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Summary
• No significant linear correlation between oil consumption and IRPH or KV40.

• Updated targets and ICF for RO 823-1

• Recommend freezing the targets with n=12
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Mean s Mean ICF s
823 127.4 11.1 8.61 0.929
823-1 (n=5) 109.3 11.1 8.139 0.857 0.929
823-1 (n=12) 110.5 11.1 8.50 1.07 0.929

sqrt KV40IRPH
T-13 targets



Data
• Data was analyzed with the same models as when targets were set for 823-1 so this 

analysis is updating the 823-1 data with n=12

• Note that some testkeys in the LTMS database were not corrected for KV40 with 
ICF=0.857

• TK 158057 – Lab B
• TK 158885 – Lab B
• TK 166371 – Lab B
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No significant linear correlation between 
IRPH or KV40 and Oil Consumption
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IRPH
There is some evidence that 
823-1 is lower than 823
• The difference between oil 

re-blends (within liners C 
and D) is marginally 
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
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823-1 Targets 
and ICF (IRPH)

• The new mean target for RO 
823-1 is 110.5 based on 
current data with n=12.

• The current standard deviation 
is still appropriate.

• No ICF for IRPH.
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RO 823-1
Targets

ICF
Mean

Standard 
Deviation 
(current)

IRPH
current (n=5)
update (n=12)

109.3
110.5

11.1
11.1

None
None



KV40
There is some evidence that 
823-1 is lower than 823
• The difference between 823-1 

C&D liners and 823/A liner is 
marginally 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
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823-1 Targets 
and ICF (KV40)

• The new mean target for RO 
823-1 is 8.50 and ICF=1.07 
based on current data with 
n=12. 

• ICF is to be applied for tests 
moving forward, not 
retroactive.

• The current standard deviation 
is still appropriate.
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RO 823-1

Targets

ICF
Mean

Standard 
Deviation 
(current)

KV40 (sqrt)
current (n=5) 8.139 0.929 0.857
update (n=12) 8.50 0.929 1.07



appendix
statistical analyses
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T-13 RO Target, ICF and OC 
Review

Jo Martinez
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IRPH data (n=74)



IRPH data (n=74)



Recommend new 823-1 target for IRPH

• Comparing 823 and 823-1 with 
liners C and D 

• difference is 11.2
• p-value=0.14

• New target for 823-1: 110.5
• Based on the model with equal 

weights for labs A, B, D, G



KV40 data (n=74)



KV40 data (n=74)



Recommend new 823-1 target and ICF for 
KV40

• Comparing 823 and 823-1 with 
liners C and D 

• difference = 0.11
• P-value=0.82

• New target for 823-1: 8.50
• Current 8.61 - 0.11 = 8.50

• ICF for 823-1: 1.07
• Prediction for 823-1: 7.43

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

• ICF: 8.50 – 7.43 = 1.07



Targets Summary

Mean s Mean ICF s
823 127.4 11.1 8.61 0.929
823-1 (n=5) 109.3 11.1 8.139 0.857 0.929
823-1 (n=12) 110.5 10.4 8.50 1.07 0.642

T-13 targets
IRPH KV40



IRPH residual plots by OC show no significant 
linear correlation



KV40 residual plots by OC show no significant 
linear correlation



LTMS target evaluation
Todd Dvorak



IRPH

22



KV40
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Classified as Confidential

T-13: Exploring the Impact of High Oil Consumption 
on Oxidation and Viscosity increase before starting
new reference oil testing

6/11/2024

Elisa Santos

Stats Group is reviewing



Classified as Confidential

Outline
• Plots

• 11 tests: IRPH & sqrt(KV40) vs. OC (48-192 hr.) by Liner
• 11 test results (823-1 limited data): Oxidation and Viscosity Increase vs. Time by Liner
• Correlation between IRPH and OC
• Correlation between KV40 and OC 

• Modeling IRPH (11 tests) by Lab and OC (48-192 hr): OC (48-192 hr) is not statistically significant

• Modeling Sqrt(KV40) (11 tests) by Lab and OC (48-192 hr): OC (48-192 hr) is not statistically 
significant

• Comparing Oil consumption “before the recent increase” versus “recent 11 tests”

• sqrt(KV40) & IRPH: a few thoughts 
• Current 823-1 target is based on five tests: four tests on liner C and one test on Liner D
• Recent data could (should?) be used to update the 823-1 target and standard deviation
• However, most Liner D testing (5 out of 7) were done with parts associated with the recent increase in oil 

consumption
• Parts are believed to be causing high OC
• Correction factors should correct for parts change

• Appendix: looking into OC (48-96 hr)



Classified as Confidential

IRPH & sqrt(KV40) vs. OC (48-192 hr) by Liner

Be careful with liner labels 
Last time, before tests were run, Liners 
we swapped from D to C 



Classified as Confidential

11 test results (limited data): Oxidation and Viscosity 
Increase vs. Time by Liner

109.3 (target)

8.139 (target)

Letters correspond to Labs

Fact: Most Liner D testing (red 
markers; 5 out of 7) were done with 
parts associated with the recent 
increase in oil consumption

Based on these 11 tests:
• except for one test from Lab D, the 

recent increase in OC does not 
seem to be associated with an 
alarming increase in IRPH or KV40

• However, recent testing has been 
on target (one test) or above 
target (four tests)



Classified as Confidential

Correlation between IRPH and OC is very weak
Correlation between KV40 and OC is very weak

Excluding test with high OC (186388) from Lab DIncluding all tests (11)

Letters correspond to Labs



Classified as Confidential

Modeling IRPH (11 tests) by Lab and OC 
(48-192 hr): OC (48-192 hr) is not 
statistically significant

We have reached similar conclusions when 
replacing OC (48-192 hr) by  OC (48-96 hr)

IRPH distribution (823-1)



Classified as Confidential

Sqrt(KV40) distribution (823-1)

Modeling Sqrt(KV40) (11 tests) by Lab and 
OC (48-192 hr): OC (48-192 hr) is not 
statistically significant

We have reached similar conclusions when 
replacing OC (48-192 hr) by  OC (48-96 hr)



Classified as Confidential

Oil consumption distributions (59 tests) after Fuel 
flow/ humidity control: 6 out of 59 tests with OC 
>30
• excluding two tests from lab F from 2016
• Excluding the most recent tests on 823-1 listed 

below

TESTKEY OC(48-192 hr)
179972-T13 31.2
181571-T13 33.9
185298-T13 33.3
179973-T13 21
187293-T13 31.3
186388-T13 38.3
188349-T13 28.3

Recent 11 tests on 823-1 
5 out of 11 tests with OC >30

Comparing Oil consumption 
“before the recent increase” versus 
“recent 11 tests” 

The analysis of “after fuel flow/ humidity control”   
T-13 subset has not revealed anything new about 
the impact of OC into IRPH or KV40



Classified as Confidential

Mean and standard deviation (10 tests), excluding 
test 186388/ Lab D (OC (48-192 hr) =38.3)

sqrt(KV40) & IRPH – Potential 823-1 Target & Standard Deviation 

Mean and standard deviation (11 tests)

Currently, Parts are 
believed to be causing 
high OC

These are the available 
tests (confounded with 
liner D)

Correction factors should 
correct for parts change

Current target was based 
on only five tests



Classified as Confidential

sqrt(KV40) & IRPH

Current targets and standard deviations 



Classified as Confidential

Appendix
Modeling IRPH and sqrt(KV40) with and without Lab in the model replacing OC (48-
192 hr) by  OC (48-96 hr)



Classified as Confidential

Modeling IRPH (11 tests) by Lab 
and OC (48-96 hr):

OC (48-96 hr) is not statistically 
significant



Classified as Confidential

Modeling sqrt(KV40) (11 tests) by 
Lab and OC (48-96 hr):

OC (48-96 hr) is not statistically 
significant



Classified as Confidential

Replacing OC (48-192 hr) by OC (48-96) hr: same conclusion



Classified as Confidential

Replacing OC (48-192 hr) by OC (48-96) hr: same conclusion



Classified as Confidential
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