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Data available from 2nd prove out runs 
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Data collection 

•  2nd prove out tests ONLY (Table below organized by Kevin O’Malley). 18 test results 

 

 

 

 

 

 

 

 

 

 

 

• Aeration %: AVG aeration % using actual D4052 BL 

• SwRI OS at 380 hours tests is missing the Si at 1 hr. To be able to use this data in the 
model assumed that Si 1 hour = 3. The other two OS runs are, respectively,   IAR OS Si 1 
hr = 2 and Lz OS Si 1 hr = 4. Si 1 hour = 2 or 3 does lead to similar conclusions. 

• Definition: Si delta= Si EOT – Si 1hr 

• Confounding: LZ Lab and high Si delta 

Additional Prove Out Testing (Finished Tests and Planned Tests)

Prove Out 

Phase Phase Label Lab Oil

Start of 

test 

engine 

hours Si 0hr Si 1hr Si 5hrs Si 25hrs Si 50hrs

Actual 

D4052 

@90C

% Aeration 

(using Actual 

D4052 

baseline 

density) DvT slope

2 103 kPa Plus LZ OS265386T 88 7 18 27 37 52 0.82545 16.91 -0.00062554

2 103 kPa Plus LZ 1005-4 142 6 5 7 12 15 0.83594 14.2283 -0.00062896

2 103 kPa Plus LZ HA 194 6 4 4 10 12 0.82822 13.6702 -0.00062436

2 103 kPa Plus LZ 1005-4 247 7 5 6 10 15 0.83598 14.4685 -0.00062946

2 103 kPa Plus LZ OS265386T 299 7 4 6 7 10 0.82559 11.7516 -0.00062546

2 103 kPa Plus LZ OS265386S

2 103 kPa Plus LZ LA

2 103 kPa Plus ICES OS265386T 94.8 5 4 5 10 14 0.8257 14.0018 -0.00062

2 103 kPa Plus ICES HA 147.4 5 3 4 7 10 0.8279 14.3628 -0.00062

2 103 kPa Plus ICES 1005-4 200.1 6 4 5 6 8 0.8360 14.2367 -0.00063

2 103 kPa Plus ICES HA 254.19 5 3 4 6 8 0.8279 13.9304 -0.00062393

2 103 kPa Plus ICES OS265386T 307.7 5 2 3 4 6 0.8257 12.2949 -0.00062268

2 103 kPa Plus ICES LA 362.4 14 10 10 11 12 0.8310 8.5732 -0.000615

2 103 kPa Plus SwRI OS265386T 87 5 6 8 12 15 0.8257 13.7206 -0.00062321

2 103 kPa Plus SwRI HA 129 5 3 4 6 9 0.8278 13.8787 -0.00062357

2 103 kPa Plus SwRI 1005-4 180 5 3 4 5 7 0.835 13.1022 -0.00062714

2 103 kPa Plus SwRI HA 280 5 3 3 5 6 0.8278 13.4166 -0.00062357

2 103 kPa Plus SwRI 1005-4 330 6 3 3 4 5 0.835 12.5167 -0.00062714

2 103 kPa Plus SwRI OS265386T 380 8 3 4 5 0.8257 12.2329 -0.00062321

2 103 kPa Plus SwRI LA 430 14 9 9 10 10 0.8305 8.65 -0.000625

The two highlighted  

% Aeration values differ 

by 0.01 from the values 

used in this analysis. 

The small discrepancies 

are being investigated 

but will not impact the 

conclusions 
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2nd Prove out phase after operation conditions were 
controlled: Avg aeration % using actual D4052 BL 
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Model 1 and corresponding statistically significant 
differences between oils 

• Avg aeration % using actual D4052 BL = f(Oil, Si delta (EOT – 1hr)) 

• Lab not included in the model because of confounding with Si delta 

• Statistically significant differences between oils 

– HA from OS, LAD-1 

– TMC1005 from OS, LAD-1 

– All four oils from LAD1 

 

 

Oil Ranking by Estimated Aeration % 

Oil Comparison at Avg Si delta 

Variability 
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Correction for excess Si delta (EOT -1 hr) 

• Goal: Remove from the observed % aeration, the estimated portion of aeration 

due to Si delta (EOT -1hr) >2, so that the data can be visualized simulating Si 

passivation 

• Corrected Aeration = Avg aeration % using actual D4052 BL – beta (Si delta 

EOT – 1 hr) - 2),  

0.5 

Total: 18 tests 

4 tests – no correction 

7 tests – correction <= 0.5% 

3 tests – correction < 1% 

3 tests – correction = 1% 

1 test   – correction = 4% 

where beta is the regression  

coefficient for Si delta (EOT – 

1hr) in the model.  

For model 1, beta =0.1255463  

(see page 6, under 

Parameters Estimates.  
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Correction for Si delta (EOT – 1 hr.) < 3 

Before After 

Test labels represent the Si delta (EOT – 1 hr.) 

Tests without a number are considered passivated (<3) 

Capital letters at the bottom of the plot show the oil ranking wrt aeration 

Different letters represent statistically significant different oils wrt aeration 

A A A,B B C A A A B C 
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Models 2 and 3 

• Model 2, in the appendix, for n=17 after excluding OS Shakedown run from Lz 

lab show similar separation between oils when compared to model 1 

• Model 3: Fits the Corrected Aeration % by Lab and Oil 

– Oil Ranking by Estimated Aeration % is similar to the ranking obtained for model 2, but 

now there is a statistically significant difference between OS and all the other oils  

– There is no evidence that the labs are different  

 

 

Oil Ranking by  

Estimated Aeration % 
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Summary 

• According to model 1 (and model 2 in the appendix), the statistically significant 

differences between oils are the following 

– HA from OS, LAD-1 

– TMC1005 from OS, LAD-1 

– All four oils from LAD1 

 

• Based on the analysis of Si delta (EOT -1hr) corrected data (model 3),  

• There is no evidence that labs are different.  

• Oil Ranking by Estimated Aeration % is similar to the ranking obtained for models 1 and 2, but now 

there is a statistically significant difference between OS and all the other oils  

• The repeats within labs are somewhat closer after the correction is applied (see table 1 below) 

 

 Table 1: 2nd prove out repeats 
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APPENDIX 
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Model 1: Avg aeration % using actual D4052 BL 
 by Oil and Si delta (EOT- 1hr.) 

Did not include Lab in the model because of  

correlation with Si. Lz Lab correlated with High Si. 

Regression coefficient for Si delta used in the 

Si delta correction 
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Model 2: n=17 after excluding OS Shakedown run 
from Lz lab 

Did not include Lab in the model because of  

correlation with Si. Lz Lab correlated with High Si. 

Regression coefficient for Si delta close  

to original coefficient with full data set 
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Model 3: Corrected Aeration % by Lab and Oil 

Oil Comparisons  

No evidence of difference  

among labs 
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2nd prove out runs: Before and After the 
correction 

Si delta=2 

Si delta=1 

Before After 
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Aeration % by Prove out phase and Lab  
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AVG aeration % using actual D4052 BL vs. Si 
delta by Lab 
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Another correction for Si delta (EOT – 1 hr.) < 3 

Before After 

Test labels represent the Si delta (EOT – 1 hr.) 

Tests without a number are considered passivated (<3) 

Capital letters at the bottom of the plot represent the oil ranking wrt aeration 

Different letters represent statistically significant different oils wrt aeration 

A A A,B B C A A A,B B C 
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Including all 18 tests results 
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Eliminating the  Lz OS shakedown test 
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