noted that the SA 
standard deviation needs to be included in the discussion.



ACTION ITEM: Interested parties are encouraged to take the results of Elisa's 
summary and apply to their data to gage the scope / impact of the transforms 
and corrections.



Test Procedure Clean Ups

Jim Moritz noted that SCOTE procedures have the wrong auxiliary oil pump flow 
rates. His suggested fix was to specify the pump, motor speed, and line sizes. 



ACTION ITEM: Jim Moritz will draft some wording to handle this issue.



C13 Aeration Test

Mark Cooper asked about if this surveillance panel needs to address CJ-4 limits 
to replace the EOAT. Martin Thompson commented that this will be part of the 
C13 Aeration development.



The meeting adjourned at 4:25 p.m.
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Mean and Standard deviations by Parameter 
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LN(TLHC rated plus one)

Oil Liner # of tests
Mean(LN(TLHC 
rated plus one))

Std Dev(LN(TLHC 
rated plus one))

 809-1 1Y355 30 1.197 1.213
 809-1 1Y3998 30 0.50086 0.83375
811-2 1Y355 30 0.366 0.6
811-2 1Y3998 19 0.109444 0.347585
811* 1Y3998 22 0.12603 0.3473

TGF

Oil Liner # of tests
Mean(LN(TLHC 
rated plus one))

Std Dev(LN(TLHC 
rated plus one))

 809-1 1Y355 30 35.3 20.5
 809-1 1Y3998 30 17.700 13.2305
811-2 1Y355 30 24.7 21.6
811-2 1Y3998 19 14.42105 5.59082
811* 1Y3998 22 14.04545 5.4114

WDN

Oil Liner # of tests
Mean(LN(TLHC 
rated plus one))

Std Dev(LN(TLHC 
rated plus one))

 809-1 1Y355 30 205 34.6
 809-1 1Y3998 30 179.62000 28.80947
811-2 1Y355 30 281.5 37.4
811-2 1Y3998 19 273.47368 38.41626
811* 1Y3998 22 273.94091 36.9650

Average Oil Consumption

Oil Liner # of tests
Mean(LN(TLHC 
rated plus one))

Std Dev(LN(TLHC 
rated plus one))

 809-1 1Y355 30 0.308 0.175
 809-1 1Y3998 30 0.20867 0.06720
811-2 1Y355 30 0.223 0.052
811-2 1Y3998 19 0.18895 0.03784
811* 1Y3998 22 0.18636 0.0358

* 3 tests with 811-1 and 19 with 811-2
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3 

N is the symbol 
for recent data 
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Reasoning for data transformation 

• To achieve constant variance 
• To reduce mean/variance relationship: the larger the mean, the 

larger the variability 
• Looking at a plot of the residuals versus fitted values helps assess 

potential lack of constant variance  
• The logarithm and square root transformations are commonly used 

for positive data, and the reciprocal transformation can be used for 
non-zero data. These are particular cases of Box-Cox 
transformations 

• Failing to address this issue may result in inappropriate estimates 
and inferences 
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Residuals before  
transformation 

Residuals after 
transformation 
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LN(TLHCrated +1) 
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BSOC: Oil Consumption 
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WDN 
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Summary of Correction Factors and Standard 
Deviations by Parameter 
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Parameter

Previous 
sample size       
809/1Y3555   
809/1Y3998 
811/1Y3555 
811/1Y3998

Target Labs Current 
Labs Transformation Lab 

effect
Oil 

effect
Liner 
effect

Previous 
Correction 

Factor to be 
added to the 
transformed 

values

Most recent 
Correction 

Factor to be 
added to the 
transformed 

values

Previous 
Standard 
deviation: 

RMSE

Most 
recent 

Standard 
deviation: 

RMSE

Previous 
New Liner 
Standard 
Deviation: 

Pooled 
809/811

Most recent 
New Liner 
Standard 
Deviation: 

Pooled 
809/811-2

Most recent 
Correction 
on original 
scale

TGF 30 - 25 - 29 - 19 A, B, B1, C, D, F, 
G, I, J, K, N

A, B1, D, G LN(TGFrated) no no yes 0.565696 0.511817 0.632151 0.608679 0.49 0.530791 9.80

WDN 30 - 25 - 29 - 19 A, B, B1, C, D, F, 
G, I, J, K, N

A, B1, D, G LN(WDNrated) no yes yes 0.074445 0.097107 0.150728 0.146344 0.1437 0.142317 21.82

TLHC 30 - 25 - 29 - 19 A, B, B1, C, D, F, 
G, I, J, K, N

A, B1, D, G LN(TLHCrated+1) no yes yes 0.569846 0.690769 0.859108 0.830756 0.673469 0.68934 0.691

BSOC 30 - 25 - 29 - 19
A, B, B1, C, D, F, 
G, I, J, K, N A, B1, D, G LN(BSOCrated) no yes yes 0.2688 0.3128 0.280647 0.277815 0.208256 0.235224 0.068
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WDN 

10 

Residuals after 
transformation 
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BSOC: Oil Consumption 
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Residuals after 
transformation 
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LN(TLHC rated +1) 
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Residuals after 
transformation 

The best transformation is the inverse, but LN is the  
one being used right now. I decided to keep it  



Infineum Confidential Information 

1N: Correction Factor 
Analysis 

August 2013 
Elisa Santos 
For CAT Surveillance Panel 
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Outline 

 Correction factors are proposed by parameter 
1. TGF 
2. WDN 
3. TLHC 
4. BSOC 
 Standard Deviations are proposed by parameter 
 Plots: Before and After CF  
 Appendix 

1. Data preparation to reproduce Original Target calculations 
2. Oil selection 
3. Data Analysis: Need for transformations, test for change in variability, 

lab, oil, liner and fuel batch effects 
4. Correction factor calculations 
5. Applying the proposed correction to the new liner and comparing with 

original liner test results 

14 
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Summary of Correction Factors and Standard 
Deviations by Parameter 

Kept several decimal places to allow for TMC to do the proper rounding for all values 

There is no evidence of Fuel Batch effect: Before and After introducing new  
batch in March 20th 2011 

* 

15 

Parameter

sample size       
809/1Y3555   
809/1Y3998 
811/1Y3555 
811/1Y3998

Target Labs Current 
Labs Transformation Lab 

effect
Oil 

effect
Liner 
effect

Correction 
Factor to be 
added to the 
transformed 

values

Standard 
deviation: 

RMSE

New Liner 
Standard 
Deviation: 

Pooled 
809/811

TGF 30 - 25 - 29 - 19 A, B, B1, C, D, F, 
G, I, J, K, N

A, B1, D, G LN(TGFrated) no no yes 0.565696 0.632151 0.49

WDN 30 - 25 - 29 - 19 A, B, B1, C, D, F, 
G, I, J, K, N

A, B1, D, G LN(WDNrated) no yes yes 0.074445 0.150728 0.1437

TLHC 30 - 25 - 29 - 19 A, B, B1, C, D, F, 
G, I, J, K, N

A, B1, D, G LN(TLHCrated+1) no yes yes 0.569846 0.859108 0.673469

BSOC 30 - 25 - 29 - 19
A, B, B1, C, D, F, 
G, I, J, K, N A, B1, D, G LN(BSOCrated) no yes yes 0.2688 0.280647 0.208256
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CF= 0.56569 

TGFrated original by Oil 
LN(TGFrated) BEFORE CF by Oil 
LN(TGFrated) AFTER CF by Oil 
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WDNrated original by Oil 
LN(WDNrated) BEFORE CF by Oil 
LN(WDNrated) AFTER CF by Oil 

CF= 0.074444 
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TLHCrated by Oil 
LN(TLHCrated +1) BEFORE CF by Oil 
LN(TLHCrated +1) AFTER CF by Oil 

CF= 0.569846 
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BSOCrated by Oil 
LN(BSOCrated) BEFORE CF by Oil 
LN(BSOCrated) AFTER CF by Oil 

CF= 0.2688 

19 
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Appendix: 
1- Data preparation to reproduce Original Target calculations 
2- Oil selection 
3- Data Analysis: Need for transformations, test for change in 
variability, lab, oil, liner and fuel batch effects 
4- Correction factor calculations 
5- Applying the proposed correction to the new liner and comparing 
with original liner test results 

21 
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1N Data selection and preparation: Chart =Y 

• Oils used in this analysis 
• 809-1 
• 811-1  
• 811-2: initial targets based on 811-1 

811-1 and 811-2 were combined 
• Additional oils 

• 810-2: last used in 2000 and only one test 
• 1004: oil depleted 
• 1004-1: oil depleted 
• 1004-2: oil depleted 
• 1004-3: oil depleted 

 
• Labs that participated in the Target calculations 
but currently do NOT run the test are highlighted  
on the picture 

 

Oil Liner n sample size
 809-1 1Y3555 30
 809-1 1Y3998 25
 811-1 1Y3555 29
 811-1 1Y3998 19

Final count 

22 
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809-1 target data 
Chart = Yes; N=30; from 03/14/1993 to 01/26/2002 

17349: liner is missing but assumed is 1Y3555 
 
23960-1N 01/26/2002 is the last test included in the Target calculations, so data from 
the following tests with the old liner 23963-1N 01/19/2003, 28740-1N 03/30/2003,  
31593-1N 01/21/2004 were excluded from the analysis 
 
For 22998, TLHC = 3 LN (TLHC+1) = 1.386 instead of 0. This will impact calculations 

23 
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811-1 target data 
Chart = Yes; N=30*; from 03/22/1993 to 10/03/2006 

*Test 24229 10/03/2006 was included in the above target calculations to reproduce  
the LTMS table, but because it has the new liner will be in the analysis as  
having the new liner 

24 
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TGFrated: Visualizing the data by Oil and Fuel 
Batch 

All Labs by Oil, Liner  
and Fuel batch By Lab, Liner and Oil 
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Analysis of TGFrated: LN (TGFrated)  

• Applied transformation: 
LN(TGFrated)  

• Tested for statistically significant 
effects 

• Means by liner group are statistically 
significantly different 

• Standard deviations by liner group 
are also statistically significantly 
different. The sample size is large 
and able to detect small differences, 
not necessarily substantial. The plot 
on the next slide shows the 
TGFrated BEFORE and AFTER the 
transformation & CF are applied.  

• Proposed Correction Factor (CF): 
add 0.5656958 to LN (TGFrated) 

• CF= 3.19651-2.63082= 0.56569 
• Standard deviation: RMSE of model 

on the left, i.e. 0.632151  

LN TGFrated vs. Liner 

26 
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TGFrated BEFORE CF and  
LN(TGFrated) AFTER CF by Oil 

CF= 0.56569 
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• 809-1 
• STD for Target set= 0.67 

• 811-1 
• STD for Target set= 0.74 

• RMSE for model that includes both 
liners for oils 809 and 811-1/ 811-2= 
0.632 

• # of tests with new liner that do not 
calibrate before and after correction 

 
 

Standard deviation for LN (TGFrated):  

Spooled  for New Liner set 809/811= 0.49 

Using RMSE= 0.632

Before After
0 1

Before After
0 0

809 (25 tests)

811 (19 tests)

28 
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WDNrated: Visualizing the data 

All Labs by Oil, Liner  
and Fuel batch By Lab, Liner and Oil 
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LN WDNrated: Model below includes Liner, Oil, 
Liner*Oil 

Investigated the need to develop a correction dependent on the value observed. 
I will share it if needed. Decided to use a correction that does not depend on the oil 

30 
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LN WDNrated: Final Model includes Liner and Oil 

• Applied transformation: 
LN(WDNrated)  

• Tested for statistically significant 
effects 

• Liner means are statistically 
significantly different 

• Oils are also statistically 
significantly different 

• Proposed Correction Factor (CF): 
add 0.0744448 to LN (WDNrated) 

• CF= 5.458322-5.383878= 
0.074444 

• Standard deviation: RMSE of 
model on the left, i.e. 0.150728 
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WDNrated original by Oil 
LN(WDNrated) BEFORE CF by Oil 
LN(WDNrated) AFTER CF by Oil 

CF= 0.074444 
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• 809-1 
• STD for Target set= 0.1646 

• 811-1 
• STD for Target set= 0.1299 

• RMSE for model that includes both 
liners for oils 809 and 811-1/ 811-2=  
0.150728 

• # of tests with new liner that do not 
calibrate:  

 
 

Standard deviation for LN (WDNrated): RMSE 

Spooled  for New Liner set 809/811= 0.1437 

Using RMSE= 0.150728

Before After
1 2

Before After
1 2

809 (25 tests)

811 (19 tests)
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TLHCrated: Visualizing the data 

All Labs by Oil, Liner  
and Fuel batch By Lab, Liner and Oil 
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LN (TLHCrated +1) 

• Applied transformation: 
LN(TLHCrated+1)  

• Tested for statistically significant 
effects 

• Liner means are statistically 
significantly different 

• Oils are also statistically significantly 
different 

• Proposed Correction Factor (CF): 
add 0.569846 to LN(TLHCrated+1) 

• CF= 0.853859-0.284013= 0.569846 
• Standard deviation: RMSE of model 

on the left, i.e. 0.859108 
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TLHCrated by Oil 
LN(TLHCrated +1) BEFORE CF by Oil 
LN(TLHCrated +1) AFTER CF by Oil 

CF= 0.569846 
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• 809-1 
• STD for Target set= 1.192 

• 811-1 
• STD for Target set= 0.66935 

• RMSE for model that includes both 
liners for oils 809 and 811-1/ 811-2=  
0.859108 

• # of tests with new liner that do not 
calibrate:  
 

 
 

Standard deviation for LN(TLHCrated +1) 

Spooled  for New Liner set 809/811= 0.673469 

Before After
0 2

Before After
0 0

809 (25 tests)

811 (19 tests)

Using RMSE= 0.859108 
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BSOCrated: Visualizing the data 

All Labs by Oil, Liner  
and Fuel batch By Lab, Liner and Oil 
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LN (BSOCrated) 

• Applied transformation: 
LN(BSOCrated)  

• Tested for statistically significant 
effects 

• Liner means are statistically 
significantly different 

• Oils are also statistically significantly 
different 

• Proposed Correction Factor (CF): 
add 0.2688 to LN(BSOCrated) 

• CF= -1.4036-(-1.6724)= 0.2688 
• Standard deviation: RMSE of model 

on the left, i.e. 0.280647 
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BSOCrated by Oil 
LN(BSOCrated) BEFORE CF by Oil 
LN(BSOCrated) AFTER CF by Oil 

CF= 0.2688 
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• 809-1 
• STD for Target set= 0.37597 

• 811-1 
• STD for Target set= 0.247159 

• RMSE for model that includes both 
liners for oils 809 and 811-1/ 811-2=  
0.280647 

 
• # of tests with new liner that do not 

calibrate:  
 

 
 

Standard deviation for LN(BSOCrated) 

Spooled  for New Liner set 809/811= 0.208256 

Before After
0 1

Before After
1 1

Using RMSE= 0.28064
809 (25 tests)

811 (19 tests)
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BSOC: additional details 

Transformation for BSOC was  
identified by temporarily excluding  
this test value from the analysis 
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LN(TLHC rated plus one) LN(TLHC rated plus one)

Oil Liner # of tests
Mean(LN(TLHC 
rated plus one))

Std Dev(LN(TLHC 
rated plus one)) Oil Liner # of tests

Mean(LN(TLHC 
rated plus one))

Std 
Dev(LN(TLHC 

rated plus one))
 809-1 1Y355 30 1.197 1.213  809-1 1Y355 30 1.243135454 1.192089561 1.197 1.213 Blue is published TMC value

 809-1 1Y3998 30 0.50086 0.83375 811-1 1Y355 29 0.461710833 0.669355 0.454 0.659 Blue is published TMC value
811-2 1Y355 30 0.366 0.6 809/811 1Y355 59 0.83558668 0.984214998
811-2 1Y3998 19 0.109444 0.347585  809-1 1Y3998 30 0.50086 0.83375
811* 1Y3998 22 0.12603 0.3473 811-1 1Y3998 3 0.23105 0.4002

811-2 1Y3998 19 0.109444292 0.347585486 MEAN DIFFERENCE
809/811 1Y3998 52 0.342277673 0.679949237 0.493309

TGF
Oil Liner # of tests Mean(TGF) Std Dev(TGF) TGF

 809-1 1Y355 30 35.3 20.5 Oil Liner # of tests Mean(TGF) Std Dev(TGF)
 809-1 1Y3998 30 17.700 13.2305  809-1 1Y355 30 35.3 20.5
811-2 1Y355 30 24.7 21.6 811-1 1Y355 29 26.655 20.036 26.2 19.8 Blue is published TMC value
811-2 1Y3998 19 14.42105 5.59082 809/811 1Y355 59 31.05084746 20.27348183
811* 1Y3998 22 14.04545 5.4114  809-1 1Y3998 30 17.700 13.2305

811-1 1Y3998 3 11.66666667 4.041451884
811-2 1Y3998 19 14.42105263 5.590823727 MEAN DIFFERENCE

WDN 809/811 1Y3998 52 16.15384615 10.75857346 14.897
Oil Liner # of tests Mean(WDN) Std Dev(WDN) WDN

 809-1 1Y355 30 205 34.6 Oil Liner # of tests Mean(WDN) Std Dev(WDN)
 809-1 1Y3998 30 179.62000 28.80947  809-1 1Y355 30 205 34.6
811-2 1Y355 30 281.5 37.4 811-1 1Y355 29 274.2448276 35.65532004 273.2 35.5
811-2 1Y3998 19 273.47368 38.41626 809/811 1Y355 59 239.0355932 35.12236548
811* 1Y3998 22 273.94091 36.9650  809-1 1Y3998 30 179.62 28.80947402

811-1 1Y3998 3 276.9 32.40108023
811-2 1Y3998 19 273.4736842 38.41625585 MEAN DIFFERENCE

Average Oil Consumption 809/811 1Y3998 52 219.525 32.80548885 19.51059
Oil Liner # of tests Mean(BSOC) Std Dev(BSOC)

 809-1 1Y355 30 0.308 0.175 Average Oil Consumption
 809-1 1Y3998 30 0.20867 0.06720 Oil Liner # of tests Mean(BSOC) Std Dev(BSOC)
811-2 1Y355 30 0.223 0.052  809-1 1Y355 30 0.308 0.175
811-2 1Y3998 19 0.18895 0.03784 811-1 1Y355 29 0.219655172 0.052541328 0.218 0.053
811* 1Y3998 22 0.18636 0.0358 809/811 1Y355 59 0.264576271 0.130143076

* 3 tests with 811-1 and 19 with 811-2  809-1 1Y3998 30 0.20867 0.06720
811-1 1Y3998 3 0.17 0.01
811-2 1Y3998 19 0.18895 0.0378 MEAN DIFFERENCE

809/811 1Y3998 52 0.199230769 0.056591197 0.065346
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Oil 

 
 

Tests 

Original 
Blend 

Amount 

Quantity 
Shipped in 

last 6 months 

 
TMC 

Inventory 
 

Lab Inventory 
 

Estimated Life 

809-1 1K, 1N 9134 50 2388 126 5+ years 

811-2 1K, 1N 1732 30 1194 50 5+ years 

822-1 1R, T-10A, T-
11 560 0 16 56 ~.25 years 

822-2 1R, T-10A, T-
11 4386 280 4106 196 5+ years 

831-1 C13, ISB 1300 0 0 51 ~ .5 years 

831-2 C13, ISB 880 90 612 235 5+ years 

873-2 1M-PC 1650 10 177 50 5+ years 

1005-3 1P, 1R, EOAT, 
RFWT, T-8/E 2000 7 8 150 ~ 1 year 

1005-4 1P, 1R, EOAT, 
RFWT, T-8/E 2000 296 1023 401 2.5 years 



 1005-4 Re-blend being pursued 
 

 
 



"Line"
Liner 

Rpk (uin) Rvk (uin) Vo (uin*uin)/uin

Thrust 14.2 70.4 5.19
1 Front 20.2 81.5 5.53

Anti-thrust 20.0 79 5.22
Rear 19.1 63.9 4.45

Thrust 17.5 88 6.44 Rpk (uin) Rvk (uin) Vo (uin*uin)/uin
2 Front 17.1 62.6 4.47

Anti-thrust 20.5 80.6 6.24 T-TEST 0.0042714 0.0000054 0.0000004
Rear 15.8 101.5 6.70 Line average 16.050 79.850 5.601

Thrust 10.4 68.6 4.51 Line Stdev 4.142 13.186 0.872
3 Front 18.5 104.4 6.97

Anti-thrust 10.0 79.5 5.83 No-Line average 20.858 104.817 7.906
Rear 9.3 78.2 5.66 No-Line Stdev 4.014 7.708 0.799

"No line"
Liner 

Rpk (uin) Rvk (uin) Vo (uin*uin)/uin

Thrust 18.8 96.2 6.88
1 Front 15.3 94.3 7.26

Anti-thrust 16.1 109.3 8.91
Rear 18.7 113.2 7.39

Thrust 23.6 102.0 7.90
2 Front 28.8 108.0 8.31

Anti-thrust 27.1 101.0 7.94
Rear 20.5 116.2 9.04

Thrust 20.8 92.0 6.81
3 Front 19.3 108.1 9.12

Anti-thrust 21.8 111.0 7.75
Rear 19.5 106.5 7.56
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