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Summary

For oil 833: 4 out of 5 test results with updated MM calibration and 08/08/2016 filters, are below the
target (one test is very close to target)

For oil 832: 2 out of 4 test results with updated MM calibration and 08/08/2016 filters, are below the
target

Oils similar to 832 with respect to aeration would require a smaller CF when compared to oils at 833
aeration level. Three CF options are summarized in the table below.

Options [Predicted| Target ICF
1-based » Under-corrects 833 and over-corrects 832
on 833 & 10.88 11.305 1.039 nder-corrects and over-corrects
832
2- based 11.37 11.94 1.05 » Over-corrects 832
on oil 833
3-based

_ 10.39 10.67 1.027 » Under-corrects 833

on oil 832

Variability has increased over time.
Discrimination between 832 and 833 is present.

Recommendation: SP may want to revise the standard deviations by oil and also the one applied to
severity adjustments. Appendix 4b shows what how the new Itms would look like.

Option 4: Labs would continue running with new MM calibration and filter applying Severity adjustments
to correct candidate data. For now, no industry correction factors applied. Collect more data over time.

Jim Gutzwiller suggested looking at operational data for each new test and comparing labs.



Data

Qil Comb N Rows

ltms file (Chart = Yes) May 2017 s et :
— Note that 1005, VGRA tests are chart = No 3 ey i
— Total of 50 tests 5 832 15

* 22 matrix tests, 6 |833 23

* 19 after matrix but before recent changes,

* 9 tests, three from each lab, were run under the updated MM
calibration and 08/08/2016 filters

— Out of the 19 after matrix but before recent changes, labs
identified

* 12 with steep aeration profiles and
* 5(2016 filters) with shallow aeration profiles

* Aeration profile for the remaining 2 tests are missing: | assumed they
are steep because they are from May 2015, right after the end of
matrix

— 9 tests (updated MM calibration and 08/08/2016 filters)

* All 9 tests present shallow aeration profiles (see Appendix 2)
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Summary of ltms

0 A triggered Zi alarm
0 B: no alarm

0 G: no alarm



Data visualization
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Average Aeration vs. date by Oil and Lab
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ARVE

Average Aeration vs. date by Oil and Lab
Zooming in oils 832 and 833

AAVE vs. date LTMSLAB
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AAVE

Average Aeration vs. date by Lab and Oil
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Average Aeration yi vs. date by Lab

AAVEyivs. date

“M” represents matrix data
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Average Aeration yi vs. date by Lab and Oil
(subset of oils 832 and 833)

“M” represents matrix data
Square symbol represents New MM cal & Filter
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Average Aeration yi vs. “time” by Lab

another way to look at time (using the Transmitter type, MM Calibration,
Aeration profile)
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Average Aeration yi vs. “time”
Matrix versus “New MM cal and Filter”

AAVEyi vs. Oil Comb/ MM cal & Filter
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Model 1: Lab, Oil comb/MM cal & Filter
Comparing “oil/matrix” and “oil/New MM cal & 08/08/2017 filter”

LS Means Plot: Oil Comb/ MM cal & Filter
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Impact of CF: Options 1to 3



How the (aeration-mean)/std looks like under each CF
option by lab and oil

AAVEyi & 3 more vs. date 0il Comb
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Look at CFs applied to 832 for each lab — Can Severity adjustments do a better job?
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CF Option 1, 2 and 3 applied to latest 9 test results to illustrate
the CF effect on future candidate data — only for oils 832 and 833

CF 1.039, CF1.05, CF 1.027 vs. date L TMSLAB
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CF applied to the 9 tests with new MM cal and

Filters

TESTKEY LTMSLAB Oil AAVE CF1.039 CF 1.05 CF1.027
118883-COAT A 833 11.03 11.46 11.58 11.33
119478-COAT 8 11.11
111344-COAT 2 11.09
111348-COAT A 10.34
120248-COAT B 833 11.01 11.44 11.56 11.31
116607-COAT G 833 11.53 11.98 1211 11.84
116608-COAT G 833 11.91 12.37 12.51 12.23
126228-COAT A

120249-COAT B 833 11.3 11.74 11.87 11.61
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CF 1027

CF 1.039 vs. Oil Comb CF 1.05 vs. Oil Comb
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Standard deviations based on 50 tests
by Technology

allocating DF
tech N Rows Sum(residual squared) proportional to ... |stand dev by tech |divided by N-2

techl 18 1.6608767328 14.04 0.343941948 0.3221875165
tech2 26 3.206432732 20.28 0.3976281213 0.3655152033
tech3 6 0.0924518889 4.68 0.1405513326 0.152029511

@

For reevaluating Itms, | used 0.344 for tech
1, 0.398 for tech 2 and 0.141 for tech 3.
Standard deviation for SA = 0.398
(corresponding to oil 833 — close to the
pass/fail limit).

21



Correction factors comparison by Oil

Avg. Aeration vs. CF Type LTMSLAB
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one could argue 11.0 . running with new MM cal.
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need for a CF, Lo 1 - correct candidate data. For
leaving severity . . : u now, no industry
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Appendix 1:

COAT: Proposal for introducing new filters

Proposal:

— Run two tests at each laboratory: one test with reference oil 833 and
one test with reference oil 832

— Level 2 alarm system in place
e Lab runs athird test if second test result triggers level 2 alarm

— Correction factor implemented if all three labs have level 2 alarms in
the same direction

— Allocation:
Lab
Run # A B G
1 833 832 832
2 832 833 833
3 832 833 833

Additional information

— Test 111343 (01/04/2017) has been run on oil 832 (11.11% aeration);
filter NONOUL => 08/08/2016 filter); Severe
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Appendix 2: Aeration profiles for the 6 tests (updated MM
calibration and 08/08/2016 filters) by Lab
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Last test from Intertek: 833
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Last test from SwRI:

332

Aeration %
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Lubrizol
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Last test from Lubrizol: 833

Caterpiller Oil Aeration Test
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Appendix 3: Models



Dato Tobie=5 5 2017 working
Response AAVE

Whole Model LTMSLAB il Comb/ MM cal & Filter
Actual by Predicted Plot Least Squares Means Table Leverage Plot
13 Least 130
125 Lo M 125 p
A 11096430 011482365 112358 ]
12 8 11034302 0.09056834 11.2971 3 120
M O d e I 1 . L a b 3 G 10991003 0.09111440 111429 §
. ) gus LS Means Plot gus
$n 1B £ 110
2 125 &
. H 105 £ £ 105
7 z
I 10 ns 100
3 }_i——!
95 £ 10s 95
95 10 105 11 115 12 125 13 3™ 100 105 110 15 120
AAVE Predicted RMSE=0.3485 RSq=0.85 10 Oil Comb/ MM cal & Filter Leverage, P<.0001
= A s 6 LS Means Plot
Residual by Predicted Plot LTMSLAB 13
075 LSMeans Differences Tukey HSD : 125
. . a= 0050 Q= 244728 H 12
0so " . Least Zus
Level Sq Mean ; 1
3 > . A A 11096439 3w
'§ . 8 A 11034302 10
1 oo ‘ G A 10991003 s xox e - P
53 A -~ . Levels not connected by same letter are significantly different. g § % g é g 2 3 3§ E é § aé
£ = = E sn
s ! : 23233 §8 3333 ;i
050 . < 38 52
2z 2z
078 . Oil Comb/ MM cal & Filter
s 10 108 1 1s 12 125 13
AN e LSMeans Differences Tukey HSD
0= 0050 Q= 354944
Summary of Fit Least
Rsquare 0846192 Level Sq Mean
uare Adj 0.784669 833/steep A 12.104841
Root MeanSquare Error  0.348535 PC11H/matrix A8 12030712
Mean of Response 123 833/matrix A8 11.986084
Observations (or Sum Wgts) 50 833/New MM cal 80808 2017 Fiter  BC 11367171
Analysis 833/shallow ABCD 11255955
dCiaice £32/08 08 2017 Fiter ABCD 11150578
Sum of PC11Ymatrix CD 10807379
Source  DF  Squares Mean Square F Ratio 832/steep CD 10627395
Model 14 2339120 167079 137540 PC11L/matrix CD 10620712
Error 35 4251680 012148 Prob > F 832/matrix CD 10615171
CTonl 49 27642800 900 PC1L/matrix CD 10487379
832/New MM cal & 08 08 2017 Filter D 1039103
Parameter Estimates 832/shallow D 10074143
Term Estimate Std Error tRatio Prob>[t] VIF Levels not connected by same letter are significantly different.
Intercept 11040581 0059894 18433 <0001 + Contrast
LTMSUAS( A} 00558573 0088098 063 05343 18582083
LTMSLAB 8] -0006279 007454 008 09333 17194499 Test Detail
il Comb/ MM cal & Filter[ PC11H/matrix] 09901308 0198411 499 1+ 25666265 PCIIH/Matrix ° °
il Comb/ MM cal & Filter{ PC11¥/matrix} +0.233203 0.198411 “118 02478 25666265 PC11l/matrix [ L]
il Comb/ MM cal & filter[ PC11)/matrix] 0553203 0198411 -279 25666265 PCIL/matrix ° 0
il Comb/ MM cal & Filter( PC1: B ‘0419869 0108411 212 00415 25666265 PCL1L/matrix ° 0
Oil Comby/ MM cal & Filter(832/matrix] 042541 0155327 274 © 19860972 832/matrix 1 0
il Comby MM cal & filter[832/steep) ‘0413187 0171577 21762118 832/steep 0 0
il Comb; MM cal & Filter(832/shallow] -0966439 0.340547 54226331 832/shallow 0 0
il Comby MM cal & Filter{832/08 08 2017 Filter) 01189972 0333301 51043300 832/08 08 2017 Fiter ° 0
Oil Comb/ MM cal & Filter(832/New MM cal &08 08 2017 Filter]  -0.549546 0.173777 22323813 832/New MM cal & 08 08 2017 Filter 1 0
Ol Comb/ MM cal & filter{833/matrix] 0945503 0156567 20179278 833/matrix ) 1
Oil Comb/ MM cal & 10642602 0.118211  9.00 1+ 16679786 833/steep. 0 0
Oil Comby MM cal & filter(833/shallow] 02153734 0202730 106 02954 26798311 833/shallow 0 0
833/New MM cal & 08 08 2017 Filter 0 1
Effect Tests Estmate 02241 06189
Sum of Std Error 02372 02224
Source Nparm DF  Squares FRatio Prob > F tRatio 03448 27835
LTMsLAS 2 2 0064440 02652 07686 Prob>f 03512 0.0086
Ol Comb/ MM cal & Filter 12 12 23167193 158928 1 ss 01085 09412

SS NumDF DenDF F Ratio Prob > F

1.063 2 35 43753 00201
Contrast
Test Detail
PCLIH/Matrix °
PC11lmatrix 0
PCLLI/matrix 0
PC11L/matrix 0
832/matrix 0s
832/steep 0
832/shall 0
832/08 08 2017 Filter 0
832/New MM cal & 08 08 2017 iter -0
833/matrix 05
833/steep. 0
833/shallow [
833/New MM cal & 08 08 2017 Fiter 05
Estimate 04215
std Error 01600
tRatio 26195
Prob>tf 00129
08336

S§S NumDF DenDF F Ratio Prob > F
o0& 1 35 68619 00129
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Model 1: Comparing oil/matrix and oil/New MM cal &
08/08/2017 filter

LS Means Plot: Oil Comb/ MM cal & Filter
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CF calculations based on

Parameter Estimates

Term Estimate Std Error t Ratio Prob>t|
Intercept 11.04058 0.059894 184.33 <.0001
LTMSLAB[ A] 0.055857 0.088998 0.63 0.5343
LTMSLAB| B] -0.00628 0.074454 -0.08 0.9333
LTMSLAB[ G] -0.04958

Oil Comb/ MM cal & Filter] PC11H/matrix] 0.990131 0.198411 4.99 <.0001
Oil Comb/ MM cal & Filter] PC11l/matrix] -0.2332 0.198411 -1.18 0.2478
Oil Comb/ MM cal & Filter] PC11J/matrix] -0.5532 0.198411 -2.79 0.0085
Oil Comb/ MM cal & Filter] PC11L/matrix] -0.41987 0.198411 -2.12 0.0415
Oil Comb/ MM cal & Filter[832/matrix] -0.42541 0.155327 -2.74  0.0096
Oil Comb/ MM cal & Filter[832/steep] -0.41319 0.171577 -2.41 0.0214
Oil Comb/ MM cal & Filter[832/shallow] -0.96644 0.340547 -2.84  0.0075
Oil Comb/ MM cal & Filter[832/08 08 2017 Filter] 0.118997 0.333301 0.36 0.7232
Oil Comb/ MM cal & Filter[832/New MM cal & 08 08 2017 Filter] -0.64955 0.173777 -3.74  0.0007
Oil Comb/ MM cal & Filter[833/matrix] 0.945503 0.156567 6.04 <.0001
QOil Comb/ MM cal & Filter[833/steep] 1.06426 0.118211 9 <.0001
Oil Comb/ MM cal & Filter[833/shallow] 0.215373 0.202739 1.06 0.2954

Oil Comb/ MM cal & Filter[833/New MM cal& Filter 0.32659

VIF

1.858298
1.71945

2.566627
2.566627
2.566627
2.566627
1.986097
2.176212
5.422633
5.194331
2.232381
2.017928
1.667979
2.679831

1

0.3333
0.3333
0.3333

o

o

MmooouUoo0oo0o0oo0ooo

1
0.3333
0.3333
0.3333

P OO0OO0OO0OO0OO0OO0OO0OO0OO0OOoOo

model 1

0.3333
0.3333
0.3333

OO O0OO0OFr O0O0O0O0OO0OoOo

Predicted Target ICF
10.88 11.305 1.039
11.37 11.94 1.05
10.39 10.67 1.027

example
orig result 11.2
awy 11.6368
833 11.76
832 11.5024

833
832



Model 2 - used to obtain the standard deviation by technology:
Lab, Matrix/transmitter/ cal/ aeration profile, Technology

Response AAVE
‘Whole Model

Actual by Predicted Plot
13

12.5
12 .

115

11 am

AAVE Actual

10 1

95 10 105 11

115 12

125 13

AAVE Predicted RMSE=0.3566 RSq=0.82

PValue<.0001

LTMSLAB

Leverage Plot
130

[

H

H

H

AAVE Leverage Residuals

,_.

95
10.95 11.05 1115 11.25 11.35

LTMSLAB Leverage, P=0.4975

Least Squares Means Table

Effect Summary Least
Level SqMean StdEror  Mean
?"‘:\r“ LD!‘:\;"S";E ; gg;g; A 11154604 0.14335006 112358
ec - El 10997932 011351910 112071
Matrix/Transmy/Cal/profile 2,367 0.00430 = 10962530 042107015 111429
LTMSLAB 0303 0.49748 . .
LS Means Plot
Residual by Predicted Plot 13
075
- o 125
< 050 L 3 12
2 0z - = 115
& 000 o u E—‘—ﬂ———l
w [] w
Z 0.5 = Z 105
< o0 - - T
075 95
a5 10 105 11 115 12 125 13 A 8 ¢
AAVE Predicted LTMSLAB
Box-Cox Transformations LSMeans Differences Tukey HSD
6 o= 0.050 Q= 243631
3 Least
SSE 3 BestA=-2 Level Sq Mean
2 A A 11154604
0 8 A 10997932
20 -15 -10 -05 00 05 10 15 20 G A 10862530
) Levels not connected by same letter are significantly different
Summary of Fit
RSquare 0820577
Rsquare Adj 0774571
Root Mean Square Error 0356614
Mean of Response 11.23
Observations (or Sum Wgts) 50
Analysis of Variance
Sum of
Source DF  Squares Mean Square F Ratio
Model 10 22683039 226830 17.3363
Error 39 4958761 012717 Prob > F
C. Total 49 27642800 <.0001
Effect Tests
Sum of
Source Nparm DF  Squares FRatio Prob > F
LTMSLAB 22 0180800 07108 04975
Matrix/Transm/Cal/profile 6 6 2018506  3.8250 O
tech 2 2 16896566 66.4312 1

Matrix/Transm/Cal/profile
Leverage Plot
130

AAVE Leverage Residuals

105

11.0 B
Matrix/Transm/Cal/profile Leverage, P=0.0043

Least Squares Means Table

Least
Level Sq Mean
matrix 11114502
RFT/criginal/steep 11155936
RFT/criginal/unkn2015  11.637594
RFT/original/shallow 10.374824
PUCK/original/steep 11204679
PUCK/original/shallow 11101350
PUCK/updated/shaliow 10679596
LS Means Plot
, 125
5 12
=115
i}
o 1
Z 105
T
TR 8
E & g
E £
=) 2
& 2
£ =
-
iy
x

115

Std Error
0.08317355
0.15495709
0.27742756
0.23242869
0.19562505
0.27619677
0.13223815

RFT/ariginal/shallow

120

PUCK/original/steep

Mean
111177
11.6343
124050
10.8833
114380
11.2100
109333

PUCK/original/shallow

Matrix/Transm/Cal/profile

LSMeans Differences Tukey HSD

o= 0.050 Q= 31072

Least
Level Sq Mean
RFT/original/unkn2015 A 11637584
PUCK/original/steep A B 11.204679
RFT/criginal/steep AB 11155936
matrix AB 11114509
PUCK/original/shallow A B 11101350
PUCK/updated/shallow B  10.679596
RFT/original/shallow B 10.374824

Levels not connected by same letter are significantly different.

PUCK/updatedyshallow

tech

Leverage Plot

130
L, 125
3 120 /
< 115
g - 1
g 110 "
S 105
E ,{

100

95

105 110 115 120
tech Leverage, P<,0001
Least Squares Means Table
Least

level SqMean StdEmor  Mean
techl 10599478 0.10098883  10.5411
tech? 11846185 0.08043251 11.8308
techd 10.669403 0.18199962 10.6933
LS Means Plot
. 125
1
215
oon
Z 105 1
<

23 techl tech2 techd

tech

LSMeans Differences Tukey HSD
o= 0050 Q= 243631

Least
Level 5q Mean
tech2 A 11.846185
tech3 B 10.669403
techl B 10.599478

Levels not connected by same letter are significantly differant,
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Appendix 4a: Itms by lab with current
targets and standard deviations



Lab A

effective effective ei Fail ei Fail
TESTKEY VAL LTMSAPP LTMSLAB IND Aeration Target rmse Yi Zi ei Yiv2 Ziv2 abs(ei) (level 3) (level 2) SA
1.277792 1.277792

106980-COAT OO 1A PC11K 12.55 11.94 0.285 2.140351 1.53656 0.862559 2.140351 1.53656 0.862559 0 0 -0.43792
107256-COAT AO 1A PC11K 12.24 11.94 0.285 1.052632 1.391381 -0.48393 1.052632 1.391381 0.483928 0 0 -0.39654
107255-COAT AO 1A PC11G 10.8 10.67 0.203 0.640394 1.166085 -0.75099 0.640394 1.166085 0.750987 0 0 -0.33233
108379-COAT AC 1A 833 12.76 11.94 0.285 2.877193 1.679418 1.711108 2.877193 1.679418 1.711108 0 0 -0.47863
108380-COAT AC 1A 833 12.23 11.94 0.285 1.017544 1.480855 -0.66187 1.017544 1.480855 0.661874 0 0 -0.42204
111341-COAT AC 1A 832 10.57 10.67 0.203 -0.49261 0.888816 -1.97347 -0.49261 0.888816 1.973466 0 1 -0.25331
108860-COAT OC 1A 833 11.31 11.94 0.285 -2.21053 -0.04099 -3.09934 -2.21053 -0.04099 3.099342 1 1 0.011681
116584-COAT OC 1A 833 11.21 11.94 0.285 -2.5614 -0.79711 -2.52042 -2.5614 -0.79711 2.520416 1 1 0.227177
111342-COAT AC 1A 832 10.13 10.67 0.203 -2.6601 -1.35601 -1.86299 -2.6601 -1.35601 1.862987 0 1 0.386462
118883-COAT PC 1A 833 11.03 11.94 0.285 -3.19298 -1.9071 -1.83697 -3.19298 -1.9071 1.836975 0 1 0.543524
111348-COAT PC 1A 832 10.07 10.67 0.203 -2.95567 -2.22167 -1.04856 -2.95567 -2.22167 1.048565 0 0 0.633176
126228-COAT PC 1A 832 9.93 10.67 0.203 -3.64532 -2.64876 -1.42365 -3.64532 -2.64876 1.42365 0 0 0.754898
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Lab B

effective effective

ei Fail

ei Fail

TESTKEY VAL LTMSAPP LTMSLAB IND Aeration Target rmse Yi Zi ei Yiv2 Ziv2 abs(ei) (level 3) (level 2) SA
0.471844 0.471844

104081-COAT AO 1B PC11l 10.9 10.92 0.139 -0.14388 0.287125 -0.61573 -0.14388 0.287125 0.615729 0 0 -0.08183
103459-COAT AO 1B PC11K 12.23 11.94 0.285 1.017544 0.506251 0.730419 1.017544 0.506251 0.730419 0 0 -0.14428
103625-COAT AO 1B PC11G 10.78 10.67 0.203 0.541872 0.516937 0.035621 0.541872 0.516937 0.035621 0 0 -0.14733
103957-COAT AO 1B PC11L 10.73 10.73 0.139 0 0.361856 -0.51694 0 0.361856 0.516937 0 0 -0.10313
103465-COAT AO 1B PC11J 10.33 10.6 0.203 -1.33005 -0.14572 -1.69191 -1.33005 -0.14572 1.691905 0 0 0.041529
103452-COAT AO 1B PC11H 12.08 12.14 0.285 -0.21053 -0.16516 -0.06481 -0.21053 -0.16516 0.064811 0 0 0.04707
103453-COAT AO 1B PC11H 12.34 12.14 0.285 0.701754 0.094915 0.866913 0.701754 0.094915 0.866913 0 0 -0.02705
103466-COAT AO 1B PC11J 10.57 10.6 0.203 -0.14778 0.022106 -0.2427 -0.14778 0.022106 0.242698 0 0 -0.0063
103958-COAT AO 1B PC11L 10.51 10.73 0.139 -1.58273 -0.45935 -1.60484 -1.58273 -0.45935 1.604839 0 0 0.130914
103626-COAT AO 1B PC11G 10.5 10.67 0.203 -0.83744 -0.57277 -0.37809 -0.83744 -0.57277 0.378092 0 0 0.163241
103460-COAT AO 1B PC11K 11.71 11.94 0.285 -0.80702 -0.64305 -0.23424 -0.80702 -0.64305 0.234244 0 0 0.183268
105877-COAT AO 1B PC11lI 10.74 10.92 0.139 -1.29496 -0.83862 -0.65192 -1.29496 -0.83862 0.651917 0 0 0.239007
108857-COAT OC 1B 833 12.57 11.94 0.285 2.210526 0.076122 3.049148 2.210526 0.076122 3.049148 1 1 -0.02169
108858-COAT AC 1B 833 12.24 11.94 0.285 1.052632 0.369075 0.976509 1.052632 0.369075 0.976509 0 0 -0.10519
110230-COAT AC 1B 833 12.03 11.94 0.285 0.315789 0.353089 -0.05329 0.315789 0.353089 0.053286 0 0 -0.10063
110736-COAT AC 1B 832 10.72 10.67 0.203 0.246305 0.321054 -0.10678 0.246305 0.321054 0.106784 0 0 -0.0915
111033-COAT AC 1B 833 11.75 11.94 0.285 -0.66667 0.024738 -0.98772 -0.66667 0.024738 0.987721 0 0 -0.00705
115075-COAT AC 1B 833 11.38 11.94 0.285 -1.96491 -0.57216 -1.98965 -1.96491 -0.57216 1.98965 0 1 0.163065
119478-COAT PC 1B 832 10.82 10.67 0.203 0.738916 -0.17884 1.311073 0.738916 -0.17884 1.311073 0 0 0.050968
120248-COAT PC 1B 833 11.01 11.94 0.285 -3.26316 -1.10413 -3.08432 -3.26316 -1.10413 3.084323 1 1 0.314678
120249-COAT PC 1B 833 11.3 11.94 0.285 -2.24561 -1.44658 -1.14148 -2.24561 -1.44658 1.141482 0 0 0.412274
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Lab G

effective effective ei Fail ei Fail
TESTKEY VAL LTMSAPP LTMSLAB IND Aeration Target rmse Yi Zi ei Yiv2 Ziv2 abs(ei) (level 3) (level 2) SA
-1.19176 -1.19176

103954-COAT AO 1G PC11L 10.56 10.73 0.139 -1.22302 -1.20114 -0.03126 -1.22302 -1.20114 0.031261 0 0 0.342325
103455-COAT OO 1G PC11H 11.61 12.14 0.285 -1.85965 -1.39869 -0.65851 -1.85965 -1.39869 0.65851 0 0 0.398627
103468-COAT AO 1G PC11J 10.5 10.6 0.203 -0.49261 -1.12687 0.906081 -0.49261 -1.12687 0.906081 0 0 0.321157
103462-COAT OO 1G PC11K 11.25 11.94 0.285 -2.42105 -1.51512 -1.29419 -2.42105 -1.51512 1.294185 0 0 0.43181
104083-COAT AO 1G PC11l 10.72 10.92 0.139 -1.43885 -1.49224 0.076274 -1.43885 -1.49224 0.076274 0 0 0.425289
103629-COAT AO 1G PC11G 10.63 10.67 0.203 -0.19704 -1.10368 1.295197 -0.19704 -1.10368 1.295197 0 0 0.314549
106458-COAT AO 1G PC11G 10.31 10.67 0.203 -1.7734 -1.3046 -0.66972 -1.7734 -1.3046 0.669717 0 0 0.37181
110235-COAT AC 1G 832 10.63 10.67 0.203 -0.19704 -0.97233 1.107553 -0.19704 -0.97233 1.107553 0 0 0.277114
110728-COAT AC 1G 832 10.54 10.67 0.203 -0.64039 -0.87275 0.331937 -0.64039 -0.87275 0.331937 0 0 0.248734
111346-COAT AC 1G 833 11.73 11.94 0.285 -0.73684 -0.83198 0.135908 -0.73684 -0.83198 0.135908 0 0 0.237114
111347-COAT AC 1G 833 12.17 11.94 0.285 0.807018 -0.34028 1.638995 0.807018 -0.34028 1.638995 0 0 0.09698
112704-COAT AC 1G 833 11.31 11.94 0.285 -2.21053 -0.90135 -1.87025 -2.21053 -0.90135 1.870247 0 1 0.256886
112705-COAT AC 1G 833 12.12 11.94 0.285 0.631579 -0.44147 1.532932 0.631579 -0.44147 1.532932 0 0 0.12582
111343-COAT OC 1G 832 11.11 10.67 0.203 2.167488 0.341215 2.608961 2.167488 0.341215 2.608961 1 1 -0.09725
111344-COAT PC 1G 832 10.8 10.67 0.203 0.640394 0.430969 0.299179 0.640394 0.430969 0.299179 0 0 -0.12283
116607-COAT PC 1G 833 11.53 11.94 0.285 -1.4386 -0.1299 -1.86957 -1.4386 -0.1299 1.869565 0 1 0.037022
116608-COAT PC 1G 833 11.91 11.94 0.285 -0.10526 -0.12251 0.024638 -0.10526 -0.12251 0.024638 0 0 0.034915
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Appendix 4b: Itms by lab with current
targets and revised standard
deviations



Lab A

TESTKEY

106980-COAT
107256-COAT
107255-COAT
108379-COAT
108380-COAT
111341-COAT
108860-COAT
116584-COAT
111342-COAT
118883-COAT
111348-COAT
126228-COAT

VAL  LTMSAPP LTMSLAB IND Aeration  Target -Yi

00
AO
AO
AC
AC
AC
ocC
ocC
AC
PC
PC
PC

1A
1A
1A
1A
1A
1A
1A
1A
1A
1A
1A
1A

PC11K
PC11K
PC11G
833
833
832
833
833
832
833
832
832

12.55
12.24

10.8
12.76
12.23
10.57
11.31
11.21
10.13
11.03
10.07

9.93

11.94
11.94
10.67
11.94
11.94
10.67
11.94
11.94
10.67
11.94
10.67
10.67

0.398
0.398
0.344
0.398
0.398
0.344
0.398
0.398
0.344
0.398
0.344
0.344

1.532663
0.753769
0.377907
2.060302
0.728643
-0.2907
-1.58291
-1.83417
-1.56977
-2.28643
-1.74419
-2.15116

Zi
0.888113
1.081478
0.983165
0.801588
1.179202
1.044034
0.643615

-0.02434
-0.56729
-0.86803
-1.29355
-1.42874
-1.64547

ei

0.64455
-0.32771
-0.60526

1.258714
-0.45056
-1.33473
-2.22653
-1.80983
-1.00248

-1.4184
-0.45063
-0.72242

effective Yiv2 effective Ziv2 abs(ei)

1.532663317
0.753768844
0.377906977
2.060301508
0.728643216
-0.290697674
-1.582914573
-1.834170854
-1.569767442
-2.286432161
-1.744186047
-2.151162791

0.88811305
1.08147813
0.98316534
0.80158783
1.17920194
1.04403432
0.64361472
-0.02434407
-0.5672921
-0.8680347
-1.29355394
-1.42874357
-1.64546934

0.64455
0.327709
0.605258
1.258714
0.450559
1.334732
2.226529
1.809827
1.002475
1.418397
0.450632
0.722419

ei Fail
Lewel 3

OO0 O0OO0OO0OFr OO0 O0O0OO0oOOo

ei Fail
level 2

OO0 O0OO0OkFrFOOOOOoOOo

SA

-0.43043

-0.3913
-0.31903
-0.46932
-0.41553
-0.25616
0.009689
0.225782
0.345478
0.514834

0.56864
0.654897
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Lab B

TESTKEY

104081-COAT
103459-COAT
103625-COAT
103957-COAT
103465-COAT
103452-COAT
103453-COAT
103466-COAT
103958-COAT
103626-COAT
103460-COAT
105877-COAT
108857-COAT
108858-COAT
110230-COAT
110736-COAT
111033-COAT
115075-COAT
119478-COAT
120248-COAT
120249-COAT

VAL  LTMSAPPLTMSLAB IND  Aeration Target -Yi

AO
AO
AO
AO
AO
AO
AO
AO
AO
AO
AO
AO
ocC
AC
AC
AC
AC
AC
PC
PC
PC

1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B

PC11l
PC11K
PC11G
PC11L
PC11J
PC11H
PC11H
PC11J
PC11L
PC11G
PC11K
PC11l
833
833
833
832
833
833
832
833
833

10.9
12.23
10.78
10.73
10.33
12.08
12.34
10.57
10.51

10.5
11.71
10.74
12.57
12.24
12.03
10.72
11.75
11.38
10.82
11.01

11.3

10.92
11.94
10.67
10.73

10.6
12.14
12.14

10.6
10.73
10.67
11.94
10.92
11.94
11.94
11.94
10.67
11.94
11.94
10.67
11.94
11.94

0.141
0.398
0.344
0.141
0.344
0.398
0.398
0.344
0.141
0.344
0.398
0.141
0.398
0.398
0.398
0.344
0.398
0.398
0.344
0.398
0.398

-0.14184
0.728643
0.319767

0

-0.78488

-0.15075
0.502513

-0.08721

-1.56028

-0.49419

-0.57789

-1.2766

1.582915
0.753769
0.226131
0.145349

-0.47739

-1.40704
0.436047

-2.33668

-1.60804

0.169
0.337
0.332
0.232
-0.073
-0.096
0.083
0.032
-0.446
-0.460
-0.495
-0.730
-0.036
0.201
0.208
0.190
-0.011
-0.429
-0.170
-0.820
-1.056

ei

-0.44403
0.559664
-0.01711
-0.33175
-1.01711
-0.07784
0.598776
-0.17058
-1.59248
-0.04864
-0.11775
-0.78113
2.312718
0.789757
0.025192
-0.06315
-0.66694
-1.39651
0.865528
-2.16686
-0.78816

effective Yiv2 effective Ziv2 abs(ei)

-0.14
0.73
0.32
0.00

-0.78

-0.15
0.50

-0.09

-1.56

-0.49

-0.58

-1.28
1.58
0.75
0.23
0.15

-0.48

-1.41
0.44

-2.34

-1.61

0.3021889
0.17
0.34
0.33
0.23
-0.07
-0.10
0.08
0.03
-0.45
-0.46
-0.50
-0.73
-0.04
0.20
0.21
0.19
-0.01
-0.43
-0.17
-0.82
-1.06

0.444033
0.559664
0.017111
0.331745
1.017105
0.077844
0.598776
0.170579

1.59248
0.048638

0.11775
0.781131
2.312718
0.789757
0.025192
0.063148
0.666939
1.396506
0.865528

2.16686
0.788159

level 3 ei
alarm

OFR OO0 0000 FrRPR OO0ODO0ODO0OO0OO0OO0OO0OO0OOoOOoOOo

level 2 ei
alarm

OFRPR OO0 0000 FRPR OO0OO0OO0OO0OO0OO0OO0OO0OOoOOoOOo

SA

-0.06725
-0.13408
-0.13203
-0.09242
0.029018
0.038313
-0.03318
-0.01281
0.177328
0.183135
0.197195
0.290462
0.014323
-0.07997
-0.08298
-0.07544
0.004191
0.170934
0.06759
0.326313
0.420419
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Lab G

TESTKEY

103954-COAT
103455-COAT
103468-COAT
103462-COAT
104083-COAT
103629-COAT
106458-COAT
110235-COAT
110728-COAT
111346-COAT
111347-COAT
112704-COAT
112705-COAT
111343-COAT
111344-COAT
116607-COAT
116608-COAT

VAL  LTMSAPPLTMSLAB IND  Aeration Target -Yi

AO
(]e)
AO
(e]e]
AO
AO
AO
AC
AC
AC
AC
AC
AC
ocC
PC
PC
PC

PR RPRPRPRPRPRRPRRRRERRRERRERER
[oNoNoNoNoNoNoNoNaNoNoNoNoNoNoNaNe)

PC11L
PC11H
PC11J
PC11K
PC11l
PC11G
PC11G
832
832
833
833
833
833
832
832
833
833

10.56
11.61

10.5
11.25
10.72
10.63
10.31
10.63
10.54
11.73
12.17
11.31
12.12
11.11

10.8
11.53
11.91

10.73
12.14

10.6
11.94
10.92
10.67
10.67
10.67
10.67
11.94
11.94
11.94
11.94
10.67
10.67
11.94
11.94

0.141
0.398
0.344
0.398
0.141
0.344
0.344
0.344
0.344
0.398
0.398
0.398
0.398
0.344
0.344
0.398
0.398

-1.20567
-1.33166
-0.2907
-1.73367
-1.41844
-0.11628
-1.04651
-0.11628
-0.37791
-0.52764
0.577889
-1.58291
0.452261
1.27907
0.377907
-1.03015
-0.07538

-0.94268
-1.02158
-1.1146
-0.86743
-1.1273
-1.21464
-0.88513
-0.93355
-0.68837
-0.59523
-0.57495
-0.2291
-0.63524
-0.30899
0.167426
0.230571
-0.14765
-0.12597

ei

-0.263
-0.31008
0.823903
-0.86624
-0.29114
1.098364
-0.16138
0.817268
0.31046
0.067591
1.152841
-1.35382
1.087505
1.588062
0.210481
-1.26072
0.072269

effective Yiv2 effective Ziv2 abs(ei)

-1.205673759
-1.331658291
-0.290697674
-1.733668342
-1.418439716
-0.11627907
-1.046511628
-0.11627907
-0.377906977
-0.527638191
0.577889447
-1.582914573
0.452261307
1.279069767
0.377906977
-1.030150754
-0.075376884

-0.94267657
-1.02157573

-1.1146005
-0.86742965
-1.12730126

-1.2146428
-0.88513368
-0.93354706
-0.68836666
-0.59522876
-0.57495159
-0.22909928
-0.63524387
-0.30899231

0.16742631

0.23057051
-0.14764587
-0.12596517

0.262997
0.310083
0.823903
0.866239
0.291138
1.098364
0.161378
0.817268

0.31046
0.067591
1.152841
1.353815
1.087505
1.588062
0.210481
1.260721
0.072269

level 3 ei
alarm

OO0 0000000000000 OoOOo

level 2 ei
alarm

OO0 0000000000000 OoOOo

SA

0.406587
0.443611
0.345237
0.448666
0.483428
0.352283
0.371552
0.27397
0.236901
0.228831
0.091182
0.252827
0.122979
-0.06664
-0.09177
0.058763
0.050134
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Extra tables and plot



AAVEyi

Labs B and G only

833 - Down
; AAVEyi vs. Qil Comb/ MM cal & Filter but a lot of oil comb; MM cal & Filter
. . Overlap . PCllemat_rix
2 ¢ PClil/matrix
U p? ) * PCllJ/matrix
Y m . % e PC1il/matrix
\ / s . * 832/matrix
01 M M 1 A M B . 832/steep
L 1 M . » L) » §32/08 08 2017 Filter
; M M - 832/Mew MM cal & 08 08 2017 Filter
o M / 1 . * 833/matrix
_, L ® B33/ /steep
3 833/shallow
B | e 833/Mew MM cal & 08 08 2017 Filter
-4
{,‘{Si‘d- {,‘{Si‘d- {,‘{n& {,‘{Si‘& {,\{5?- ﬁ@e’q @'-\'E} @'-\'E} &m“d- ‘_,,@E‘Q @‘5@ ('(\'\'é
S A A & ’L“’;\ ’L“’;\ & & *?’\‘EF ’L“’;\
L & IS ¥
& i i
& s 5
[ & [ &
&
o &
o o
e e

il Comby MM cal & Filter
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Mean and Standard deviation by Oil:

50 tests

Qil Comb N Rows Mean(AAVE)

PC11H
PCL1I
PC11)
PC11L
832
833

3 12.01
3 | 10.78666666666T
3 | 10.46b66660BG6ET
3 10.6
15 10.556
23 11.807391304348

Std Dev(AAVE)

0.37
0.0986576572463
0.1234233005438
0.115325625%467
0.3226408883839
0.5222174520154
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Qil Comb
g3z
832
832
833
833
833

Mean and Standard deviation by Oil:
O tests, before and after CF applied

LTMSLAE N Rows Mean(AAVE) Mean(CF 1.027) Mean(CF 1.039) Mean(CF 1.05) 5td Dev(AAVE)

[y == I = vy R == T =)

2

Pd | ba | = | =]

10 10.27
10.82 11.11
10.8 11.09
11.03 11.33
11.155 11.46
11.72 12.035

10.39
11.24
11.22
11.46
11.59
12.175

10.5 | 0.0989940493661

11.36 -
11.34 .
11.58 .

11.715 | 0.2050609665441
12.31 | 0.2687005768509



