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ISB Correction Factor and RO Blend Target Review

(:

® Executive Summary:

® Use reference oil test data that corresponds with all hardware

Camshaft-Tappet batches to generate targets and CFs

® Recommended Correction Factor is Multiplicative with a value of
0.77 tor “LE” Camshaft-Tappet Hardware

e Revised reference oil target for 831-3|4is52.4

e Revised Standard Deviation Target for Reference Oil 831-3|4is 9.2
Currently itis 8.7

e Revised Severity Adjustment Standard deviation is 8.5
Currently itis 8.7
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ISB Correction Factor and RO Blend Target Review

e Current testis showing has been trending severe of target

since January of 2017

* Severity trend continues following the Correct Factor update

in October of 2017
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ISB

April 21, 2011

October 18, 2017

All tests using
batch B tappets
with batch E. F,

and G cams

Multiply ATWL by 0.637:
IAdd -9.5 to ACSW

December 11, 2011

November 12, 2012

All tests using
batch C tappets
with batch H cams

Multiply ATWL by 0.637:
IAdd -9.5 to ACSW

November 13, 2012

October 18, 2017

All tests using
batch C tappets
with batch H and J
cams

Multiply ATWL by 0.711:
Add -5.6 to ACSW

None

October 18, 2017

All test using batch
D tappets and batch|
K cams

Multiply ATWL by 1:
Add -11.3 to ACSW

October 19, 2017

Fkok

All tests using
batch K cams with
batch D tappets
and batch E
crossheads

Multiply ATWL by 0.7851;
Add -18.5 to ACSW
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ISB Correction Factor and RO Blend Target Review

® [ssues related to reference oil 831X re-blends:
® Data suggests a ~1.0 cSt difference between 831(PC10B) & 831-4
® Feedback from Supplier/TMC indicates RO831-3 |4 can be

combined
155 V100NEW vs. RefOil V100 New
o . ’;‘ RefOQil Mean Stdev N
: E PC10B(831) | 14.865 0.145 17
G

. 831-1 14.625 0.173 25
£ VI0ONEW

ofes e

— 831-2 14.660 0.082 23

' - 831-3 14.021 0.050 15
seses 831-4 13.941 0.049 9
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' PC10B(831) 831-1 831-2 831-3 8314
RefOil
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e What are the tested hardware & reference oil blend combinations?
Plot of Camshaft and Tappet Hardware by Reference Oil batch is shown below

Initial Cam/Tap batch (PM phase) AA hardware tested with Reference oils 830-2,
PC10B, and PC10E

Recent hardware batches JC, KD, and LE tested with RO 831-1, 831-2, & 831-3 |4
Correction Factor Proposal corresponds to hardware & Ref Qil data for Model 19M

Cam_Tap_BID vs. RefQil
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“on target performance”)

ISB Correction Factor and RO Blend Target Review

* Are current hardware Correction Factors (CFs) resulting in “on target performance?”
® Corrected_ACSW — ACSW_Target (w/o Lab D) data is plotted below.

* Plot suggests that means of corrected data by hardware batch may not equal zero (not

° Advantageous to analyze with AC SWOrig datain lieu of using the corrected ACSW data

ACSW _Cor-ACSW Target vs. CorrectionPhase & Cam_Tap_BID
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ACSW_Cor-ACSW Target

LE

s §30-2
* PCI0E[B21)
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s 83141
s 831-2

=

831-3¢
ACEW_Cor-ACSW _Target
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CF0 CF_-9.5 CF_-5.6 CF_-185
\ CorrecticnPhase / Cam_Tap_BID
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e Correction Factor history:

* Both Linear vs. Multiplicative CFs have been applied to the ISB

ISB

April 21, 2011

October 18. 2017

All tests using
batch B tappets
with batch E. F,

and G cams

Add -9.5 to ACSW

Multiply ATWL by 0.637:

December 11, 2011

November 12, 2012

All tests using
batch C tappets
with batch H cams

Add -9.5 to ACSW

Multiply ATWL by 0.637:

November 13, 2012

October 18. 2017

All tests using
batch C tappets
with batch H and J
cams

IAdd -5.6 to ACSW

Multiply ATWL by 0.711:

None

October 18. 2017

All test using batch
D tappets and batch
K cams

Multiply ATWL by 1:
|Add -11.3 to ACSW

October 19, 2017

Lk

All tests using
batch K cams with
batch D tappets

Add -18.5 to ACSW

Multiply ATWL by 0.7851:

and batch E
crossheads

e Camshaft wear may be better represented as being proportional to the
reference oil/ candidate wear - in lieu of a linear constant

° Analysis will include evaluations of multiplicative and additive approaches
to help drive a decision on the best Correction Factor approach

o p
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¢ Qutline of the Analysis Process Methodology:

° Analyze the data to predict the severity by hardware batch as compared to
original “targets” hardware (CamTap batch AA & BA) with RO PC10B(831)
to quantify severity shift by hardware batch

* Use ACSWOrig (vs. Corrected ACSW) as the key dependent variable for the

analyses

Best estimates of correction factor options will be obtained using the original
uncorrected data

e Use fitted ACSWOrig model to predict hardware and reference oil blend
combinations - to estimate CFs

° ?ﬂ)ly |(iFs to the data & then re—analyze to generate new targets for RO

() p
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e How were original targets established?

° Original Targets were generated with Cam-Tap Batch “AA” and reference oils

PC10B, PC10E, and 830-2 (18 results) using raw means

ANOVA summary below shows LSMeans and Raw Data Means are similar in magnitude

* Reference oil 831-X targets were updated and adjusted to 42.5
Target update based on additional Cam Tappet Hardware “AA” and “BA” test results (n=14)

~ Response ACSWorig
1 Whole Model 4 =|RefOil_Mod 4 = LTMSLAB
[> Actual by Predicted Plot [ Leverage Plot [ Leverage Plot
[ Effect Summary 4 Least Squares Means Table 4 Least Squares Means Table
I Lack Of Fit Least Least
- - Level SqMean  Std Error Mean Level SqMean  Std Error Mean
I Residual by Predicted Plot 330-2 30766667 2.6575703) 307667 | A 30.333333 26575703  30.3333
4 Summary of Fit PCI0E(221) 25.661036 2.7332602f 24.5832 B 42230363 2.0446384  42.9200
F57 7 I
RSquare BT PCI10B(831) 41.900000 2.6575703§ £1.9000 G 35.764026 24806496 35.2714
RSquare Adj 0.143577
Root Mean Square Error 6,500691
Mean of Response 3875
Observations (or Sum Wgts) 18
4 Analysis of Variance
Sum of Targets
Source DF Squares Mean Square  F Ratio
Model 4 290.27596 72.5600 1.7125
Error 13 550.88004 42,3761 Prob=F
C. Total 17 841.16500 0.2071
[* Parameter Estimates
4 Effect Tests
Sum of
Source Nparm DF Squares  FRatio Prob: F
RefQil_Med 2 2 116.580658 1.3756 0.287
LTMSLAB 2 2 12037262 14203 0.276%

™

ISB Correction Factor and RO Blend Target Review
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® The following slides explore correction factor options:

e Numerous ANOVA models were evaluated with various data sets to

generate correction factor options

® Primary data sets evaluated to generate correction factor and target

options included:

All Cam-Tappet batches and Reference Oil blends — with/without Lab “D” data
(n=100/102)

All 831X blend data with Cam-Tap Hardware batches “AA_BA”,“]C”, “KD”, and
“LE” without Lab “D” data (n = 71)

® Summary of all analyzed data sets & models are provided in the

Appendix

(-, p
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shown below

models

® Analysis highlights:

Models with yellow highlights will be analyzed - includes with & without Lab D data

ISB Correction Factor and RO Blend Target Review

* What factors should be included in the models and what data should be analyzed?

® Table of different models by reference oil, hardware, hardware coding, and laboratory datasets are

The Stand[Lab] nested factor is not significant in any of the evaluated data sets - recommend using Lab only factor in the

The Camshaft and Tappet factors are confounded - recommend using combined Cam-Tappet factors in models

™

Data Included in Model Lab Reference Oil Hardware Effect Test p values Model Summary
Model
ID Data Notes Lab D|Lab|Stand[Lab]|830-2| PC10E(821) |PC10B(831)|831-1|831-2|831-3|4|CamBID|CamTapBID| Lab |Stand[Lab]|RefOil|CamBID|CamTapBID| n RMSE |Selection
12|All Cam Batches x| v v v v v v | v v v X1 0.2990 0.2452 |0.3693| 0.6327 100 | 8.8267
13|All Cam-Tap Batches x| v v v v v v | v v x! v 0.3072| 0.3266 |0.3808 0.7182 100 | 8.8888
14|All Cam-Tap Batches x| v X! v v v v | v v X1 v 0.1100 0.3484 0.2432 100 | 8.9973 | Evaluate
15|All Cam Batches v | v v v v v v | v v v X1 0.0031| 0.2342 |0.3608| 0.6221 102 | 87637
16|All Cam-Tap Batches v | v v v v v v | v v x! v 0.0035 0.3142 |0.3722 0.7084 102 | 8.8245
17|All Cam-Tap Batches v | v X1 v v v V| v v X1 v 0.0047 0.3411 0.2340 102 | 8.9419 | Evaluate
18|Cam-Tap Batches "AA_AB","JC","KD","LE" [ X' | v/ v x! x! v v | v v x! v 0.4453 0.3890 |0.4006 0.3110 71 | 9.4932
19|Cam-Tap Batches "AA_AB","JC","KD","LE" [ X' | v X! X! X! v v | v v X! v 0.0612 0.4110 0.0563 71 | 9.5771 | Evaluate

N\,

Note 1- "X"indicates that it is excluded from data set

/
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® Analysis highlights (Continued):
* Highlighted yellow - model ID’s 14, 17, and 19 were all evaluated

® Model ID 19 with Multiplicative CF, Lab only, and CamTapBID
hardware coding, w/o Lab D data will be shown in the following slides

® Recommend applying Multiplicative CFs to the data sets

A table summary of precision/standard deviations will be provided at the end of
the modeling section that contrasts the Additive & Multiplicative CFs that supports
their application

A complete summary of the analyses for model ID’s 14, 17, and 19 are shown in

the Appendix
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* Datamodel to evaluate for CFs and revised Targets with Model ID 14M:
® Includes Camshaft Tappet batches “AA_BA”,“]C”, “KD”,“LE”
® Includes RO’s PC10B(831), 831-1, 831-2, & 831-3|4
* Applies multiplicative CFs to the data

Correction
Model ID n Lab D Data Factor Type
14C 100 No Additive
14M 100 No Multiplicative
17C 102 Yes Additive
17M 102 Yes Multiplicative
19C 71 No Additive
S 19M 71 No Multiplicative

/
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® Predictions estimate the multiplicative
using the “Target” (“AA_BA”) hardware and reference oil PC10B(831)

® LSMeans are used to establish multiplicative CFs (by hardware batch)

Correction Factor calculated from original updated target of 42.5

~ Response ACSWorig
|4 Whele Model

[ Effect Summary

[ Actual by Predicted Plot

4 [~|RefOil_Mod
[ Leverage Plot
4 Least Squares Means Table

4 »|LTMSLAB
[ Leverage Plot

4 Least Squares Means Table

4 ~/CamTap_Hdw_Med
[ Leverage Plot

4 Least Squares Means Table

* Predicted LSMeans for (PM) PC10B(831) and Camshaft-Tappet hardware

combinations are summarized below:

effect of hardware severity on ACSWOrig

ISB Correction Factor and RO Blend Target Review

with

™

N\,

> Lack Of Fit Least Least Least
- : Level SqMean StdError  Mean Level SqMean StdEror Mean  level SqMean StdEror  Mean
I Residual by Predicted Plot PCI0B(831) 48.566738 6.8621428 423067 A 49.808093 22957728 50.6440  AABA 43.024461 59367151 427294
/Summary of Fit 831-1 50.504827 43343433 51.4700 B 55.205311 2.8474107 519444  IC 56.504147 34122602 57.0750
RSquare 50559 8312 57.118152  2.6280300  57.4261 F 5333300 7.2520150 420000 KD 50.369766 42243800 55.9202
E— o 831-34 50.659481 3.0647585 50.7217 G 57322304 22787225 599452 LE 60.950825 61604245 67.5332
Root Mean Square Errar 9.577097 4 [~/ Least Squares Means Plot [ =/ Least Squares Means Plot
Lzr Filireres S 70 4= Least Squares Means Plot
Observations (or Sum Wgts) 71 B
4 Analysis of Variance 63 )
Sum of 60 70
Source DF  Squares MeanSquare FRatio g 65
Model 9 4583237 509.249 5.5522 Z 58 v C 7 ]
Error 61 5594.968 91.721 Prob> F g 5 60 orrection FaCtOT EXamP €
CTotal 70 10178205 <0001 2 &L E .
< Parameter Estimates Z 45 2 59 0. 83 = 42. 5 /51 . 1
Term Estimate StdError tRatio Probo|t] < " 2
Intercept 53962200 2.342638 2303 <.000 g
RefOil_ Mod[PC108(831)]  -5395%1 6032389 -0.89 03746 15 o
RefOil_Mod[831-1] 3457472 3055873 113 0.2623
RefOil_Mod[831-2] 31558521 2964814 106 0.2913 30 35
LTMSLABLA] 4064206 2458437 165 0.1034 FENEEE E“;efcu MOTT'E 83134 -
LTMSLAB[E] 13330114 264578 050 0.6161 - AABA [4 KD £
LTMSLABIF] 0.628800 5450203 012 0.9087 CamTap_Hdw_Mod
CamTap_Hdw_Mod[AA_BA] -5937830 6368076 -0.03 0.3548
CamTap_Hdw_Med[iC] 25418472 3115132 082 04177
ComTap_Hdw_Med[KD] ~ -3.502534 3097384 -1.16 0.2506
4 Effect Tests . L. . .
Sum of Reference | CamTap Correction [Multiplicative [ Orig PM [Updated
Source Nparm DF  Squares FRatio Prob>F i
RefCil_Mod 303 26772 0973 04110 Model Qil Hardware |[Pred. ACSW | Factor Delta CF Target | Target
LTMSLAB 33 71172503 25866 0.0612
GomiapHowMod 33 7080 262 0050 w/o Lab D|PC10B(831)| AA _BA 42.6 41.9 42.5
w/o Lab D|PC10B(831) ile 51.1 8.6 0.83
w/o Lab D|PC10B(831) KD 45.0 2.5 0.94
w/o Lab D|PC10B(831) LE 55.6 13.1 0.77 /
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® Overall model summary:

* Analysis of ACSWOrig using (multiplicative) corrected data

e Reference oil is significant and lab is marginally significant

* RMSE= 8.2, RO LSMeansTargetfor 831-3 |4 = 52.4

~|/Response ACSW_Cor_19M
4Whole Medel

[> Actual by Predicted Plot

I Lack Of Fit

[> Residual by Predicted Plot
4 Summary of Fit

RSquare 0.293437
RSquare Adj 0.227197
Root Mean Square Emror 8198074
Mean of Response 4841127
Observations (or Sum Wgts) 71
4 Analysis of Variance
Sum of
Source DF Squares Mean Square  F Ratio
Meodel 6 1786.7474 207791 4.4200
Error 64 4302.2835 67.223 Prob> F
C. Total 70 6089.0310 0.0008*
I Parameter Estimates
4 Effect Tests

Sum of
Source MNparm DF Squares  F Ratioc Prob>F
RefQil_Mod 5 3 965.54217 47877  0.00453*
LTMSLAB 3 3 51866610 2.5719 0.0618

4 = RefOil_Mod
[* Leverage Plot

4 Least Squares Means Table

Least
Level 5q Mean
PC10B(831) 42.563320
831-1 44.,140007
831-2 40,812290

831-3p 52.390030

Std Error
2.2440061
3.0472771
2.3033pM
2.3403398

4 = |Least Squares Means Plot

Mean
42.3067
44,2900
49,4565
53.1391

]

L
un

50

i oy
Ln

ACSW Cor_19M LS Means

e
=1

PC10B(831)

831-1

831-2

RefOil_Mod

4= LTMSLAB
[* Leverage Plot

4 Least Squares Means Table

Least
Level 5q Mean
A 43729932
B 48516334
F 46.663002
G 40,995280

Std Error
1.7174096
1.9564052
6.1125680
1.7508477

Mean
445040
48,3722
42,0000
52.4000

N\,
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ISB Correction Factor and RO Blend Target Review
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* Plot of model fit residuals with all hardware (no Lab D) - for the
multiplicative (19M) Correction Factor

® No apparent severity trend by Reference Oil — using corrected data

20 Residual ACSW_Cor_19M vs. RefOil_Mod
® A
® B
. ® F
&G
20 A Residual ACSW _Cor_19M
. * _
E ——
2 '
5 10 | 1
0 3
.d: [ ]
E & —i— : :
=z 0=t Bl At ahtenlsiend Rt il SRl LRttt — w1 —-—-
o [] L] -+
g [ ] = I.I-
L L ‘-:i M
" ¥ i
s Correction
-10 Model ID n Lab D Data Factor Type
14C 100 No Additive
_ 4
14M 100 No Multiplicative
17C 102 Yes Additive
-20 PC10B331) 831-1 831-2 831-34 17M 102 Yes Multiplicative
RefCil_Mod —1» 19C 71 No Additive
\ —»  19Mm 71 No Multiplicative
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* Plot of model fit residuals with all hardware (no Lab D) - for the
multiplicative (19M) Correction Factor
® No apparent severity trend by Cam-Tappet Hardware with corrected data

20 Residual ACSW_Cor_19M vs. CamTap_Hdw_Mod
® A
® B
L ®F
® G
20 A Residual ACSW _Cor_19M
: _
E L]
@ . [
EI 10 :
ul _— —_——
=
[y
kE) L [ ..'
(1] L ]
E I 2 s ISR S I I B
i " [ ]
g P [ ] [ ]
L] ‘l‘“ -.‘
) : i
’ Correction
-10 Model ID n Lab D Data Factor Type
. 14C 100 No Additive
14M 100 No Multiplicative
17C 102 Yes Additive
-20 AA_BA I KD LE 17M 102 Yes Multiplicative
CamTap_Hdw_Mod —» 19C 71 No Additive
\ —> 19Mm 71 No Multiplicative
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° Why use multiplicative CFs in lieu of additive CFs?

(-

* Table below summarizes raw and (model fit) residual standard deviations by reference oil using

the either additive or multiplicative corrected data

e Resultsindicate that multiplicative correction factor models have smaller standard deviations
(improved precision) - as compared to their additive counterparts

Analysis Columns Statistics 830-2 PC10E(821)[ PC10B(831) 831-1 831-2 831-3|4

ACSW_Cor_14C Std Dev 9.0 4.6 4.6 6.1 11.6 10.2

ACSW_Cor_14M Std Dev 9.0 4.6 4.5 4.8 9.1 8.5

Residual ACSW_Cor_14C Std Dev 10.0 4.0 6.0 5.6 11.1 9.1

Residual ACSW_Cor_14M Std Dev 9.7 4.0 5.6 4.3 8.7 7.7

ACSW_Cor_17C Std Dev 9.0 4.6 4.6 6.1 11.6 11.6

ACSW._Cor_17M Std Dev 9.0 4.6 4.6 4.8 9.3 9.4

Residual ACSW_Cor_17C Std Dev 10.0 4.0 6.0 5.6 11.1 8.7

Residual ACSW_Cor_17M Std Dev 9.7 4.0 5.6 4.4 8.9 7.4 4// Add CF Model

ACSW_Cor_19C Std Dev 4.9 9.0 11.6 10.2

ACSW_Cor_19M Std Dev 4.9 7.5 9.8 9.2 <«—|

Residual AESW_Cor_19c Std Dev 6.9 8.2 11.2 8.5 | Mult CF Model

Residual ACSW_Cor_19M Std Dev 6.5 6.8 9.4 7.8

Correction
Model ID n Lab D Data Factor Type

14C 100 No Additive
14M 100 No Multiplicative
17C 102 Yes Additive
17M 102 Yes Multiplicative
19C 71 No Additive
19M 71 No Multiplicativ/e
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® Analysis of (14M) data for severity adjustment calculation

® Based on reference oil model only (no laboratory factor)

e RMSE for Severity Adjustment = 8.5

i = Response ACSW_Cor_19M
4 Whole Model

I* Actual by Predicted Plot

I* Residual by Predicted Plot

4 = RefQil_Mod
[* Leverage Plot
A Least Squares Means Table

[> Parameter Estimates

4 Effect Tests
Sum of
Source Nparm Squares  FRatio Prob>F
RefCil_Mod 3 3 1268.0813 58745 0.00137

4 Summary of Fit s
RSquare 0.208257 Level SqMean  5td Error Mean
RSquare Adj 0:1 ?EBDEI': PCI0B(831) 42306667 21901974 42,3067
Root Mean Square Error 5482508 g1 44.290000 26824331 44.2900
Mean of Response 48.41127 831-2 49,456522 1.:68:440 49,4565
Observations (or Sum Wats) 1 831-34 53139130 1.7657440 53.1391
4 Analysis of Variance
Sum of
Source DF Squares Mean Square  F Ratio
Model 3 1268.0813 422604 58745
Error 67 45202496 71934 Prob=F
C. Total 70 60890310 0.0013*
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e Recommended Correction Factor & Target Updates:

e Use model “19M” to generate Hardware CFs and Targets

Uses Camshaft-Tappet hardware batches “AA_BA”, “|]C”, “KD”, “LE”

Select Multiplicative CFs which have a lower RMSE and Reference Oil Standard Deviations

Multiplicative Correction Factor for “LE” Cam-Tap Hardware (w/RO 831-3|4) = 0.77

If using “KD” Cam-Tap Hardware, multiplicative correction factor = 0.94

Reference Oil Target (831-3 | 4) with hardware corrected data = 52.4

Standard Deviation Update for Reference Oil Yi calculations:

Raw Standard Deviation for (831-3|4) =9.2 (reference slide 19 in Table)
Currentlyitis 8.7

Severity Adjustment Pooled S = 8.5 (reference slide 20)
Currentlyitis 8.7

Correction
Model ID n Lab D Data Factor Type
14C 100 No Additive
14M 100 No Multiplicative
17C 102 Yes Additive

17M 102 Yes Multiplicative

19C 71 No Additive
\ —» 19M 71 No Multiplicative




Appendix - Summary of All Models




e
Evaluating Correction Factor Approaches

® Third Data Model to Evaluate:
® Includes all Camshaft and Tappet batches
® Includes all Reference Oil Data
e Reference ID number 19 on slide 14 (n = 71 without Lab “D”)

™

Correction
Model ID n Lab D Data Factor Type
14C 100 No Additive
14M 100 No Multiplicative
17C 102 Yes Additive
17M 102 Yes Multiplicative
— 19C 71 No Additive
\ —> 19M 71 No Multiplicatij
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* Predicted LSMeans for (PM) PC10B(831) and Camshaft-Tappet hardware

combinations are summarized below:

® Predictions estimate the multiplicative effect of hardware severity on ACSW
with using the Precision Matrix’s reference oil PC10B(831)

e Correction Factors calculated from original PM target of 42.5

- Response ACSWorig
< Whole Model

[> Actual by Predicted Plot

[ Effect Summary

> Lack Of Fit

[> Residual by Predicted Plot

4 Summary of Fit
RSquare 0.450299
RSquare Adj 0369106
Root Mean Square Error 9577097
Mean of Response 54.13662
Observations (or Sum Wgts) 71

4 Analysis of Variance

Sum of

Source DF  Squares MeanSquare F Ratio
Model 9 4583237 500.249 55522
Emror 61  5594.968 91.721 Prob>F
C. Total 70 10178205 <.000

4 Parameter Estimates
Term Estimate Std Error t Ratio
Intercept 53962299 2342638 2302
RefOil_Mod[PC10B(821)] -5.205361 6.032389 -0.89
RefOil_Mod[831-1] 3457472 3053673 -1.13
RefOil_Mod[831-2] 31558521 2964814  1.06
LTMSLAB[A] -4.064206 2458437 -1.65
LTMSLAB[B] 13330114 2645378 0.50
LTMSLAB[F] -0.628899 5459205 -0.12
CamTap_Hdw_Mod[AA BA] -5.937830 6.368076 -0.93
CamTap_Hdw_Mod[iC] 25418472 3115133 082
CamTap_Hdw_Mod[KD] -3.502534 30973  -1.16

4 Effect Tests

Sum of

Source Nparm DF  Squares FRatio
RefOil_Mod 3 3 26704792 09738
LTMSLAB 3 3 71172503 2.5866
CamTap_Hdw_Mod 3 3 730.88150  2.6562

4 [~ RefOil_Mod

I Leverage Plot
4 Least Squares Means Table

Level Sq Mean
PCI0B(831) 48566738
8311 50.504827
8312 57.118152
831-34 59.659481

4 [~ |Least Squares Means Plot

4 Least Squares Means Table

70

65

ACSWorig LS Means
EoE owm o owm oo
E & 8 n 3

w
vl

w
&

PCI0B(E31)

4/~/CamTap_Hdw_Mod
I Leverage Plot

4 Least Squares Means Table
Least

Llevel  SqMean
AABA  46.024461
I 56.504147
KD 50.269766
LE 60.950825

[ =/ Least Squares Means Plot

4 = Least Squares Means Plot

Std Error Mean
5.9567151 42,7204
34122692 57.0750
42343800 55.9202
61604245 67.5233

N\,

75
70
65
% 60
=
v 55
2 50
S
g 45
40
35
0 AABA I KD LE
CamTap_Hdw_Mod
Reference | CamTap Correction |Multiplicative [ Orig PM |Updated
Model Qil Hardware |Pred. ACSW | Factor Delta CF Target | Target
w/o Lab D[PC10B(831)| AA_BA 42.6 41.9 42.5
w/o Lab D|PC10B(831) JC 51.1 8.6 0.83
w/o Lab D|PC10B(831) KD 45.0 2.5 0.94
w/o Lab D|PC10B(831) LE 55.6 13.1 0.77
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® Overall model summary:

* Analysis of ACSWOrig using (multiplicative) corrected data

e Reference oil is significant and lab is marginally significant

* RMSE= 8.2, RO LSMeansTargetfor 831-3 |4 = 52.4

~|/Response ACSW_Cor_19M
4Whole Medel

[> Actual by Predicted Plot

I Lack Of Fit

[> Residual by Predicted Plot
4 Summary of Fit

RSquare 0.293437
RSquare Adj 0.227197
Root Mean Square Emror 8198074
Mean of Response 4841127
Observations (or Sum Wgts) 71
4 Analysis of Variance
Sum of
Source DF Squares Mean Square  F Ratio
Meodel 6 1786.7474 207791 4.4200
Error 64 4302.2835 67.223 Prob> F
C. Total 70 6089.0310 0.0008*
I Parameter Estimates
4 Effect Tests

Sum of
Source MNparm DF Squares  F Ratioc Prob>F
RefQil_Mod 5 3 965.54217 47877  0.00453*
LTMSLAB 3 3 51866610 2.5719 0.0618

4 = RefOil_Mod
[* Leverage Plot

4 Least Squares Means Table

Least
Level 5q Mean
PC10B(831) 42.563320
831-1 44.,140007
831-2 40,812290

831-3p 52.390030

Std Error
2.2440061
3.0472771
2.3033pM
2.3403398

4 = |Least Squares Means Plot

Mean
42.3067
44,2900
49,4565
53.1391

]

L
un

50

i oy
Ln

ACSW Cor_19M LS Means

e
=1

PC10B(831)

831-1

831-2

RefOil_Mod

4= LTMSLAB
[* Leverage Plot

4 Least Squares Means Table

Least
Level 5q Mean
A 43729932
B 48516334
F 46.663002
G 40,995280

Std Error
1.7174096
1.9564052
6.1125680
1.7508477

Mean
445040
48,3722
42,0000
52.4000

N\,

™

ISB Correction Factor and RO Blend Target Review
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e Reference oil is significant and lab is marginally significant

® Overall model summary:

* Analysis of ACSWOrig using (additive) corrected data

* RMSE= 9.3, RO LSMeansTargetfor 831-3 |4 = 53.6

~|Response ACSW_Cor_19C

4 Whole Model

I Actual by Predicted Plot

I Lack Of Fit

[> Residual by Predicted Plot

4 Summary of Fit
RSquare 0.293781
RSquare Adj 0.227573
Root Mean Sguare Ermor 0.349964
Mean of Response 49,27746
Observations (or Sum Wagts) 71

4 Analysis of Variance

Sum of

Source DF Squares Mean5Square  F Ratio
Model 6 23274669 387.9M 4.4372
Error 64 55940071 87.422 Prob=F
C. Total 7O 79224630 0.0008"

[* Parameter Estimates

4 Effect Tests

Sum of

Source Nparm DF Squares FRatio Prob>F
RefQil_Mod 5 3 1208.9506 4.6006 0.0055*
LTMSLAB 5 3 7165308 27321 0.0510

4 (= RefQil_Mod
[ Leverage Plot
4 Least Squares Means Table

Level
PC10B(831)
B831-1
B31-2
B31-3¢d

Least

Sq Mean

42.628455
44.465063
51.052524
53.5629090

Std Error
2.5591272
3.4750605
2.7293501
2.6688818

£ |=|Least Squares Means Plot

Mean
42.3067
44,5800
50.6826
54.4565

60

Ln
Ln

L
=

Y
L

ACSW_Cor_19C LS Means

oy
(=]

831-1

PC10B(831)

831-2 831-3¢
RefOil_Meod

A = LTMSLAB
[* Leverage Plot

4 Least Squares Means Table

Level
A

B
E
G

Least
Sq Mean
43.860038
40,2687584
47299778
51.284332

Std Error
1.9585033
2.2310496
6.9706635
1.9966355

Mean
45,1120
49,0611
42,0000
53,9923

™

ISB Correction Factor and RO Blend Target Review
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Evaluating Correction Factor Approaches

® Third Data Model to Evaluate:
® Includes all Camshaft and Tappet batches
® Includes all Reference Oil Data
e Reference ID number 14 on slide 14 (n = 100 without Lab“D”)

™

Correction
Model ID n Lab D Data Factor Type
—> 14C 100 No Additive
— 14M 100 No Multiplicative
17C 102 Yes Additive
17M 102 Yes Multiplicative
19C 71 No Additive
\ 19M 71 No Multiplicatij
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Evaluating Correction Factor Approaches

~ Response ACSWorig
21 Whole Model 4 = |RefOil_ Mod
[/ Actual by Predicted Plot [/Leverage Plot
I Effect Summary 4 Least Squares Means Table
b|Lack Of Fit =
- - Level SqMean  StdEmor  Mean
b Residual by Predicted Plot 830-2 48920606 6.8754762 39.7667
4 'Summary of Fit PCIOE(B21) 43716273 6.9478771 34.5833
PCIOB(831) 51.054030 4.7472924 43.1118
R 0.543674
R;::ZM 035007 8311 49074267 2.6406536 50.7960
Root MEEanqum e soa7an 831-2 56.871835 4.0165576 57.4261
Ay e Siam 831-3p 59497634 52165075 59.7217
Observations (or Sum Wgts) 100 4 =|Least Squares Means Plot
4 Analysis of Variance
Sum of 70
Source DF  Squares MeanSquare FRatio
Mode 19 775827 406096 5.0165 .
Error 80  6476.174 80,952 Prob> F 2 &0
. Total 99 14192001 <.0001* z
i g
[/ Parameter Estimates 250
4 Effect Tests 2
Sum of LS
Source Nparm DF  Squares FRatio Prob>F
RefOil_Mod 5 5 4507263 11358 03434
LTMSLAB 33 5040011 20753 0.1100 30
Cam_Tap_BID 1111 11522800  1.2940 0.2432
~ & ) ~ A A
o5 & & o & 2
& (J@a\ \@.\ L LS &
< <
RefOil_Mod

AVISNLTY ¥

4~ /Cam_Tap_BID
[ Leverage Plot
4 Least Squares Means Table

Least
Level SqMean  Std Error Mean
Al 42001799  4.665212  38.7500
BA 43000310 3965687 43.1818
CA 43262482 7021445  41.7500
CB 33.563424 7079836 49.6000
[o:} 62.780072 11.287135 59.8000
EB 52429497  5.901601 50.3500
FB 56.669343 6559046 53.8000
GB 52701421 9.945934  53.1000
HC 50.854497  5.901601 48.7750
I 54342828 4186081 57.0750
KD 48.224451 5.170837 55.9202
LE 50245340 6704462 67.5333

4 =|Least Squares Means Plot

® LSMeans are used to establish multiplicative CFs (by hardware batch)

® Predictions estimate the multiplicative effect of hardware severity on ACSW
with using the Precision Matrix’s reference oil PC10B(831)

™

* Predicted LSMeans for (PM) PC10B(831) and Camshaft-Tappet hardware

combinations are summarized below:

90

ACSWorig LS Means

AA BA CA CB DB EB FB GB HC JC KD LE
Cam_Tap_BID

N,

Cam
Model Reference Oil [ Hardware | Pred. ACSW
w/olabD | PC10B(831) AA 41.5
w/olabD | PC10B(831) BA 43.3
w/olabD | PC10B(831) CA 42.6
w/olabD | PC10B(831) CB 52.9
w/olabD | PC10B(831) DB 62.2
w/olabD | PC10B(831) EB 51.8
w/olabD | PC10B(831) FB 56.1
w/olabD | PC10B(831) GB 52.1
w/olabD | PC10B(831) HC 50.2
w/olabD | PC10B(831) JC 53.7
w/olabD | PC10B(831) KD 47.6
w/olabD | PC10B(831) LE 58.6

Correction
Factor
Delta

1.81
1.17
11.47
20.69
10.34
14.58
10.61
8.76
12.25
6.14
17.15

Multiplicative
CF

0.96
0.97
0.78
0.67
0.80
0.74
0.80
0.83
0.77
0.87
0.71

Orig PM | Updated
Target | Target
41.9 42.5
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Evaluating Correction Factor Approaches

* Analysis of ACSWOrig data with additive correction factors applied
® Corrected data for all Camshaft-Tappet Hardware Batches

* Overall model summary:
* Reference Oil is significant and Lab is marginally significant (p=0.065)
* RMSE = 8.4, RO LSMeansTargetfor 831-3 |4 = 49.9

~|/Response ACSW_Cor_14C

4 Whole Model 4 (= RefOil_Mod 4|= LTMSLAB
[* Actual by Predicted Plot [ Leverage Plot [* Leverage Plot
[* Lack Of Fit 4 Least Squares Means Table 4 Least Squares Means Table
I Residual by Predicted Plot Least Least
- Level SqMean  Std Error Mean Level SqMean  5tdError Mean
4 Summary of Fit 830-2 30.340868 3.6715062 39.7667 A 39301414 1.5075717  40.8805
RSquare 0.310297 PCI0E(821) 34.140755 2.6928081 34.5833 B 44086097 1.8615205 45.3435
RSquare Adj 0.249664 PCI10B(831) 41.473760 2.1558040 41.4118 F 40822166 5.08043535 39.8333
Root Mean Square Error 8.431273 831-1 40.384653 2.0067025 40.1600 G 44187676 15224008 46.8611
Mean of Response 44,032 831-2 47.309724 2.2297340 47.0522
Observations (or Sum Wagts) 100 831-34 49.047611 2.1929356 50.7348
[* Analysis of Variance 4= Least Squares Means Plot
I Parameter Estimates 60
4 Effect Tests 55
Sum of o
Source Nparm DF Squares FRatio Prob: F 5 50
RefCil_Mod 5 5 21344849 6.0616 <.0001* =
LTMSLAB 2 3 530.8692 2.4803  0.0653 H 45
=
5 40
UI
g 3
2
30
25

A A ; b 3
@ RefCil_Med /




e

e Overall model summary:

Evaluating Correction Factor Approaches

o Analysis of ACSWOrig data with multiplicative correction factors applied

® Corrected data for all Camshaft-Tappet Hardware Batches

* Reference Oil is significant and Lab is marginally significant (p = 0.08)
* RMSE= 7.0, RO LSMeansTargetfor 831-3 |4 = 48.6

~/Response ACSW_Cor_14M
4 Whole Model

[* Actual by Predicted Plot

I Lack Of Fit

[> Residual by Predicted Plot

4 Summary of Fit
RSquare 0.313019
RSquare Adj 0.254801
Root Mean Square Error 7.004879
Mean of Response 43.478
Observations (or Sum Wagts) 100

4 Analysis of Variance

Sum of

Source DF Squares Mean Square  F Ratio
Model 8 20533334 256602  5.2313
Error 91 44652182 49.068 Prob>F
C. Total 99 65187516 <,0001*

[ Parameter Estimates

< Effect Tests

Sum of

Source Nparm DF Squares  FRatio Prob>F
RefQil_Mod 5 5 1587.7062 6.4714
LTMSLAB g 3 335.2073 22771 0.0849

4 [~|RefOil_Mod
I Leverage Plot
4 Least Squares Means Table

4~ |LTMSLAB
[* Leverage Plot
4 Least Squares Means Table

Least
Level SqMean  Std Error Mean
830-2 30451054  3.0303647  39.7667
PCI10E(821) 34.312603 3.0680626 34.5833
PCI0B(831) 41470785 17911620 41.4176
831-1 40.698%41 1.6672106  40.5040
831-2 46.154325 1.8525265 45.8600
831-34 48571778  1.8219370 49,1391

Least
Level SqMean  Std Error Mean
A 30,506365 1.2525223  40.9711
B 43520047 1.5465970 44,7522
F 40820750  4.2200326  40.2667
G 43250213 1.2648426 455778

[ =|LSMeans Differences Tukey HSD
4 |~ |Least Squares Means Plot

35

L
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e
un

ACSW_Cor_14M LS Means
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Evaluating Correction Factor Approaches

e Fourth Data Model to Evaluate:
® Includes all Camshaft and Tappet batches

® Includes all Reference Oils

e Reference ID number 17 on slide 14 (n = 102 with Lab“D”)

™

Correction
Model ID n Lab D Data Factor Type
14C 100 No Additive
14M 100 No Multiplicative
—> 17C 102 Yes Additive
—> 17M 102 Yes Multiplicative
19C 71 No Additive
\ 19M 71 No Multiplicatij
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Evaluating Correction Factor Approaches

~Respoense ACSWorig
|24 Whole Model

[ Effect Summary

[ Actual by Predicted Plot

4 =|RefOil_Mod
[ Leverage Plot
4 Least Squares Means Table

Least

SqMean
53.626601
48.425268
35.760024
54.680262
61.377830
64.203629

Std Error
6.9250852
69839238
4.8503180
27906995
40698521
5.2581073

4 [~|Least Squares Means Plot

w
a

Mean
39.7667
34.3823
431718
50.7960
57.4261
62.1920

P> Lack Of Fit
Level
I>|Residual by Predicted Plot 830-2
4 Summary of Fit PC10E(821)
RSquare 0623466 :g:”ftw)
RSquare Adj 0.530494 = jz
RootMean Square Emor  8.941852 e
Mean of Respense 52.20008 i
Observations (or Sum Wgts) 102
£ Analysis of Variance S0
Sum of
Source DF  Squares MeanSquare F Ratio 0
Model 20 10723776 536,189 6.7060 .
Error 81 6476494 70.957 Prob> F H
CTotal 101 17200270 <000 S 60
[/ Parameter Estimates ?,
4 Effect Tests 2 s
Sum of g
Source Nparm DF  Squares FRatio Prob> F
RefOil_Mod 5 459.7263 11499 03411 s
LTMSLAB 4 4 13027077 40713 00047
Cam_Tap_8ID 1111 1152280  1.3101 02340

Refil_Mod

AVISNLT ¥

4 ~/Cam_Tap_BID
[ Leverage Plot

4 Least Squares Means Table

Level
AA
BA
cA
fo:}
DB
EB
FB
GB
HC
i
KD
LE

Least

SqMean
46.797793
48.606304
47.968476
58260418
67.486066
57.135492
61375338
57.407415
55.560492
50048823
52.940446
63951143

Std Error
4.713405
4177215
7.02281
7.003845
11.493086
5.955135
6.585079
9.9158322
5.855135
4.295435
5.254217
6319935

Mean
38.7500
431818
41.7500
49,6000
59.8000
50.3500
53.8000
53.1000
48.7750
57.0750
55.9202
73.2000

4 =|Least Squares Means Plot

1

ACSWorig LS Means
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90
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* Analysis of PM and current cams and reference oils (with Lab D):

* Includes all Camshaft Tappet batches (reference data ID #17 on slide 14)
® Includes RO’s PC10B, PC10E, 830-2, PC10B, PCI10E, 831-1, 831-2, & 831-3 |4

* Predicted LSMeans for (PM) PC10B(831) and Camshaft-Tappet hardware combinations
are shown below:

® LSMeans used to establish additive and multiplicative CFs (by hardware batch)

® Predictions estimate the effect of hardware severity on ACSW with (PM) PC10B(831)

™

AA BA CA (B DB EB FB GB HC JC KD LE
Cam_Tap_8ID

S

Cam
Model Reference Oil | Hardware | Pred. ACSW
w/ Lab D PC10B(831) AA 46.2
w/ Lab D PC10B(831) BA 48.0
w/ Lab D PC10B(831) CA 47.3
w/ Lab D PC10B(831) CB 57.7
w/ Lab D PC10B(831) DB 66.9
w/ Lab D PC10B(831) EB 56.5
w/ Lab D PC10B(831) FB 60.8
w/ Lab D PC10B(831) GB 56.8
w/ Lab D PC10B(831) HC 54.9
w/ Lab D PC10B(831) JC 58.4
w/ Lab D PC10B(831) KD 52.3
w/ Lab D PC10B(831) LE 63.3

Correction
Factor
Delta

1.81
117
11.47
20.69
10.34
14.58
10.61
8.76
12.25
6.14
17.15

Multiplicative
CF

0.96
0.98
0.80
0.69
0.82
0.76
0.81
0.84
0.79
0.88
0.73

Orig PM | Updated
Target | Target
41.9 42.5
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e QOverall model summary:
e Reference Oil and Lab are statistically signiﬁcant
* RMSE = 8.4, RO LSMeans Target for 831-3 |4 = 54.6

° Analysis of ACSWOrig data with additive correction factors applied

® Corrected data for all Camshaft-Tappet Hardware Batches

Evaluating Correction Factor Approaches

~|Response ACSW _Cor_17C

4 Whole Model

[ Actual by Predicted Plot

P Lack Of Fit

[ Residual by Predicted Plot

4 Summary of Fit
RSquare 0.415646
RSquare Ad] 0.358431
Root Mean Square Error 5385533
Mean of Response 4460784
Observations (or Sum Wagts) 102

[> Analysis of Variance
[ Parameter Estimates

4 Effect Tests
Sum of
Source Nparm DF Squares
RefOil_Meod 5 5 21544849
LTMSLAB 4 4 1476.0095

FRatio Prob> F
6.1279 0001*
5.2480

4 = RefOil_Mod
I Leverage Plot
£ Least Squares Means Table

Level
830-2

PC10E(821)
PC10B(831)
-1
2
831-3¢

831
831

Least
Sq Mean
44.031243
38.831232
46.164247
45.075131
52.000202
54.638089

Std Error
3.7791373
3.7947204
24213172
2.2473522
2.4167361
2.1096869

£ |~ |Least Squares Means Plot

ACSW Cor_17C LS Means

60

35

50

45

40

35

30

Mean
39,7667
34.5833
41.4118
40,1600
47.0522
52.5480

RefQil_Mod

£ [=|LTMSLAB
I Leverage Plot

£ Least Squares Means Table

Level

[y B ==l

Least
SqMean
39.301414
44,086097
65.551952
40.822166
44,187676

Std Error
1.4993931
1.8514307
6.1867386
5.0528739
1.5141418

Mean
40,8895
45,3435
73.4000
39.8333
46.8611

™
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Evaluating Correction Factor Approaches

* Analysis of ACSWOrig data with multiplicative correction factors applied
® Corrected data for all Camshaft-Tappet Hardware Batches

* Overall model summary:
* Reference Oil and Lab are statistically significant

* RMSE= 7.1, RO LSMeansTargetfor 831-3 |4 = 52.7

~ Response ACSW_Cor_17M

4Whole Model 4 = RefOil_Mod 4 = LTMSLAB
[ Actual by Predicted Plot [ Leverage Plot [ Leverage Plot
[ Lack Of Fit £ Least Squares Means Table £ Least Squares Means Table
> Residual by Predicted Plot L= L=
: Level SqMean  Std Error Mean Level SqMean  Std Error Mean
4 Summary of Fit 830-2 42821363  3.1894542  39.7667 A 30044332 1.2654332  41.6209
RSquare 0.409773 PC10E(821) 37.649386 3.2026057 34.5833 B 43.840815 15625400 45.1911
RSquare Adj 0.352034 PC10B(831) 44.923133 2.0435035 41.4994 D 50.015795 52213989 66.1380
Root Mean Square Ermror 7.077085 831-1 44891944  1.8966833 41.3264 F 41294233 4.2644415  40.6340
Mean of Response 44.53026 831-2 50456317 2.0396372 46.8297 G 43769673 1.2778805 46.3036
Observaticns (or Sum Wgts) 102 831-34 52.695175 1.7804989 51.2106
< Analysis of Variance [ =/LSMeans Differences Tukey HSD
Sum of 4 ~|Least Squares Means Plot
Source DF Squares Mean Square  F Ratio 60
Medel 9 31990515 355450  7.0969
Error 92 46078317 50,085 Prob>F
C.Total 101 78068832 <.0001* oD
[* Parameter Estimates E
= 50
£ Effect Tests ]
Sum of = 45
Source Nparm DF Squares FRatio Prob>F o
RefOil_Mod 5 5 1774.8285 7.0872 <.0001* 8.
LTMSLAB 4 4 8192013 40890 0.0043° Z 40
o
<

w
un

w
=1

\ RefQil_Mod
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Summary of all Models




e

set analyzed

o Highlights of Analyses:

* Summary ofall evaluated models with CFs are provided in below table

ISB Correction Factor and RO Blend Target Review

® Opverall Precision (RMSE) of ISB data is improved with Multiplicative CFs as compared to Additive CFs

e Similar Correction Factor ranges for both multiplicative and additive methods — regardless of the data

* Calculated LSMeans for PC10B(831) appear higher when Lab D is included in the data set

LSMeans LSMeans Correction | CamTap "LE"

Model ID n PC10B(831) 831-3|4 RMSE Lab D Data | Factor Type Cor-Factor
14C 100 41.5 49.9 8.4 No Additive -17.2
14M 100 41.5 48.6 7.0 No Multiplicative 0.71
17C 102 46.2 54.6 8.4 Yes Additive -17.2
17M 102 44.9 52.7 7.1 Yes Multiplicative 0.73
19C 71 42.6 53.6 9.3 No Additive -13.1
19M 71 42.6 52.4 8.2 No Multiplicative 0.77

™




4 )
ISB Correction Factor and RO Blend Target Review

* Plot of model fit residuals with all hardware (no Lab D) - for additive
(14C) and multiplicative (14M) CFs

® No apparent severity trend by Camshaft-Tappet batch — using corrected

data
Residual ACSW_Cor_14C & Residual ACSW_Cor_14M vs. Cam_Tap_BID
30 . -
¥ . F
20 . G
S . 3 Residual ACSW Cor_14C
= 4 £ Residual ACSW _Cor_14M
4]
3 ]
g |:|—— —- -—E-—- —_ - —_— _ﬁ - — —
o
= 10
»
=20 .
20
=
2 15 =
8 10 ’
= Correction
Q 3 E Model ID n Lab D Data Factor Type
T O s --E}--- ---‘-‘*—--@ e i Rt " —»  14C 100 No Additive
3 5 —>  14Mm 100 No Multiplicative
* 10 17€C 102 Yes Additive

17M 102 Yes Multiplicative

L]
13 Al BA CA CEB DB EE FB GB HC Ic KD LE 19C 71 No Additive
\ Cam_Tap_BID 19M 71 No Multiplicative




4 )
ISB Correction Factor and RO Blend Target Review

* Plot of model fit residuals with all hardware (no Lab D) - for additive
(14C) and multiplicative (14M) CFs

® No apparent severity trend by Reference Oil — using corrected data

Residual ACSW _Cor_14C & Residual ACSW _Cor_14M vs. RefQil_Mod
A
20 . -
5 e * F
20 . —p— *
5 —r— A ™ Residual ACSW_Cor_14C
2 10 —— L 5 Residual ACSW_Cor_14M
]
1 . & .:: —a— 4 _‘.
3 ok ol o S R I -
g . £ T ' = v
o ) - i .
[ _‘ID L [ 1
—_— . —
Y
-20 S
20
= P ™
= 154 —— .
S 10 —— e
E 5 - = ‘I' [ 4 :
= ) =
5 0= N e T e R e Fetga |- - Correction
= [] - -an - ‘:" [T
% 5 . . = 52 : Model ID n Lab DData | Factor Type
e 10 s _.:_ e —1» 14C 100 No Additive
s I —— —— —» 14M 100 No Multiplicative
g30-2 PCI0E(B21)  PCI0B[S31T) 831-1 831-2 831-34 17C 102 Yes Additive
RefCil_Mod 17M 102 Yes Multiplicative
19C 71 No Additive
\ 19M 71 No Multiplicative

_
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(17C) and multiplicative (17M) CFs

™

ISB Correction Factor and RO Blend Target Review

* Plot of model fit residuals with all hardware (w/Lab D) - for additive

® No apparent severity trend by Cam-Tap Hardware — using corrected data

Residual ACSW _Cor_17C & Residual ACSW_Cor_17M vs. Cam_Tap_BID
20 ‘
= .
- 20 *
S ']
% 10 . *
=
T oL DD --@---i--+--ﬁ--- iR
gﬁj_‘ID Y
* »
-20
25 »
= 20
E| 15 [ ]
lH:ll
= 10 - .
E =
3 o -—E-H—-—t-—é- e P - B
E -5 an H
-10 N
13 Al Ba CA CB DB EB FB B HC IC KD LE
Cam_Tap_BID

A
B
D
F

G

L ]
L]
L
L ]
L
o Residual ACSW _Cor_17C
2 Residual ACSW_Cor_17M

Correction
Model ID n Lab D Data Factor Type
14C 100 No Additive
14M 100 No Multiplicative
—» 17C 102 Yes Additive
- 17M 102 Yes Multiplicative
19C 71 No Additive
19M 71 No Multiplicative

' _




4 )
ISB Correction Factor and RO Blend Target Review

* Plot of model fit residuals with all hardware (w/ Lab D) - for additive
(17C) and multiplicative (17M) CFs

® No apparent severity trend Reference Oil — using corrected data

Residual ACSW Cor_17C & Residual ACSW Cor_17M vs. RefOil_Mod
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% 3 " - = : ~ A Model ID n Lab DData | Factor Type
I B e R e B e | T % """ T N 14C 100 No Additive
3 -5 . —— 1 I n 14M 100 No Multiplicative
10 ) ) —» 17C 102 Yes Additive
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13 E[E PCI0E(E21)  PCI0B(&31) G311 831-2 831-3 T M 102 Yes Multiplicative
RefOil Mod K 19C 71 No Additive
\ - 19M 71 No Multiplicative




4 )
ISB Correction Factor and RO Blend Target Review

* Plot of model fit residuals with all hardware (no Lab D) - for additive
(19C) and multiplicative (19M) CFs

® No apparent severity trend by Reference Oil — using corrected data

Residual ACSW _Cor_19C & Residual ACSW_Cor_19M vs. RefOil_Mod
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§ =., ':;-l': : Model ID n Lab D Data Factor Type
Q4 [ ]
= 10 N i T 14C 100 No Additive
14M 100 No Multiplicative
-20 PC10B(831) 8211 8312 821-29 17C 102 Yes Additive
RefOil_ Mod 17M 102 Yes Multiplicative
—» 19C 71 No Additive
\ —»  19M 71 No Multiplicative
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ISB Correction Factor and RO Blend Target Review

* Plot of model fit residuals with all hardware (no Lab D) - for additive
(19C) and multiplicative (19M) CFs

® No apparent severity trend by Cam-Tap Hardware — using corrected data

Residual ACSW_Cor_19C & Residual ACSW_Cor_19Mvs. CamTap_Hdw_Maod
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Té 0 - :“' 'E: H Model ID n Lab D Data FactorType
2 03 soqee 14C 100 No Additive
e -10 _ g 4 14M 100 No Multiplicative
‘ 17C 102 Yes Additive
-20 A4 BA Ic KD LE 17M 102 Yes Multiplicative
CamTap_Hdw_Mod —» 19C 71 No Additive
@ T 19M 71 No Multiplicatij




e

reference oil — using corrected data

ISB Correction Factor and RO Blend Target Review

* Table summarizes raw and (model fit) residual standard deviations by

e Results indicate that multiplicative correction factor models have smaller

standard deviations - as compared to their additive counterparts

™

o

Analysis Columns Statistics 830-2 PC10E(821)[ PC10B(831) 831-1 831-2 831-3|4

ACSW_Cor_14C Std Dev 9.0 4.6 4.6 6.1 11.6 10.2

ACSW_Cor_14M Std Dev 9.0 4.6 4.5 4.8 9.1 8.5

Residual ACSW_Cor_14C Std Dev 10.0 4.0 6.0 5.6 11.1 9.1

Residual ACSW_Cor_14M Std Dev 9.7 4.0 5.6 4.3 8.7 7.7

ACSW_Cor_17C Std Dev 9.0 4.6 4.6 6.1 11.6 11.6

ACSW._Cor_17M Std Dev 9.0 4.6 4.6 4.8 9.3 9.4

Residual ACSW_Cor_17C Std Dev 10.0 4.0 6.0 5.6 11.1 8.7

Residual ACSW_Cor_17M Std Dev 9.7 4.0 5.6 4.4 8.9 7.4 4// Add CF Modei

ACSW_Cor_19C Std Dev 4.9 9.0 11.6 10.2

ACSW_Cor_19M Std Dev 4.9 7.5 9.8 9.2 «—|

Residual AESW_Cor_19c Std Dev 6.9 8.2 11.2 8.5 | Mult CF Model

Residual ACSW_Cor_19M Std Dev 6.5 6.8 9.4 7.8

Correction
Model ID n Lab D Data Factor Type

14C 100 No Additive
14M 100 No Multiplicative
17C 102 Yes Additive
17M 102 Yes Multiplicative
19C 71 No Additive
19M 71 No Multiplicative

7




e

(-

ISB Correction Factor and RO Blend Target Review

* Table summarizes raw and (model fit) residual standard deviations by
reference oil — using corrected data

e Results indicate that multiplicative correction factor models have smaller
standard deviations - as compared to their additive counterparts

™

Analysis Columns Statistics 830-2 PC10E(821)] PC10B(831) 831-1 831-2 831-3|4 Add CF MOdGi
ACSW_Cor_14C Std Dev 9.0 4.6 4.6 6.1 11.6 102 <
ACSW_Cor_14M Std Dev 9.0 4.6 4.5 4.8 9.1 8.5
Residual ACSW_Cor_14C Std Dev 10.0 4.0 6.0 5.6 111 9.1 T Mlﬂt CF MOdel
Residual ACSW_Cor_14M Std Dev 9.7 4.0 5.6 4.3 8.7 7.7
ACSW_Cor_17C Std Dev 9.0 4.6 4.6 6.1 11.6 11.6
ACSW_Cor_17M Std Dev 9.0 4.6 4.6 4.8 9.3 9.4
Residual ACSW_Cor_17C Std Dev 10.0 4.0 6.0 5.6 111 8.7
Residual ACSW_Cor_17M Std Dev 9.7 4.0 5.6 4.4 8.9 7.4
Cam-Tap Lab D Data Correction
Model ID n Hardware Included? | Factor Type
14C 100 | All Hardware No Additive
14M 100 | All Hardware No Multiplicative
17C 102 | All Hardware Yes Additive
17M 102 | All Hardware Yes

Multiplicatip




