
Cummins Surveillance Panel 
October 1, 2014 

Teleconference Meeting Minutes 
 
Attendance: 
Afton - Bob Campbell 
ChevronOronite - Marnix Torreman, Mark Cooper, Jim Rutherford 
Cummins - Dan Nyman 
Infineum - Pat Fetterman, Bob Salgueiro, Elisa Santos, Jim Gutzwiller 
Intertek - Mey Dewey, Jim Moritz 
Lubrizol - Michael Conrad, Nick Secue, Kevin O'Malley 
Southwest Research - Martin Thompson 
TEI - Zack Bishop 
TMC - Jeff Clark, Sean Moyer 
 
Cummins ISM Filter Plugging Correction Factor 
This topic is continued from the two previous teleconferences (9/17/14 and 
9/26/14). A potential attributable cause has been found - see Attachment 1 for 
Jim Moritz's explanation and photos. Kevin O'Malley, of Lubrizol, reworked his 
previous analysis and the updated analysis is shown in Attachment 2. (Note, 
Kevin's analysis covers all test parameters, not just FPD.) After review and 
discussion, it was moved (Campbell, Thompson) to adopt a FPD correction factor 
of +4 in original units (kPa) for all tests that start on or after October 1, 2014. 
Recent reference tests, from July 1, 2014, will also have the CF applied and then 
be reviewed. The motion passed without objection (TMC waived). 
 
ISB Replacement Engines 
Twenty blocks are to be delivered to Cummins the 3rd week of October and long 
block assembly will begin shortly after, assuming timely parts delivery. 
 
ISM Oil Filter Supply 
Dan Nyman has an upcoming meeting with Fleetguard to find out the timing of a 
filter re-supply and also what may have caused the current mild trend. 
 
ISB Hardware 
New batches of cams and tappets are expected in the near future. Zack Bishop 
noted that some of the remaining current cams are in spec but have some micro 



pitting -- TEI has documented the affected cams (starting in kit #759) in case there 
are severity issues with their use. Tappet delivery is expected next week; there 
are only five builds' worth of tappets left. 
 
The teleconference adjourned at 11:30 am EDT. 
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Jeff Clark

From: Jim Moritz  Intertek [jim.moritz@intertek.com]
Sent: Friday, September 26, 2014 10:59 AM
To: OMalley, Kevin; Adam Roig  Intertek; Ahlborn, Jonathan; Allison Athey 

(Allison.Athey@Volvo.com); Rajakumar, Allison; Andrew Wong; Larch, William; Bob 
Campbell; Boese, Doyle; Booth, James E.; Bradley Carter   Intertek; Carter, James; 
cathy.devlin@aftonchemical.com; cca@lubrizol.com; Conrad, Michael; Daniel A Nyman; Elisa
M. Santos (elisa.santos@infineum.com); Greg Shank; NON-LZ MCCORD JIM; Jan Peters; 
Jeff Clark; Jim Gutzwiller; Matasic, James; Jim McGeehan (jiam@chevron.com); Jim 
Rutherford; JingChun Xie (xjc@luberdi.com.cn); Joe Franklin  Intertek; Mark Cooper; Mark 
Sutherland; Martin Thompson; Mey Dewey  Intertek; michael.l.alessi@exxonmobil.com; Pat 
Fetterman; Perry Grosch; Scinto, Phil; Riccardo Conti; Salgueiro, Bob; Scott Richards; Sean 
A. Moyer; Secue, Nicholas; NON-LZ KENNEDY STEVE; Terry Dyson - Cummins 
(terence.dyson@cummins.com); Timothy L Caudill; Torreman, Marnix; 
vlkersey@ashland.com; wvda@chevrontexaco.com; Zack Bishop (zbishop@tei-net.com)

Cc: Buchanan, Jessica; Wilkinson, Robert
Subject: RE: Cummins SP conf call reminder September 26, 11:00 EDT
Attachments: IMG_2049.jpg; IMG_2050.jpg

Thanks Kevin. 
 
Everyone, we are pursuing a possible attributable cause we discovered since the last call.  Some of the filter cartridges 
seem crooked or canted.  I have attached some preliminary pictures.  The table is level.  Notice the bubble in the level in 
the square.  The pictures are at 90 degrees to each other.  We are working on better photos and more measurements 
right now.  I think this can create a leak path internal to the filter from the high pressure side to the low pressure side 
resulting in a lower delta.  I think the correction should be linear somehow; I don’t think this is the same mechanism as 
plugging which is non‐linear. 
 
Jim 
 

From: OMalley, Kevin [mailto:Kevin.OMalley@lubrizol.com]  
Sent: Friday, September 26, 2014 9:41 AM 
To: Jim Moritz Intertek; Adam Roig Intertek; Ahlborn, Jonathan; Allison Athey (Allison.Athey@Volvo.com); Rajakumar, 
Allison; Andrew Wong; Larch, William; Bob Campbell; Boese, Doyle; Booth, James E.; Bradley Carter Intertek; Carter, 
James; cathy.devlin@aftonchemical.com; cca@lubrizol.com; Conrad, Michael; Daniel A Nyman; Elisa M. Santos 
(elisa.santos@infineum.com); Greg Shank; NON-LZ MCCORD JIM; Jan Peters; Jeff Clark; Jim Gutzwiller; Matasic, James; 
Jim McGeehan (jiam@chevron.com); Jim Rutherford; JingChun Xie (xjc@luberdi.com.cn); Joe Franklin Intertek; Mark 
Cooper; Mark Sutherland; Martin Thompson; Mey Dewey Intertek; michael.l.alessi@exxonmobil.com; Pat Fetterman; 
Perry Grosch; Scinto, Phil; Riccardo Conti; Salgueiro, Bob; Scott Richards; Sean A. Moyer; Secue, Nicholas; NON-LZ 
KENNEDY STEVE; Terry Dyson - Cummins (terence.dyson@cummins.com); Timothy L Caudill; Torreman, Marnix; 
vlkersey@ashland.com; wvda@chevrontexaco.com; Zack Bishop (zbishop@tei-net.com) 
Cc: Buchanan, Jessica; Wilkinson, Robert 
Subject: RE: Cummins SP conf call reminder September 26, 11:00 EDT 
 
All, 
The attached updated presentation includes slides addressing topics/decisions discussed in the last surveillance panel 
call on September 17th.  We can discuss this in our call later this morning. 
With Kind Regards, 
Kevin 
 
Kevin O'Malley  
The Lubrizol Corporation  
Statistical Sciences  
Statistical Consultant  
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Summary 

1. LTMS Control Charts (9/1/2004 through 9/5/2014) indicate: 

 

 

 

 

 

 

 

 

 

 

 

2. The surveillance panel will need to come to an agreement on whether correction 

factors are warranted. 

1. If warranted, agreement will be needed on how they are calculated and 

what data is used in the calculations. 

Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since Nov 2012
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out mild 

since 2010

Average Sludge Rating

OK
Slightly severe since Nov 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since Nov 2012
OK

Could be related to 

crosshead batch 

changes or wire 

mesh test filter batch 

changes 

Could be related to injector push rod batch B use  
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Surveillance Panel Decisions Needed: 

1. Is a correction factor warranted for Crosshead Weight Loss, Filter Plugging Delta or 

Average Sludge Rating? 

1. If so: 

1. Correct based on crosshead batch? Wire mesh test filter batch? 

Injector Push Rod? other? 

2. Base correction on current vs. prior performance: 

1. Current test performance: Batches since mild trend?  

                                          Just the latest batch? 

2. Prior test performance: Batches prior to mild trend? 

                                      Original batch only? 

                                      LTMS mean target? 

3. What data should be used in calculations? LTMS Chart=Y plus: 

1. 81547-ISM? – Not for ASR 

2. 90720-ISM? 

3. 102544-ISM? – FPD only 

4. Remove 86669-ISM? - goofy test; LTMS chart=Y 

4. Utilize data transformation? 

2. Modify test precision estimates for Crosshead Weight Loss or  

Injector Screw Weight Loss if warranted/possible? What is past precedent? 
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Filter Plugging Delta 

MILD 

Severe 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 

MILD 

Severe 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 

Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

86669-ISM Removed 

LTMS Control Charts 

Test appears mild after April 2009. 
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Filter Plugging Delta 
Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

LTMS Chart=Y Data 

Goofy test??? 

Mild 

High FPD results observed in 

labs B,C,D, & G. 
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Filter Plugging Delta 
Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

LTMS Data + other possible test results 

Surveillance Panel decided in 9/17/14 conference call not to include 86669-ISM, 81547-ISM, 

90720-ISM, and 102544-ISM. 

Mild? 
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Filter Plugging Delta 
Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

LTMS Chart=Y Data; 86669-ISM Excluded 

FPD appears mild when crosshead batches D & E or ISM A & ASTM filter utilized. 

Mild? 

Mild? 
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Filter Plugging Delta 
Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

LTMS Chart=Y Data 

Higher viscosity at 100°C 

is correlated with higher 

filter plugging delta 

86669-ISM 

86669-ISM 

86669-ISM 
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Filter Plugging Delta 

Is a transformation warranted  
LTMS Chart = Y; 86669-ISM removed; Matrix data included 

If a piecewise transformation is desired, then we would need to identify the cutoff(s)  

Variances statistically differ: 

Variability in 1004-3  

larger than rest 

FPD by oil & Mesh Filter Batch Ln(FPD+1) by oil & Mesh Filter Batch 

Variances still statistically differ: 

Variability in 1004-3 > 830-2;  

ln(FPD+1) still appropriate 

given analysis for best 

transformation 

Oil & Mesh Filter # of tests

Standard 

Deviation of 

FPD

Range of 

FPD

Standard 

Deviation of 

ln(FPD+1)

Range of 

ln(FPD+1)

 1004-3 M-11 EGR 6 77.82 213 0.83 2.22

 830-2 ISM A or ASTM 32 3.45 15 0.41 1.79

 830-2 M-11 EGR 36 4.65 21 0.35 1.39

 ISMA M-11 EGR 2 4.95 7 0.72 1.01
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Filter Plugging Delta 
Correction Factor  

Calculation Example 

FPD with possible correction applied to Batches A and ASTM 

The model predicts ISM A/ASTM mean based on the transformed FPD data 

[ln(FPD+1)] = 2.16412 (7.71 in natural units) 

 

LTMS mean = 2.5209 (11.44 in natural units) 

This implies a correction factor of FPD + 3.73 

If M-11 mesh filter used, then wire mesh test filter indicator = 0 

If A or ASTM mesh filter used, then wire mesh test filter indicator = 1 

63708-ISM wire mesh test filter indicator = 1 

LTMS Chart=Y Data; 86669-ISM Excluded;  

Mean M-11 FPD = 11.22 Mean A/ASTM FPD =11.58 
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Possible CFs for Filter Plugging Delta 
CFs based on Wire Mesh Test Filter Batches 
LTMS Chart = Y; 86669-ISM removed 

If M-11 mesh filter used, then wire mesh test filter indicator = 0 

If A or ASTM mesh filter used, then wire mesh test filter indicator = 1 

63708-ISM wire mesh test filter indicator = 1 

Option 3 (shown on prior slide):  

  (Back transformed LTMS mean) - (Back transformed model prediction for ISM A/ASTM)  

Analysis done on transformed data: ln(FPD + 1); 

Predicted average across labs obtained for ISM A/ASTM; 

Prediction back transformed into natural units  
Option 4:  

  (Back transformed LTMS mean) - (Back transformed data average for ISM A/ASTM)  

Raw data transformed: ln(FPD + 1); 

Average transFPD for ISM A/ASTM obtained; 

Average was back transformed into natural units  

CF options applied to test 

results using A/ASTM Batch 
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Filter Plugging Delta 
Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

Test Precision 
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Filter Plugging Delta 
LTMS charts for monitoring precision 

86669-ISM removed 

 

Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

Shewhart Chart 

Exponentially Weighted Moving Average Chart 

Moving Standard Deviation Chart 

Control charts do not support a significant change in test precision 
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Filter Plugging Delta 

Precision 
LTMS Chart = Y; 86669-ISM removed; Matrix data included 

Ln(FPD+1) by oil & Mesh Filter Batch 

Variances statistically differ: 

Variability in 1004-3 > 830-2;  

ln(FPD+1) still appropriate given 

analysis for best transformation 
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Filter Plugging Delta 

Precision 
LTMS Chart = Y; 86669-ISM removed 

Estimated s = 0.4323;  

Matrix data included; 

All four oil-filter batch 

combinations used 

Estimated s = 0.3631;  

830-2 data only;  

Mesh indicator = 1, then A/ASTM batch; 

Mesh indicator = 0, then M-11 batch 

Estimated s = 0.3696;  

830-2 data only;  

Only A/ASTM filter mesh batch 
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Filter Plugging Delta 

Possible Precision Estimates 
All estimates calculated in natural log units 

Predictive model error – estimated standard deviation using model residual error 

• Estimates calculated without lab effect to align with ASTM intermediate precision 

conditions; these are pooled estimates across hardware batches 

Transformed data – estimated standard deviation using transformed raw data 

• Historical transformation = ln(FPD+1) 

• If shorter term estimates are used, then we should consider updating them in the future 

EWMA transformed data – additional option for shorter term estimates of s; exponentially 

weighted moving average of the standard deviation (𝜆= 0.2) 

 

For each option the standard deviation is estimated using  

• ln(FPD+1): historical transformation 

• ln(FPD+1) & ln((FPD+4)+1): ln(FPD+1) results prior to A/ASTM;  

                                              ln((FPD+4)+1) A/ASTM results (example of CF applied) 
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Crosshead Wt Loss 

LTMS Control Charts 

Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

MILD 

Severe 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 

Test appears more mild after May 2010; more precise after Nov 2012. 

Does this warrant a change to the current correction factor? 



18 

Crosshead Wt Loss 

LTMS Chart=Y Data; 86669-ISM Removed 

Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

ACWL appears mild and more precise when crosshead batch D & E, ISM ASTM filter, or push rod B utilized. 

Does it make sense that any of these hardware changes affect test severity?   

Is test precision due to hardware change or simply a function of the ACWL scale? 

63708-ISM wire mesh 

test filter = ISM A 
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Crosshead Wt Loss 
LTMS Chart=Y Data + Other possible test results 

Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

Current correction factors applied  

The Surveillance Panel decided not to include 86669-ISM, 81547-ISM, & 

90720-ISM in analyses during 9/17/14 conference call. 
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Crosshead Wt Loss 
Is a transformation warranted 

LTMS Chart=Y Data + Matrix Data;  

86669-ISM Removed 

Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

Variances significantly differ;  

no systematic change over ACWL range:  

Differences: 830-2 B & C have larger 

variability than 830-2 D & E 

 

Analysis indicates SQRT(ACWL) or no 

transformation as appropriate 

 

No transformation reasonable since 

change in variability doesn’t depend on 

ACWL scale 
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Crosshead Weight Loss 

LTMS Chart=Y Data; 86669-ISM Excluded 

  

Based on the model, we obtain a CF of ACWL + 3.15 

Correction based on matching average of D & E to LTMS Target 

ACWL with Historical CFs and possible correction applied to Batches D & E 
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Possible CFs for Cross Head Weight Loss Adjusted to 3.9% Soot  

Other possible correction factors could be based on wire mesh test filter changes 

LTMS Chart=Y; 86669-ISM Excluded 

All calculations done in natural units 
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Crosshead Wt Loss 

Precision 

LTMS Chart=Y Data + Matrix Data; 86669-ISM Removed 

Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

Batches D & E have lower 

variability than target 

Adjustment to test precision needs to be done using CWL  

Current historical correction 

factors applied 
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Crosshead Wt Loss 

Possible Precision Estimates 

Where CWL with 

new possible CF:  

Add 3.15 to Xhead Batches D&E 

Standard deviation by Xhead batch & oil Standard deviation by Injector Push Rod & oil 
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Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

Average Sludge Rating 

LTMS Control Charts 

MILD 

Severe 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 

ASR appears slightly severe since Nov 2012.  Does this constitute a correction factor? 

LTMS Targets 
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Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

Average Sludge Rating 

ASR appears slightly severe since Nov 2012.  Does this constitute a correction factor? 

The slightly severe trend in ASR does not line up 

exactly with hardware changes (Xhead is best) 
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Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

Injector Screw Weight Loss 

LTMS Control Charts 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 

Corrected SAIAS has more variability since Nov 2012. 
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Precision Severity

Crosshead Weight Loss 

Adjusted to 3.9% Soot

Borderline lower 

since 2013
Slightly Mild since 2010

Filter Plugging Delta
OK

Bouncing in and out 

mild since 2010

Average Sludge Rating
OK

Slightly severe since 

2012 but probably okay

Injector Screw Weight Loss  

Adjusted to 3.9% Soot

Borderline higher 

since 2013
OK

Injector Screw Weight Loss 

LTMS Chart=Y Data 

The increase in corrected SAIAS variability corresponds with use of injector push rod B 

 

Current 830-2 standard deviation target = 5.7 (LTMS Appendix A) 

Estimated standard deviation prior to the use of injector push rod B = 5.14 

Estimated standard deviation when injector push rod B used = 11.87  
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Additional Topic: 

1. Does the surveillance panel want to pursue an ISB CF analysis? 
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Previous Slides 
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Filter Plugging Delta 

LTMS Chart=Y Data 

 Correction Factor Example: I arbitrarily assumed crosshead batch affects test severity and  

                                                    LTMS chart=Y 

Based on the model, we obtain a CF ln(FPD+1) + 0.231 

Correction based on matching average of D & E to average of M-11 & C 

FPD with possible correction applied to Batches D & E 
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Filter Plugging Delta 

LTMS Chart=Y Data 

 Another Correction Factor Example: I arbitrarily assumed Wire Mesh Test Filters  

                                                                  affect test severity and LTMS chart=Y 

Based on the model, we obtain a CF ln(FPD+1) + 0.2827 

Correction based on matching average of A and ASTM to average of M-11 

FPD with possible correction applied to Batches A and ASTM 
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Transformation: 

If FPD > 30, then sqrt(FPD), 

If FPD < 30, then FPD + 2.94 In graph, only 830-2 ISM A & ASTM adjusted 

             where 2.94 is a possible CF estimate 

FPD 

FPD + 2.94 

Sqrt(FPD) 

This approach needs work if pursued; 1004-3 similar to 830-2 under this CF 

Filter Plugging Delta 

Is a transformation warranted  
LTMS Chart = Y; 86669-ISM removed; Matrix data included 
Piecewise transformation example:  
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Filter Plugging Delta 
Correction Factor Calculation Example 

LTMS Chart=Y Data minus 86669-ISM; 63708-ISM wire mesh test filter = ISM A 

  

FPD with possible correction applied to Batches A and ASTM 

Based on the model, we obtain a CF ln(FPD+1) + 0.3634 

Correction based on matching average of A and ASTM to average of M-11 
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Possible CFs for Filter Plugging Delta 
CFs based on Wire Mesh Test Filter Batches 
LTMS Chart = Y; 86669-ISM removed 

63708-ISM wire mesh test filter = ISM A 63708-ISM wire mesh test filter = ISM ASTM 

If M-11 mesh filter used, then wire mesh test filter indicator = 0 

If A or ASTM mesh filter used, then wire mesh test filter indicator = 1 

63708-ISM wire mesh test filter indicator = 1 



36 

Possible CFs for Filter Plugging Delta 

Other possible correction factors could be based on latest batches of hardware. 

CFs based on Crosshead Batches CFs based on Wire Mesh Test Filter Batches 

63708-ISM wire mesh test filter = M11 EGR 
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Crosshead Weight Loss 

LTMS Chart=Y Data: 86669-ISM Included 

 Correction Factor Example: I arbitrarily assumed crosshead batch affects test severity and 

                                                    test precision is a function of the AWCL scale 

Based on the model, we obtain a CF of ln(acwl) + 0.7665 

Correction based on matching average of D & E to average of M-11 & C 

ACWL with possible correction applied to Batches D & E 
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Possible CFs for Cross Head Weight Loss Adjusted to 3.9% Soot  

Other possible correction factors could be based on wire mesh test filter changes 

or only using crosshead batch E. 

86669-ISM Included 
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Appendix 
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Crosshead Weight Loss Adjusted to 3.9% Soot 
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Crosshead Weight Loss Adjusted to 3.9% Soot 

Original Units 
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Crosshead Weight Loss Adjusted to 3.9% Soot 

Corrected Units 
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Crosshead Weight Loss Adjusted to 3.9% Soot 
CWLyi 

Shewhart Chart for Monitoring Severity 

MILD 

Severe 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 
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Crosshead Weight Loss Adjusted to 3.9% Soot 
CWLRi 

Shewhart Chart for Monitoring Precision 

Action Limit 

Warning Limit 
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Crosshead Weight Loss Adjusted to 3.9% Soot 
CWLRi 

86669-ISM Excluded; CWLRi recalculated 

Shewhart Chart for Monitoring Precision 

Action Limit 

Warning Limit 
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Crosshead Weight Loss Adjusted to 3.9% Soot 
CWLzi 

EWMA Chart for Monitoring Severity 

MILD 

Severe 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 
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Crosshead Weight Loss Adjusted to 3.9% Soot 
CWLzi 

86669-ISM Excluded; CWLzi recalculated  

EWMA Chart for Monitoring Severity 

Severe 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 

MILD 
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Crosshead Weight Loss Adjusted to 3.9% Soot 
CWLQi 

EWMA Chart for Monitoring Precision 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 
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Crosshead Weight Loss Adjusted to 3.9% Soot 
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Filter Plugging Delta 
FPDMSD (86669-ISM Excluded; FPDMSD recalculated) 

MSD Chart for Monitoring Precision 



63 

Average Sludge Rating 



64 

Average Sludge Rating 

Original Units 



65 

Average Sludge Rating 

ASRyi 

Shewhart Chart for Monitoring Severity 

MILD Action Limit 

Action Limit 

Warning Limit 

Warning Limit 

Severe 



66 

Average Sludge Rating 

ASR Ri 

Shewhart Chart for Monitoring Precision 

Action Limit 

Warning Limit 



67 

Average Sludge Rating 
ASR Ri (86669-ISM Excluded; ASRRi recalculated) 

Shewhart Chart for Monitoring Precision 

Action Limit 

Warning Limit 



68 

Average Sludge Rating 

ASRzi 

EWMA Chart for Monitoring Severity 

MILD 

Severe 

Action Limit 

Action Limit 

Warning Limit 

Warning Limit 



69 
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Average Sludge Rating 
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Injector Screw Weight Loss  

Adjusted to 3.9% Soot 
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Injector Screw Weight Loss Adjusted to 3.9% Soot 
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Injector Screw Weight Loss Adjusted to 3.9% Soot 
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Injector Screw Weight Loss Adjusted to 3.9% Soot 
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Injector Screw Weight Loss Adjusted to 3.9% Soot 
IASMSD (86669-ISM Excluded; IASMSD recalculated) 
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