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Data Analyses
• Key is understanding whether the mean performance of 823-1 has changed and is 

different than 823. A change in the mean performance of an oil is different from a 
change in the engine test reflected in the oil performance. Determination of a change in 
performance is made through statistical analyses considering all possible covariates. If a 
change in performance is determined, the oil may be assigned new targets.

• Several analyses were discussed in making recommendations regarding 823-1 targets 
(See Appendix)

• Data sets analyzed 
• all oils from the target reset in 2015 (n=82)
• 823 from target reset in 2015 (n=67)
• 823 from humidity control without lab F and high data point from Lab B (n= 50)

• Additional methods were also considered for determining target means
• Arithmetic mean of 823-1 results
• Arithmetic mean of 823-1 severity adjusted results
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IRPH
There is statistical evidence 
that 823-1 is lower than 823
• The difference between oil 

re-blends (within liner C) is 
statistically significant

• The difference between 823-
1 C&D liners and 823/A liner 
is statistically significant

• The difference between oil 
re-blends across liner 
batches is statistically 
significant

x - target set      + 823-1 
4



823-1 Targets 
and ICF (IRPH)

These targets and ICF 
should be reviewed 
again and updated if 
needed when more 
data is available with 
n=10.
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RO 823-1
Targets

ICF
Mean

Standard 
Deviation 
(current)

IRPH 109.3 11.1 None



KV40
There is some evidence that 823-1 is 
lower than 823
• Some evidence that 823 target 

mean is off
• The difference between 823-1 

C&D liners and 823/A liner is 
statistically significant

• The difference between oil re-
blends (within C&D liners) is not 
statistically significant

• The difference between liners A 
and C&D combined (within oil 
823) is not statistically significant

x - target set      + 823-1 
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823-1 Targets 
and ICF (KV40)

These targets and ICF 
should be reviewed 
again and updated if 
needed when more 
data is available with 
n=10.

Option 1 is assuming the new baseline severity is all runs on Liner 
Batch A. For purposes of updating LTMS, ICF will be applied to liner 
batches C and D.

Option 2 is trying to adjust the test for past severity over multiple 
changes assuming baseline severity of the current RO targets in an 
attempt to avoid affecting future candidate performance. For 
purposes of updating LTMS, ICF will be applied from liner batch B 
forward. 7

RO 823-1

Targets

ICF
Mean

Standard 
Deviation 
(current)

KV40 (sqrt)
Option 1 7.357 0.929 0.347
Option 2 8.139 0.929 0.857



823-1 Targets and 
ICF Options (KV40)
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Mean
Standard 
Deviation Mean Mean-ICF

Current 8.610 0.929 None 74 74
Option 1 7.357 0.929 0.347 54 49
Option 2 8.139 0.929 0.857 66 53

Sqrt KV40 Targets
ICFRO 823-1

KV40



appendix
statistical analyses
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Volvo T-13 - IRPH Parameter
A proposal for 823-1 Target Update

August 2023
E. Santos & T. Dvorak



Proposal

• There is evidence that 823-1 is different from 823
• Update 823-1 target equal to 106
• No change for the standard deviation (11.1)
• Revise targets when there are ten 823-1 tests 
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Introducing current C & D liners: first, with 
oil 823 

Adding C & D liners: with oil 823-1 

No ICF required for liners C or D There is evidence that 823-1 is lower than 823

On target 823-1 has moved down
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125 124.6 125.5

106.4 104.1

Diff. within C liner =18.2 
Diff. within D liner =21.4

Model details:

Model 2: Lab, Liner/Oil, Combining liners C & D Comparing 823 and 823-1 within
 C&D liners
C&D/823 (124.88) vs C&D/823-1 
(105.977) = 18.903
statistically significant – p-value = 0.0131

124.88

105.977

Diff. within C&D 
liners =18.9 

Model 1: Lab, Liner/Oil 

125.02

Liner C/823-1 Predicted 
average from model (Lab, 
Liner/Oil) is equal to 106.44

Liner C&D /823-1 Predicted average value 
from model (Lab, Liner/Oil) is equal to 105.98 13



Data source - Appendix

• Currently, there are 82 T-13 engine tests after fuel flow was adopted. The 
whole data set was used in this analysis
All but one test are Chart =yes, after T-13 target and standard deviation were 

updated (11/2015)
o 111339-T13 validity = NG (donated test) Chart = N was included in the analysis because was 

part of target setting back in 2015
o Lab F (three tests) is also included. These tests were part of the data set used to generate the 

updated target (11/2015) 
o I used liner A for 108334-T13 – this may change according Sean’s feedback
o Exclusions: VGRA tests are Chart = N. (8 tests – PC11 KK, PC11 LL, PC11 Y, PC11 G)
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Appendix: Liner A (47 tests; 4 oils)

Simple average = 
125.089

Liner A/ oil 823 
Predicted average value 
from model (Lab, Oil) is 
equal to 125.620 – 
details are on the 
appendix

823 Current target: 
127.4
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Comparing the labs to lab B – the highest

*Lab B is higher than Lab A and Lab G

* Similar conclusion for sqrt(KV40)

Appendix: Liner A (47 tests - 35 tests for 823 and 12 tests other oils; 4 oils)

823/liner A average and standard deviation 
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823-1
Lab sqrt(kv40)
 D2 6.863
 G1 6.964
 A4 6.411
 B3 7.987
 G2 6.738

average 6.993

17



Volvo T-13 - KV40 Parameter
A proposal for 823-1 Target Update

August 2023
E. Santos & T. Dvorak



Option 1

• 823-1 Target Update equal to 7.357
• ICF for C and D liners equal to 0.347
• No change for the standard deviation
• Update target when there are ten 823-1 tests 
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Introducing current C & D liners: first, with oil 823 Adding oil 823-1… target seems to have changed

823-1 has moved down

8.61 8.61

7.9 
liner A 
mean

7.9

The impact of changing from A to C&D liners, within 
oil 823, is shown in the next slide 

The impact of changing from 823 to 823-1, within C&D 
liners, is shown in the next slide

All the data after fuel flow control (N=82) – all available data (since 03/2015)

Liners C and D have moved down
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6.996
7.55

7.883
7.499

Impact of changing liners:
A/823 to C/823 => 7.883 – 7.55=0.333
A/823 to D/823 => 7.88-7.499= 0.384

What are the sources of change seen in the data? How much is due to the oil re-blend? 
How much is due to the liners? 

*The values added to the left side plot (from model 1/ table 1, slide 6) are estimated values from model 1 (Lab, Liner/Oil). It shows C and D liners are separated
-Option 1 combines liners C&D (model 2/table 2, slide 6), right side plot

Impact of changing from 823 to 823-1 
Within C liner: 7.55 – 6.996 =0.554
Within D liner: 7.499- 7.066= 0.433

8.61

Combining C&D liners – moving forward combining liners

7.883 7.536
7.066 7.010

C and D liners are separated

8.61

Impact of changing liners:
A to C&D/823 => 7.883 – 7.536 =0.347

Impact of changing from 823 to 823-1 
Within C&D liner: 7.536 – 7.01 =0.526

C&D liners ICF

Target update

Impact of overestimated target, an example:
Compare C/823 (7.55) to current 823 target (8.61) 
=> 8.61 – 7.55 is 1.06 (but the data says that only 0.333 is due 
to parts). Note that the oil has not changed yet…
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All the data after fuel flow control (N=82) – all available data

 The bias is equal to 0.727 (transformed scale) 
 8.61- 0.727 = 7.883 (62.1 original scale) is the 

actual Liner A/823 severity
 0.727 is equivalent to 12 (original scale) at 8.61 

(74.1 original scale)

 The change in the T-13 reference oil provides an 
opportunity to discuss different views about updating 
targets, in the presence of large bias 

 Change in parts are corrected by ICFs 
 Change in reference oil re-blends are corrected by 

updating targets 
 Where does the bias, in this case 0.727, belong to?

o Option 1 proposes eliminating the bias

Option 1

A to C A to C&D C C&D combined

0.333 ICF= 0.347 0.554 target update =0.526

Predicted value for C&D/823-1 7.01

New Target for 823-1 (C&D liners)
7.883-0.526=7.357  or    

7.010+0.347=7.357

Based on the actual Liner A/823 severity => 7.883

Liner change within 823 Oil Change within liner

823-1 Target Update equal to 7.357                           
ICF for C&D liners equal to 0.347                                
No change for std deviation                                
Update target when there are ten 823-1 tests

Based on current target => 8.61

A to C A to C&D C C&D combined

0.333 0.347 0.554 0.526

Current target: 8.61

New Target for 823-1 8.61-0.526 =  8.084
Predicted value for C&D/823-1 7.01

8.084 - 7.01= 1.074 but 
only 0.347 is due to 
parts change

1.074-0.347=0.727

Difference between New Target for 823-1 
and predicted value for C&D/823-1 =1.074

Bias: NOT due to C&D liner or re-
blend changes

Liner change within 823 Oil Change within liner
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Model details:

6.996

7.55

7.066

7.883
7.499

Model 2: Lab, Liner/Oil, 
Combining liners C & D

Model 1: Lab, Liner/Oil 

7.536

7.010Comparing 823 and 823-1 within
 C&D liners
C&D/823 (7.536) vs C&D/823-1 
(7.01) = 0.526
Not statistically significant

7.883

Table 1

Table 2

Impact of changing liners:
A to C => 7.883 – 7.55=0.333
A to D => 7.88-7.499= 0.384

Impact of changing from 823 to 823-1 
Within C liner: 7.55 – 6.996 =0.554
Within D liner: 7.499- 7.066= 0.433

C and D liners are separated
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Appendix: Option 1
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4. Why bring up 823/ Liner A target? 

5. The difference due to change in liners: A/823 (7.883) and 
C/823 (7.55) is equal to 0.333 –The difference is not 
statistically significant - p-value =0.40

5. Comparing C/823 equal to 7.55 to current 823 target (8.61), 
the difference will be 1.06 (but the data says that only 
0.333 is due to parts) and the oil has not changed…

T-13 sqrt(kv40) has been off target from the 
beginning 

1. Below is all batch A liner tests: Only 4 tests out of 35 are higher than the 
current 823 target (8.610)

2. The simple average of Liner A/823 is 7.899 ~7.9
3. The predicted value for Liner A/823 from model (Lab, Liner/Oil) is 7.883 ~7.9

823 Current target
8.61

7.9 => liner A mean

7.9 is also the predicted 
value for 823/ Liner A 
according to the model 
Lab, Oil 

N=6 

N=35

0.33

823 only

Part change
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6. How about 823-1? The predicted value for Liner C/823-1 
from model (Lab, Liner/Oil) is 6.996 ~7

C/823  =>7.55

C/823-1 => 6.996

Target=>8.61

A/ 823 =>7.9

Parts change ONLY 
A/823 (7.9) vs C/823 
(7.55) = 0.333
not statistically significant

Parts & oil change
A/823 (7.9) vs C/823-1 
(6.996) = 0.8867

Oil change
C/823 (7.55) vs C/823-1 
(6.996) = 0.5537
not statistically significant

Adding meaning to how large 0.55 is: The difference between 
Liner A (35 tests) and liner B (22 tests) which seems of practical 
and statistical significance is equal to 0.6288. (p-value of 0.0125) – 
not shown here.

The difference between C/823 (7.55) vs C/823-1 (6.996) is equal 
to 0.5537, away from 0.6288 by 0.0751. 

The smaller sample size associated to liner C (6 tests for 823 and 4 
for 823-1) causes power (probability of detecting a difference 
when there is one) to be low. 

N=4 N=6 

N=35 

0.55
0.33

Part change Oil change
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7. The plot below, adds D liner tests to the previous plot. The changes from previous slides are small.

8. When analyzing IRPH data, there is strong evidence that 823-1 has changed. For kv40 the evidence is weaker, but 
there is a clear trend. 

9. Option 1: Update 823-1 target to 7.357 by adding the predicted value for C&D/823-1 (7.01) and the difference 
between A and C&D liners (0.347). Add an ICF for C and D liners equal to 0.347. Keep current standard deviation. 
Update target when there are ten 823-1 tests 

Oil change combining C&D liners
C&D/823 (7.536) vs C&D/823-1 (7.01) 
= 0.526 
not statistically significant

C&D/823  =>7.536

C&D/823-1 => 7.01

Target=>8.61

A/ 823 =>7.9

N=4 N=6 N=35 N=2 N=1 

0.526
0.347

A to C&D 
Part change Re-blend change

Part and oil changes refer to C&D 
liners combined
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Data source - Appendix

• Currently, there are 82 T-13 engine tests after fuel flow was adopted. The 
whole data set was used in this analysis (all available data since 03/2015)
All but one test are Chart =yes, after T-13 target and standard deviation were 

updated (11/2015)
o 111339-T13 validity = NG (donated test) Chart = N was included in the analysis because was 

part of target setting back in 2015
o Lab F (three tests) is also included. These tests were part of the data set used to generate the 

updated target (11/2015) 
o I used liner A for 108334-T13 – this may change according Sean’s feedback
o Exclusions: VGRA tests are Chart = N. (8 tests – PC11 KK, PC11 LL, PC11 Y, PC11 G)
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823-1 Lab sqrt(kv40)
 D2 6.863
 G1 6.964
 A4 6.411
 B3 7.987
 G2 6.738

average 6.993
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Model 2: Lab, Liner/Oil – additional comparison 

Parts & oil change combined 
A/823 (7.8832) vs C & D/ 823-1 (7.01) = 0.8732 
 
Contrast: Test Detail 
 
A/ PC11B 0  
A/ PC11D 0  
A/ PC11E 0  
A/823 1  

B/823 0  
C & D/823 0  
C & D/ 823-1 -1  
Estimate 0.8732  
Std Error 0.415  
t Ratio 2.1044  

Prob>|t| 0.0389  
SS 3.272  
Lower 95% 0.0458  
Upper 95% 1.7006  

 
 

SS NumDF DenDF F Ratio Prob > F  
3.272 1 71 4.4284 0.0389*  

 



T-13 Severity Review
by Travis Kostan



Industry Control Charts
Both parameters are in an action alarm on the mild side. 

Peak Height IR KV40 % Increase

*Chart as of 08/02/2023
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Early Target Change
Targets were changed for both parameters six months into the test life after evaluating new data on fuel flow 
control tests in November 2015, and have been in place since (approximately 8 years).
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General Statement

Changing reference oil targets for any reason that is not unique to the reference oil alone (typically reference oil 
re-blend) will change candidate pass/fail probability.  Therefore, to change targets for 823 by any amount or for 
823-1 by an amount other than the difference between an 823 and an 823-1 test run today on the same 
hardware will treat candidates differently moving forward than they have been treated for the past 8 years.

In the following slides we explore 3 cases of issues which may affect severity:
• Incorrect precision matrix targets.
• A change to the test procedure of critical hardware component.
• A reference oil re-blend.

33



A Hypothetical Case…

Consider a test with the following 
characteristics:

• A critical rating parameter with a pass/fail 
limit of 8.5 merits.

• There is some candidate oil right at the 
pass/fail limit (50% probability of pass).

• We observed reference oil data during the 
precision matrix near the pass/fail limit 
which gets an LTMS target mean of 8.7.

34



Case 1: Impact of Incorrect PM Target Setting

There is often error in estimation in PM targets due to 
small sample sizes. What if the true mean of the reference 
oil was in fact 8.9 and not 8.7?

• Average severity adjustment will be -0.2 merits.  
• Assuming nothing about the test has changed and the 

error was only due to estimation error caused by 
limited data on the reference oil, the candidate oil 
would still have the same performance level.  

• This means all candidates will now on average be 
adjusted downward incorrectly by 0.2 merits, making 
it harder to pass the test. The reverse is also true.  If 
the true mean is on the severe side of the PM target, 
candidates would more easily pass the test.

This highlights the importance of revisiting the PM target 
early on.  A MAJOR assumption is that nothing about the 
test severity has changed, and that the difference in 
reference oil performance is due to estimation error only.  

= application of severity adjustment

PPM = Post Precision Matrix
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Case 2:  A Change to the Test Procedure or Critical Hardware

If there is a change to the test procedure or critical 
hardware component that causes the reference oil 
performance to change, we expect candidate 
performance to change by the same amount.

Below are 3 options one might consider for dealing 
with this situation.
1. Do nothing and let it be handled with severity 

adjustments.
2. Apply an industry correction factor to 

reference oil results and candidate results.
3. Update the reference oil targets to match the 

new performance of the reference oil.

Only the following slides we explore the impact of 
making each of these choices.
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Case 2:  A Change to the Test Procedure or Critical Hardware

Solution #1: Do nothing and let it be handled 
with severity adjustments.

• Eventually keeps the test in parity for 
candidates but may take a long time for 
severity adjustments to catch up (see below).

• May cause labs to struggle with calibration if 
the shift is too far away from the original 
targets.

= application of severity adjustment

Time Period Yi Result Lab Zi

Pre-Change 0 0.00

Post-Change 1 0.30

Post-Change 1 0.51

Post-Change 1 0.66

Post-Change 1 0.76

Post-Change 1 0.83

Post-Change 1 0.88
Severity Adjustment Standard Deviations
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Case 2:  A Change to the Test Procedure or Critical Hardware

Solution #2: Apply an Industry 
Correction Factor (ICF).

• Keeps the test in parity for candidates 
immediately without a time lag.

• Helps return labs to proper calibration 
success probability.

• Should be monitored to ensure 
reference oil is still in a range to 
appropriate represent candidate 
performance.
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Case 2:  A Change to the Test Procedure or Critical Hardware
Solution #2: Apply an Industry 
Correction Factor (ICF).

Question: What if we don’t have 
enough data and our calculated ICF is 
slightly off, or we associated it with 
the wrong test factor?

Answer: Almost no practical impact!
• Small miscalculations will cause minor 

changes in lab calibration pass/fail 
probabilities.  

• Since ICFs are applied to references and 
candidates, the error will be seen in 
both, so severity adjustments will make 
up the difference.  Larger errors would 
have some lag time, but as long as 
estimation with ICF is better than doing 
nothing, this method will be better 
than SA’s alone. 

= application of severity adjustment

Data here represents 
an over-correction of 
0.1 merits by the ICF.
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Case 2:  A Change to the Test Procedure or Critical Hardware

Solution #3: Update the reference 
oil targets.

• This option ignores the fact that 
the candidate data is expected 
to move similar to the reference 
data.

• Once we update the reference 
oil target, the change in 
performance of the candidate oil 
will no longer receive proper 
severity adjustments.

• This will make the test either 
harder or easier for candidates, 
depending on the direction.
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Case 3:  A Reference Oil Re-blend

A change seen due to a reference 
oil re-blend would not change 
candidate performance.  
Therefore, in this situation, one 
should update the targets, but 
only for the difference due to the 
re-blend itself.  Failure to do so 
would also change candidate 
pass/fail probability.

= application of severity adjustment
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Case 3:  A Reference Oil Re-blend

A case similar to the T-13 is that 
there is both a severity issue and 
a reference oil re-blend.  One 
should not attempt to fix both 
problems with a target update.

= application of severity adjustment
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Turning to T-13 Data…
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Analysis Begins with Fuel Flow Control Adoption

The change to fuel flow control from torque control is not expected to have only impacted the reference oil, but 
also candidates.  Therefore, a correction factor may have been more appropriate than a target update if there was 
any intention to keep candidate results in parity with data prior to the change.  However, we skip over this change 
due the number of confounding factors trying to estimate how a candidate may change over that time period.  
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KV40
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Analysis Begins with Fuel Flow Control Adoption
A quick inspection reveals that there appears to have been a shift in the middle of the Batch A liners

Data shift around this point.
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Analysis Begins with Fuel Flow Control Adoption

New targets

• Removed Lab F (3 data points, high 
variability), along with high data point 
from Lab B.

• Removed Lab D (1/3 of data during 
severity transition).
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Analysis Begins with Fuel Flow Control Adoption
The following data was used to determine initial performance of 823 during batch A liners prior to the shift.
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Batch A Model

The Lab effect was not significant in the model, so it was removed and re-run.  In either case, the 
expected performance of Batch A prior to the shift is either 8.21 or 8.19 (vs. a target of 8.61).  The 
impact of this mis-estimation for 823 targets would have been an expected disadvantage to candidates 
by 0.40.

Model with Lab Model without Lab

• A candidate at the CK-4 pass/fail limit of 75 would be expected to be adjusted upward to 82.1%.
• This also means the effective limit would be 68.2%.
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The Current Severity Level

• The remaining data was 
also labeled as post. Only 
“post” data used.

• Lab E removed again.

• High Lab B result 
removed again.

• Lab D single data point 
during severity transition 
also removed.
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The Current Severity Level

Liner batches have been 
fairly consistent since the 
severity change during 
Batch A, other than a few 
low results during Batch B.
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The Current Severity Level

• Liner batch and lab are not significant in 
the model.

• Slight drop from A going into B and C 
liners.  Recommend using 7.47 as 
expected current performance level 
of 823 (average prediction on C Liners 
for all 4 labs).

• This would mean a correction factor 
of 1.14.

• Recommend lower target for 823-1 by 
0.45, for a new target of 8.16.

• Update standard deviation to 0.485.
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KV40 Summary

• Initial target setting data appears to have been off by 0.40 in transformed units.  This would have 
initially put candidates with about a 7% disadvantage at the pass/fail limit.  However, to account for 
this error now (subtract 0.40 from proposed ICF and subtract 0.40 from proposed target for 823-1) 
would mean treating candidates differently moving forward than they have been treated for the past 
8 years.

• Recommend an industry correction factor of 1.14.

• Recommend the target for oil 823-1 be 8.16.

• Update standard deviation to 0.485.
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IRPH
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Analysis Begins with Fuel Flow Control Adoption
IRPH data appears stable other than lower performance with Batch B liners.

New targets
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Batch A Only
IRPH data appears stable over Batch A.  Lab F removed again.
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Batch A Model

Average of 4 labs LS means is 127.8, nearly identical to the current target of 127.4.
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The Current Severity Level

All of the data shown here 
was used to determine the 
current severity level of 823 
and to estimate the 
difference in the re-blend.
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The Current Severity Level

• Liner batch and lab are not significant in 
the model.

• Slight drop in B liners and similar 
performance for A, C, and D.  Average 
prediction for C or D liners with 823 is 
124-125.  No ICF recommended.

• Recommend lower target for 823-1 by 
17.9, for a new target of 109.5.

• RMSE of model with factors Oil 
and Liner (Liner B removed) is 
11.3 (vs. 11.1 in LTMS), so no 
major need to update.
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IRPH Summary

• Initial target appears appropriate.

• No ICF recommended.

• Recommend the target for oil 823-1 be 109.5.

• Standard deviation of 11.1 can be retained or updated to 11.3.
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Summary of All Recommendations.

Parameter 823 Target 823-1 Target ICF Standard Deviation

KV40 Keep Current 8.16 1.14 0.485

IRPH Keep Current 109.5 None 11.3 or Keep 
Current

Below are the summary of recommendations for both parameters, along with the current 823 LTMS targets.
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T13 Analysis
Jo Martinez

Chevron Oronite
Aug. 3, 2023



Recommendation

• New 823-1 Target for IRPH:    109.3

• 823-1 ICF for KV40:    1.328

• Compromise for KV40
• 823-1 Target:     8.139
• 832-1 ICF:           0.857
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IRPH Data n=67

x – target setting (n=6) 64



Recommend new 823-1 Target for IRPH

• comparing 823 (n=6) and 823-1 
(n=4) with batch C

• difference = 20.4 
• p-value=0.0384

• New Target for 823-1:   109.3
• Based on the model with equal 

weights for labs A, B, D, G
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KV40 Data n=67

x – target setting (n=6) 66



Recommend 823-1 ICF for KV40

• comparing 823 (n=6) and 823-1 
(n=4) with batch C

• difference =0.4709 
• p-value=0.44

• ICF for 823-1:   1.328
• Prediction for 823-1: 7.282

• Based on the model with equal 
weights for labs A, B, D, G

• ICF = 8.610 – 7.282 = 1.328
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Compromise
823-1 new target and ICF for KV40

• comparing 823 (n=6) and 823-1 
(n=4) with batch C

• difference =0.4709 
• p-value=0.44

• New target:    8.139
• Current 8.610 – 0.471 = 8.139

• ICF for 823-1:   0.857
• Prediction for 823-1: 7.282

• Based on the model with equal 
weights for labs A, B, D, G

• ICF = 8.139 – 7.282 = 0.857
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other methods
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823-1 means and standard deviations (n=5)

70



Means using severity adjusted results
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