TGC Review of Lubricant Test
Target Setting and Monitoring

PITTSBURGH, PA
OCTOBER 18, 2022
PREPARED BY TRAVIS KOSTAN, SWRI



Disclaimer

The presentation was put together by Travis Kostan from Southwest
Research Institute. Due to the wide range of topics discussed, it was
agreed in advance by the statistics group that a presentation of
consensus opinions would not be feasible in a timely manner. The full
statistics group met several times to discuss the material, and many
contributions from others are included, but the final version is not
expected to represent the full range of opinions.




Presentation Objective

The purpose of this presentation is to increase industry awareness about some current practices in

place to develop and monitor lubricant tests that have become highlighted recently as needing
further discussion amongst TGC members.

Specifically, we will discuss precision matrix target setting and control chart monitoring.
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Some Background on Control Charts
Precision Matrix Statistical Design, Execution, and Target Setting

Post-Matrix Process Options for Discussion
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Some Background on
Control Charts




Control Charts

From LTMS Section 1 first paragraph:

“The purpose of the control charts is to monitor and track both large abrupt changes and smaller consistent
trends in both test severity and precision. The Shewhart charts check for abrupt changes while the
Exponentially Weighted Moving Average (EWMA) charts check for consistent changes and trends over time.”

The document lists 5 control charts:

Shewhart Chart for Monitoring Severity (think Yi’s)
Shewhart Chart for Monitoring Precision (think Ri’s)
EWMA Chart for Monitoring Severity (think Zi’s)
EWMA Chart for Monitoring Precision (think Qi’s)
Shewhart Chart for Prediction Error (think ei’s)
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In addition to those list above, Cumulative Sum (CUSUM) charts are also given in many test types.




Steps for Control Chart Monitoring

1. Sufficient chart knowledge and understanding, so that proper charts are put in place for
monitoring.

2. Understanding the factors and changes that may affect control chart behavior.

Proper problem identification.

4. Consequences and action steps to resolve problems when they arise.
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Proper Charts In Place for Monitoring

When establishing an LTMS, the Surveillance Panel should put in place the proper charts to
monitor the test as they see fit.

Many of the newer test types have elected to monitor long term severity (EWMA) with Zi values,
and abrupt severity and precision is measured indirectly through ei values (Yi — Z(i-1)). When an
industry Zi alarm is triggered, an email is automatically generated by TMC and sent to the
Surveillance Panel chair and the test sponsor.

Most recently developed tests do not monitor long-term precision changes through control charts.
Instead, TMC produces a review of standard deviations every six months and this is presented at
the semi-annual D02 Subcommittee B meetings.

CUSUM charts are an additional way to monitor long-term severity. They are not used for pass/fail
or for industry alarms. Unfortunately, these charts are the most commonly misinterpreted...




Cumulative Sum (CUSUM) Charts

The CUSUM chart is a time ordered summation of the Yi values.
Recall,

Result — Target CUSUM; = CUSUM;_, + Yi

i

~ Standard Deviation

Deviation
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1 8 7 1 1 1
2 8 7 1 1 2
3 9 7 1 2 4
4 7 7 1 0 4
5 7 7 1 0 4




Cumulative Sum (CUSUM) Charts

Two hypothetical CUSUM plots are shown below. From these graphs, can you identify:
1. Which CUSUMs are concerning and potentially indicating a test having severity problems?
2. Which test is in worse shape based on the plots?
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Cumulative Sum (CUSUM) Charts

Clearly only the test corresponding the CUSUM #2 is having a major severity issue. The scaling of the Y-axis
on the CUSUM completely determines the angle of the CUSUM, which is often mistakenly used by many to
say a test is having a severity problem. One must keep in mind that a sum of very small values can still look

severe depending on the scaling.
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Cumulative Sum (CUSUM) Charts

Below is an example using the L-37-1 Pinion Gear Ridging parameter. The CUSUM is heading down at a 45
degree angle, but the test is not out of control.
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Cumulative Sum (CUSUM) Charts

In the two hypothetical CUSUM charts below, which test is in better shape after test 1007?
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Cumulative Sum (CUSUM) Charts

The flat slope seen in the second CUSUM represents on target performance.

CUSUM #2
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The Point

e Y-axis scaling can greatly influence the slope of a CUSUM chart.

* CUSUM plots are useful to see whether a test has been “on average” severe or mild by the recent
direction of the line but should not be used to assess the degree of severity of a test. For that, the EWMA
plot is the appropriate plot.

* CUSUM plots are also good for identifying inflection points when a test may have “changed” severity, such
as in the plot below.

CUSUM, 221, A




EWMA Severity Charts

The most commonly used chart to determine whether or not a test is “in-control.”

e Z;isour best guess as to the current severity level of the industry.
* Z; = EWMA of the standardized test result at test order i
¢« Zi=2xYi+ (=) *Z_,
, Where 0 < A < 1 is the weight factor, which determines by how much we “update” the Z; value based
on the current result (Y;).

Example

* Current Industry severity level is half a standard deviation severe (Z; = 0.5).
* New reference test is run and is 2 standard deviations severe (Y;;; = 2.0)
e A Surveillance Panel chooses 20% lambda to “update” severity, so the new industry severity level is

Ziv1 = 20% x 2.0 + 80% x 0.5 = 0.8




EWMA Severity Charts

Sequence IIIH Example

* EWNMA charts typically have a “warning” limit and
an “action” limit. LUBRICANT TEST MONITORING SYSTEM CONSTANTS

* When an industry warning or action limit is

Stand
exceeded, the surveillance panel chair and test EWMA Chart Prediction Error
sponsor are notified by email. Severity Severity

Chart Level | Limit Type | Lambda | Alarm Limit Type Limit
Level 1 0.000 Level 1 N/A
Stand Level 2 0.3 +1.800 Level 2 +1.734
Level 3 12.066
Level 1 +0.775 - —
Industry 0.2
Level 2 +0.859 - -




How Often are Industry Severity Limits Exceeded?

As the following slides will demonstrate, a test going into an out of control state has become a
frequent and almost expected behavior...




How Often are Industry Severity Limits Exceeded?
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How Often are Industry Severity Limits Exceeded?
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How Often are Industry Severity Limits Exceeded?
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How Often are Industry Severity Limits Exceeded?
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Just a Few Reasons Why

* Precision matrix data testing is often less than recommended and some amount of
target inaccuracy is to be expected.

* Precision matrix test logistics often do not represent test conditions over the life of
the test. Standard deviations increase with introduction of new labs, stands, parts,
reference oil age, raters, time, etc.

* Monitoring methodology may not match target setting methodology.

* Significant lab differences may exist in the precision matrix which can contribute to
the appearance of off-target performance post-precision matrix.




Some Additional Details are Necessary

Discussion is needed on why so many alarms occur, how to reduce them, and actions for SP
chairs to take when tests are outside the control limits. However, it is important than each
person have a good understanding of some of they key factors at play prior to having this
discussion.

The following sections are intended to provide the necessary details to help facilitate this
discussion later today.




Precision Matrix Design and
Target Setting




What is a Precision Matrix?

The primary purpose of the precision matrix is to establish baseline reference oil performance that can be
used to monitor the state of the test over time.

Some key items should be considered carefully to best achieve this stated goal, such as:
1. What is to be monitored (discrimination, precision, target performance at P/F limit, etc.)?

2. What reference oils are required to accomplish #17?
3. How many labs and stands? How many tests per lab-stand?

We will save the discussion of #1 and #2 for another day, and focus on #3, as it relates to the current topics
of discussion most directly.




How many tests?

« ASTM D6300
* 30 error degrees of freedom for repeatability
e 30 error degrees of freedom for reproducibility
* In particular for engine testing, a large precision matrix coming anywhere near ASTM D6300
requirements is too costly and time consuming, so a common approach has been “as much testing as
we can fund,” which is typically insufficient and can result in costly problems later down the road.

To best answer the question of how many labs, stands, and test per combination, we need to have more in-
depth discussion around the how various precision matrix designs change our ability to estimate
repeatability vs. reproducibility and the potential impacts on test monitoring. This is discussed next...




What are repeatability degrees of freedom?

Roughly speaking, a degree of freedom can be thought of as an extra data point above and beyond
what is required to estimate the model variables. A higher number of repeatability degrees of
freedom leads to better estimates of test precision, including pooled and individual oil standard

deviations.




What are repeatability degrees of freedom?

RO1 T RO2 20
The Model is: 9.5 -EEQ
Rating = Intercept
All of the data is required for the g
estimation of the oil mean, and
we have nothing left to estimate 8.5
variability. g
&
Result: o °
0 total degrees of freedom
7.5
7]
Lab A Lab B Lab A Lab B

Lab




What are repeatability degrees of freedom?

The Model is: oil Lab

RO1 RO2
1 ®lab A
Rating 95 °Lab B

= Intercept + (f; * RO2)

9 °
All of the data is required for the
estimation of the oil means, and 8.5 /
we have nothing left to estimate f%n
variability. < N . 1 New Data Point

1 New Mean to Estimate
Result: Net O degrees of freedom gained
0 total degrees of freedom

Lab A Lab B Lab A Lab B
Lab




What are repeatability degrees of freedom?

. oil Lab
The Model is: RO1 RO2 oLab A
Rating 95 *LabB

= Intercept + (1 * RO2)

One extra data point obtained,
with no new variables. We can
now get our first estimate of a

standard deviation.

8.5

Rating

1 New Data Point

g ’ 0 New Means to Estimate
Result: Net 1 degrees of freedom gained
1 total degree of freedom . 8 8
7 °
Lab A Lab B Lab A Lab B

Lab




What are repeatability degrees of freedom?

Qil Lab
The Model is: o5 - - . e
Rating
= Intercept + (1 * RO2) + (B,
* LabB) %] :
The new data pointis requiredto 45
estimate the differences between 2
labs, so we don’t gain any 5 _
degrees of freedom for d ’ tNew BataPomnt—
estimating variability. 1 New Variable to Estimate
- Net O degrees of freedom gained
Result:
1 total degree of freedom
7 °
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What are repeatability degrees of freedom?

Oil Lab
RO1 RO2

The Model is: o5 . e
Rating
= Intercept + (1 * RO2) + (B,

9 ° .
* LabB)
There are four new data points ed ‘
and no new model variables, so =

. o
alfl:ourdpomts count as degrees 8 . . 4 New Data Points
of freedom. O New Variable to Estimate
75 . Net 4 degrees of freedom gained

Result:
5 total degrees of freedom

7 °

Lab A Lab B Lab A Lab B

Lab

Main Idea: Our ability to estimate the repeatability of the test increases as the difference between total data points and
# of variables increases.




Question

Question:

If time wasn’t a factor, would it then be better to run the whole precision matrix on a single lab-stand
combination to minimize variables and maximize repeatability degrees of freedom?

Answer:
No, because we need additional lab and stands to estimate reproducibility.




Example

. B -I
Let’s pretend only one lab is . o o La:

available for precision matrix 10.0°
testing, and the data shown
in the plots was used to 95
generate means, standard
deviations and test pass/fail _ %9 .
limits. =

o

P/F limit can be based on well-
known means from this lab-
stand.

o
o
S ° 33

Lab-Stand




Example

Lab-stands entering the system
post-precision matrix may not

match the severity level of the
precision matrix lab or labs.

Typical Responses:

1) Labs will have to
troubleshoot until the can
move their severity to
appropriate levels.

2) The labs should have
participated in the precision
matrix to have their data
counted in target setting.

9.5-

Result:

Confidence interval on LTMS RO means are smaller with less labs, but only
apply to the lab(s) in the matrix. Non-participating labs may have trouble
calibrating. Standard deviation of RO results will increase.
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ROT RO2 oA
*B1
° o C1
°
.
o0
°
o
.
o
. ° o00
e ™
°
H
°
4
°
oo
™
oo
. . °
°
( | ] b o0
L °
L4 ese
oo °
Al B1 C1 Al B1 C1

Lab-Stand




EWMA from Example

Assuming equal run frequency, the previous example would immediately be out of control and look
something like the graph below.

—EWMA
2 * EWMA

Count




Result:

An Oth er Exa M p | - RO Mean considers more labs, but the uncertainty of the means will be huge. The
repeatability estimate will also be poor with a lack of repeatability degrees of freedom.

The example considers more oil Lab
labs but doesn’t get many Lo s oA
repeats at any of the 9.5 ’ i -
combinations, so our test ‘ °D
repeatability estimate could be 00, o . o
very inaccurate. ' .
.
Do we have concerning lab 5 8.5
differences, or is it just %
variability of the test? e ’ o
80 e .
.
7.5 :
.
7.0
Al B1 C1 D1 E1 Al B1 C1 D1 E1
Lab-Stand




The Point

Choosing the right combination of labs, stands, and

Balancing repeatability and reproducibility in
PM Design based on stand-to-stand variability.

number of tests is a balancing act: Standard Deviation of True Oil Mean from a 24 Run Design, with 2 Oils, as a
Function of # of Stands and Ratio of Stand Variance to Determination Variance
* Need as many labs and stands as possible to understand 1 .
industry wide reproducibility and to ensure oil targets \
are representative of industry performance. | \\ fo e Ity vrscs evtimating he s for 2 Tem Stand
* Need as large of a difference as possible between data \\ )
points and variables to increase repeatability degrees of -

. [AY

——Ratio=0.2
© #—Ratio=0.4

0.6 o
o =3é=Ratio=0.6
.\ % —He—ratio=0.8

0.5 O~ Ratio=1
o

freedom.
* Methods exists to find optimal combinations for
precision matrix designs but may be limited by

Relative Standard Deviation

04 \ A
participants and resources. We should make better use -
of these methods and power calculations in the future, | | | | | | |
but again we will save that discussion for another day. ° 1 T mbworrensantinmosein 6 ’




Setting Targets, Critical Question

When lab differences exists in the precision matrix, what do we do?

1. Accept differences as acceptable?
2. Reject data and use targets based on other labs data?
3. Down-weight data in target setting?

The way lab differences are treated in the precision matrix will inform expectations for control chart
monitoring.




Discussion Point

* Hypothetical Data shown in R(::z La:
the plot to the right. 8.5 B
* Lab A and Lab B ran twice . .
as many data points on this ¢
oil. . v
* Labs Cand D about 0.50- 80 . . .
0.75 merits more severe. .
(@)} ® ® L °
£
E [ ]

Critical Question:
Where is the right place to 75 .
set the mean for this
reference oil?

70
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Options for Reference Oil Target Mean

The most traditional method used oil Lab
in the development of PC-11 and o5 i A
GF-6 engine oils testing was ' . oC
through model least squares (LS) . °P
means. The approach gives a o .

mean as the average of lab Homogeneous Data Mean

averages (so here, 25% weight
each lab). A simple mean would

80 e ® [ ]

Simple Mean

o)) ° . ° .
give Lab A (1/3) weight, Lab B £ BMean .
(1/3), Labs C (1/6), and Lab D * g
(1/6). 7.5 @ .
- - - - 7.0
AT A2 B1 B2 C1 D1
*not an exhaustive list of options Lab-Stand




One Potential Problem with LS Means

Data Simulation Based on LS Mean Target of 7.74 and simple std. dev of 0.34

1.5

The LS mean requires the
assumption of equal run frequency
among labs in order to remain “on-
target.”

If Labs A and B generate twice as
much data as labs C and D, the test
will be expected to be on average
mild of target based on this PM
data.

Lab Prob..of Distribution
Selection

1/3 Normal(8.10,0.16)
1/3 Normal(7.97,0.22)
1/6 Normal(7.29,0.16)
1/6 Normal(7.59,0.15)

O O ®m >

EWMA

IS
i"i ﬁlj irlwl [.'l ’ﬁfl;,.

-1.0

—EWMA
* EWMA

I

Count

The point:
Traditional control chart monitoring will center the charts using weights based on
run frequency. More on this and other options later...




VVH Rocker Cover Sludge

In the VH test, only two data points
were considered valid from Lab E.
Based on relative severity to other
labs, an expected 940 performance
could be predicted, and Lab E data
still contributed 25% of the weight in
reference oil target setting.
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From VH Severity Task Force Slides

LTMSLAB « 031

* Lab E’s lowest 940 result is 7.50, A . ° : . . 240

= 1009

substantially higher than the 6.67 | . N oy o
projected via the Precision Matrix %? @ T - g o

model. all :{ -
i : N E -

* Lab E has the, or among the, lowest RAC
for 931, 1009 and 1011 but is mid-range I
for 940. (Note, this does not appear to Rac
be a transformation issue because E’s
931 is in the lower region of its 940 .
results.)
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* The 2 lowest RACs are 6.40 (Lab A) and
6.73 (Lab G). The rest are 7.00 or higher.

FFISE PP F PESE F FESH F P I
'\

IND




VH RAC Severity EWMA

LTMS Severity Analysis
The mildness of the VH RAC is M.
entlr.e!y expect.ed based on'the § E E E E E E g % E E E
precision matrix target setting & z s 5 s 3 & 58 z 5z
methodology and the lack of data ] ‘ h
. . “ ] . 3 i —
following the matrix from Lab E. < R i f
S
§
2
2
o I —— I R — [ S R I S [ P ————t -
oW
1.
0 g 1 2 3 4 5 6 7 a8 9 g 1 1 1 1
8 7 5] 5 4 3 2 1 0 9 0 1 2 3
8 T i 5
Severe COUNT IN COMPLETION DATE ORDER




So Where Do We Set Targets?

* There can be no “one-size” fits all approach to setting targets.

* The ideal situation is that all labs would have an equal amount of runs in the precision matrix,
and no lab differences would exist.

* Labs often generate different amounts of data. Should labs with more data be given more
weight? Does the answer depend on how much data each lab is expected to generate post-PM?

 When lab differences exist, the target setting methodology will play a key role in determining
control chart expectations. How do we approach lab differences? What would we have done
differently in the VH case when Lab E only had two acceptable runs?




Post-Precision Matrix Process
Options for Discussion




Some Post PM Process Options for Discussion

* Update Reference Oil means and standard deviations after an additional “X” number of tests have been run
post-precision matrix (i.e. 10, 20, 30).

e Adjust control chart methodology to match target setting methodology.

* Add additional granularity to monitoring, such as at the reference oil level and/or lab level to better

understand severity details.




What about Updating Means and Standard Deviations?

Included in LTMS Appendix F (Gears) and Appendix G (LD and HD):

Reference il Target Updates

A surveillance panel has the discretion to update reference oil targets at any time. At a minimum, targets
for each reference oil should be updated when 10, 20, and 30 tests have been completed. When
laboratory bias exists, test results in the target data set should be severity adjusted prior to calculating

targets.




An Example with the VIE FEI Data

FEl 2 shown here

» A total of 56 tests run for the VIE precision

matrix, but only 29 were used in final target il TS Severly Praves
setting due to the decision to limit engine life to i i L

* Precision matrix analysis completed summer of g
2016. £

* Test was severe right out of the gate. §

* Atask force was formed, but ultimately no root 3
cause was discovered. E

* In March 2018 a correction factor was put in 5
place of +0.21 for FEI1 and +0.22 for FEI2.

* Correction was back-applied to previous 3 Approximate correction factor start date
reference tests in order to catch up lagging Zi SR {1 I N N S N NN N A A
values. 0 2 58311 f 32223333 4.;:

2 0 8 6 4 2 0 8 6 4 2 0 &
Severe COUNT IN COMPLETION DATE ORDER




An Example with the VIE FE| Data

* 10 additional tests obtained by 10/15/2016 Updated Targets Based on
» 20 additional tests obtained by 12/09/2016 LS Means from the model
* 30 additional tests obtained by 01/21/2017 FEI ~ Oil + Lab

FEI 1 FEI 2

Reference | PM Target PM + 10 PM + 20 PM + 30 Target' -
oil (n=29) Target Target Target Correction
(n=39) (n=49) (n=59) Factor

Reference | PM Target PM + 10 PM + 20 PM + 30 Target_ -
Oil (n=29) Target Target Target Correction
(n=39) (n=49) (n=59) Factor

2.56 2.52 2.55 2.53 1.73 1.61 1.67 1.68
542-2 2.35 542-2
(9) (12) (16) (19) (9) (12) (16) (19)
1.30 1.26 1.26 1.28 1.41 1.45 1.41 1.43
544 1.09 544 1.20
(9) (12) (14) (19) (9) (12) (14) (19)
1.90 1.86 1.84 1.84 1.82 1.75 1.72 1.70
] . 1010-1 1.61
RO (11) (15) (19) (21) L= (11) (15) (19) (21) €
A, (D n/a -0.04 -0.04 -0.04 -0.21 38, DTk n/a -0.05 -0.05 -0.05 -0.22
from Target from Target




An Example with the VIE FEI Data

‘ LTMS Severity Analysis

. Mild
. PM Target Target. e = E ¥ £ ¢ 2 g8 3zpoyd
Reference Oil (n=29) Correction o & & 3 § 8 & g &g g gty
o, . = = =5 =) =3 =) ) =) 1) &5 & & &3
* 30 additional tests Factor 2 2
. -
obtained by 01/21/2017 o 2.56 G 2.35 s
. T
FEI 1 —
. — = 1.30 1.28 B
[ ] o
Cleary this date range 544 9) (19) 1.09 5
includes some of the 190 184 B
. 1010-1 . . 1.69 -3
severe data, especially for (11) (21) S g 'g '3 : é ; 'g 22 3 3 g s ';
FEI2, so why has the Avg. Diff. n/a 0 071 0864203886420
from Target : - Severe COUNT IN COMPLETION DATE ORDER
target not changed?
. LTMS Severity Analysis |
TargEt- 3922 = = = = e 2 =8 7 &5 §
Reference Oil PI\(III“I';rgf,;et Correction RIS T R S £h § 8 EE
- Factor
&
1.73 1.68 5 1
FEl 2 542-2 ) g 1.52 § 0
1.41 1.43 °
544 (9) (19) 1.20 5 1 1 |
1.82 1.70 2
1010-1 1) ol 1.61
-34
A, e v 0.0 022 I S AR A O
from Target 0O 8 6 4 2 0 8 6 4 2 0 ¢
Severe COUNT IN COMPLETION DATE ORDER




An Example with the VIE FEI Data

@ =PMData A =Post PM Data = RO Target

Labs B and F were two mild labs IND LTMSLAB
representing 33% of the target e o 1010 -
setting labs. These two labs only 2.2 R o C
contributed a single data point e E
post-precision matrix. Almost all 2.0 o 0 o °G
post-PM data came from Lab G R
(close to target on average in PM), 18 . : . -
Lab D (slightly severe of target in N ™ - : Lo ° .
PM), and Lab A (severe of target m 1.6 A A T A
in PM). E. X A $ A e 4

14 ° N Ak

127 a : ) * ] ]

° A A
10 * 1l
A

A B C D F G A B C D F G A B C D F G
LTMSLAB




Using Simple Mean for Target Setting and Updating

s PIVI LS Mean == PM Simple Mean

PM+30 Simple Mean
Target Setting with Simple mean

would have made little difference IND LTMSLAB
.. 542-2 544 1010-1 o A
initially, would have observed about @ - PM Data A =PostPM Data -5
half the difference after 30 tests. 2.2 . . ¢
[ ]
oF
2.0_ ® ® ® e G
FEI ) .
p— 18 =
imple ° ° A
Reference LS Mean | Mean PM cTargett. ! rU L A A e o
oil PM Target Target SIECHON BN | ° e
Factor o 1.6 A ° A
(n=29) L A ® A ok
L ]
carn 173 169 159 - > A ‘ .
(9) (9) (19) ' 14 * . N ak
1.41 1.44 1.40 °
544 (9) (9) (19) 1.20 o ° A N A A
L A
1.82 1.80 1.62
1010-1 (11) (11) (21) 1.61 ® A :
A
Avg. Diff. 1.0
from Target n/a -0.01 -0.12 -0.22 A

A B C D F G A B C D F G A B C D F G

LTMSLAB




Using Labs A,D,G LS Mean for Target Setting and Updating

Target Setting based on averages of
labs generating most of the data post
PM would have been closer to center
initially and similar to correction
factor levels after the 30 tests.

Lab ADG
All Lab LS 1l LS Mean Target -
Reference LS Mean .
. Mean PM PM + 30 Correction
(o]]| PM Target
Target (n=29) Target Factor
. (n=59)
1.73 1.73 1.54
542-2 1.52
(9) (9) (19)
1.41 1.27 1.29
544 1.20
(9) (9) (19)
1.82 1.69 1.53
1010-1 (11) (11) (21) 1.61
S n/a 0.09 -0.20 0.22

from Target

FEI2

2.2°

2.0

1.8

1.6

e PV] LS Mean All

PM LS Mean ADG

IND
542-2 544 1010-1
@ =PM Data A =Post PM Data
e °
) @
® 'y
° A
A-' A A [ ] e
° °
A A .
L] A ° A
» \ e
A
[ ] Ak
H A A
®
A
N A
°
A C D B C D F G B C D F G

LTMSLAB

PM+30 LS Mean ADG

LTMSLAB
°A

e o o 0o 0
OmgognNnw




Using Labs A,D,G LS Mean for Target Setting and Updating

The control charts move closer to
target with the use of target
setting for labs who will
subsequently run contribute data
post precision matrix.

Test results were more severe
after the precision matrix, so this
approach would not have
resolved the entire severity
issue.

EWMA True & 2 more

1.57

1.0

All labs included in these charts

0 20 40 60 80 100
Count

—EWMA True
—EWMA ADG No Update
—EWMA ADG w/ Updates




Updating Targets Can Affect Candidate Pass/Fail Probability

If a test is stable post-precision matrix, updating targets will result

in better estimates. However, if a true change has taken place,

updating targets with the change included can change candidate Pass/fail limit reference oi
test pass/fail probability. *RO1

Consider the following hypothetical precision matrix data, which a
pass/fail limit was determined from. Consider a candidate test

7.5 ®
right at the pass/fail limit (probability of pass = 50%). o,
£ 7 « PM Mean
6.88 0.45 6.5 .

1 = Tolerance Intervals

Proportion Lower Tl Upper TI| 1-Alpha 6
0.950 5.37 8.40| 0.950 o1
Reference Ol




Updating Target Can Affect Candidate Pass/Fail Probability

Severity Adjustments
For a hypothetical lab running RO Std. Dev.

1 standard deviation severe, 6.88 0.45

we would expect our
candidate at 8.40 to get a 7.95

in the lab. | Result | vi |zt

1 -1.00
Severity adjustments would 2 -0.78
bring this result back up to an 3 -1.22
8.40. 4 -0.89

5 -1.11

Final Candidate Result
=Result + Severity Adjustment *fast start Zi for first 3
= Result + (—Z; » Std. Dev.)
= 7.954+ 1.01 * .45
= 8.40

For a stable test, severity adjustments maintain the candidate
probability of pass.

-1.00
-0.96
-1.01
-0.98
-1.01

71.6- Data
° *PM
7.4 ®Llab 1
7.2 so
[ ]
7.0 * PM Mean
k=
o 6.8
6.6 °
[ ]
[ ]
6.4 = .
° o
6.2
PM Lab 1
Data




Updating Target Can Affect Candidate Pass/Fail Probability

Updating Targets
If true change in test has occurred, candidates should have
moved by a similar amount. Updated targets would result in

85 Data
severity adjustments not capturing the full extent of the Pass/Fail Limit--------mmmmommome oo A G oM
. ope . ®lab 1
change, changing the probability of pass for the candidate. \ » Candidate Before
¢ Candidate After
8 °
| PM Mean Mean
Mean
75 e
A 6.73 g
s
00
Resut | ¥i | zi* [ Resut | v | zi* .
7_
1 -1.00 -1.00 1 0.71 0.71 ° PM Mean
2 -0.78 -0.96 2 -0.48 -0.67 \ Updated Mean
@
3 -1.22 -1.01 3 -0.95 -0.72 6.5 ¢
o [ ]
4 -0.89 -0.98 4 -0.60 -0.70 o ‘
5 -1.11 -1.01 5 -0.83 -0.73 PM Lab 1 Candidate Candidate
Final Candidate Result Final Candidate Result Before After
= Result + (_Zi * Std. Dev_) = Result + (_Zi * Std. Dev.) Data
=795+ 1.01 % .45 = 7.95+ 0.73 % .45
= 8.40 = 8.28 *For simplicity, std. dev. of 0.45 used for both cases, as well as fast start Zi.




Updating Target Can Affect Candidate Pass/Fail Probability

Correction Factors

* Correction factors can bring a test 85 Data
back on target, and are not expected Pass/Fail Limit-------=----mmmm oo . &1 -Pwll
- . ®lab 1
to change the probability of pass if \ ’ olop 1+ CF
; _ ® Candidate Before
the_candldate result has m9ved 8 . et Ao
similarly to the reference oil(s). * Candidate After +C.F
o 751
£
©
o
esut ||z [ Resut | viaherc) |zt 't
1 -1.00 -1.00 1 0.00 0.00 ns g
[ ]
2 -0.78 -0.96 2 0.22 0.04 \ ’ S
3 -1.22 -1.01 3 -0.22 -0.01 65 $
[ ]
4 -0.89 -0.98 4 0.11 0.02 & ¢
2 e e Z -0.11 -0.01 PM Lab 1 Lab 1 + Candidate Candidate Candidate
Final Candidate Result Final Candidate Result CF Before After  After +C.F.
= Result + (—Z; * Std. Dev.) = Result + C.F.+(—Z; = Std. Dev.) Data
= 7.95+ 1.01 * .45 = 7.95+ 0.45 + 0.01 * .45
= 8.40 = 8.40




Updating RO Means Short Summary

* Updating targets is generally avoided but can be acceptable if badly needed due to an insufficient data set
in the precision matrix.
* Update data should be collected in a short period of time.
* It must be agreed that the test was stable for the entire time range of data used.

e Severity adjustments and corrections factors are generally preferable to updating RO means, and should
not change candidate probability of pass (assuming representative reference oil behavior).




Lab/Stand Bias Target Update Headaches

» Updating targets and new Reference Oil (RO) introduction presents challenges
» Test severity shifts that differ by RO and/or lab/stand, parts batch, fuel, etc.
» Different mix of labs/stands than original Matrix
* SAs lag and re-analysis of entire dataset may be required

* Tradeoffs in updating targets post-matrix
* Pros
* If the test has not changed over time, more data means a “better” estimate of the targets
e Reduces bias introduced by small sample size from the matrix
e Labs may have time to learn from each other and become more consistent
* Cons
* Over a “long enough” time period, the test will change
* New labs/stands/engines, parts and fuel are introduced, as well as age effects on parts and
fuel
e Lab practices and raters will learn and improve, and may, become different
e Seasonal effects
» Updated targets that have been biased by real changes may effectively change the P/F limit




Lab/Stand Bias Target Update Ideas

* Establish Reference Oil (RO) targets using as many tests as possible from Matrix

Use Regression analysis to predict RO performance using Technology, Base Oil, Grade, Lab, Stand, etc.
* Target a prediction variance of 0.3 or less for the RO MEAN

Run Matrix in the shortest time frame possible
* Use same parts and fuel unless changes designed into the matrix to test robustness

At least 4 tests per Matrix Factor Level

Re-run Outliers identified from the Matrix

Select ROs that fit the chemical box in the limiting Viscosity Grade at the P/F limit

Resolve RO by Lab interactions before moving on from the Matrix

Identify the homogeneous dataset

* Take advantage of entire LTMS dataset when updating targets

Better to re-analyze since SAs lag and use of SAs in setting targets may be biased
Utilize reference and Matrix data from every lab/stand with at least 4 test results (that are not
outliers) to estimate targets

* Requires adding Technology and Base Oil codes for reference and Matrix oils in LTMS dataset
Use regression analysis considering all possible covariates (lab, stand, engine, test parts and fuel, run
order, time, etc.).
Identify the homogeneous dataset




Updating targets for a RO re-blend

» Reference oils should be blended to last the life of the test for the category

« But if needed, to introduce a re-blend, enough data should be examined and analyzed to
determine if the mean performance of the oil has changed. (A change in the mean performance of
the 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 the oil performance has changed, then the oil re-blend may be attempted a second time, or the
oil may be assigned a different designation with new targets




Example: [I[H

Updated 434-3 PVIS targets in 2018

Sequence IIIH Reference Oil Targets

Effective Dates Average Piston Varnish Percent Viscosity Increase Weighted Piston Deposits

oil n From' To? X s X s X s
4342} 10 07-01-15 10-10-18 9.16 0.34 4.7191 0.4310 4.16 0.70
43424 46 10-11-18 Hhok 9.16 0.381 4.7191 0.4310 4.16 0.70
434-3* 46 07-01-15 11-12-18 9.16 0.381 47191 0.4310 4.16 0.70
434-3° 11 11-13-18 ook 9.16 0.381 5.7602 0.6598 4.16 0.70
436° 9 07-01-15 10-10-18 9.71 0.10 3.3289 0.3138 4.63 0.28
436* 61 10-11-18 ook 9.71 0.124 3.3289 03138 4.63 0.28
438-1° 9 07-01-15 10-10-18 9.39 0.31 3.9754 0.9558 3.66 0.43
438-1* 61 10-11-18 ook 9.39 0.276 3.9754 0.9558 3.66 0.43

L S

Effective for all tests completed on or after this date
*#% = Currently in effect
Targets based on precision matrix analysis

Targets based on all data reported for APV standard deviation only
Targets updated for Percent Viscosity Increase only




RO Re-blend Ideas

* |f a new re-blend is truly different, failure to update with a new target will affect pass/fail
probability, because the reference material has changed, not the test, and therefore, not the
candidates.

* If a Re-blend is determined to different, enough data should be collected to determine the new
mean.

e Often times re-blends are brought in on level 2 ei limits. Smaller differences may still go
unnoticed in these cases. Monitoring of test severity by reference oil may help to identify a
problem sooner (more on this later).




Updating Standard Deviations

It is generally agreed that updating standard deviations should be done. Variability is highly likely
to change over the course of a test, and proper estimates are key to ensure proper severity
adjustment standard deviations and proper calibration limits for labs.

However, though standard deviations are presented semi-annually at ASTM D02 Sub B meetings,
there is no mechanism in place to prompt analysis to determine if updating is necessary.

Should there be something?




Control Chart Methodology |deas




Control Chart Methodology |deas

With enough care and thought, control charts can be deployed using methodologies which more
closely matches the target setting methodology. For example, let’s revisit out hypothetical example
below where Labs A and B generate 2X data post-PM compared with Labs C and D.

oil Lab 15
RO1 oA ' —EWMA
8.5 oB * EWMA
oC
eD
o st kel T I N0 R N
[ ] [ [ ] |
! , ||l
8.0 L] L4 L |
® | ]
(@)} [ ] [ ]
2 iswear : . ) h H!}
e [ ]
(1]
o [
[
75 . ‘
[ ]
-0.5 i
[ ]
7.0 1.0+
6 50 100 150 200 250 360 350 400 450 500
Al A2 B1 B2 C1 D1 Count
Lab-Stand




Control Chart Methodology |deas

In the case of LS Means, one idea for a control chart would be to monitor the average of the lab
severity, thus matching the methodology of the target setting.

2 —EWMA A
Obvious Challenges © —EWMA B
* How to handle new E T II' l!' ’ ' ,I l !| EWMAD
o | : m Iy ! !‘ pe —EWMA Lab Avg.
IabS/StandS? 2 O “r l | l L‘ Ij ll [ llhl II l " l‘ - Iy I'I‘Il In 1l“ﬂ" —EWMA g
p: et e : e i g I
* How to handle labs who % 1 | [’l . I
stop running the test? w
< °
* Many others that would § 101
need to be Worked OUt, g r-CCC :::::::: :: :::::::::: :: ToooIIIoIIIIoIIIoIIIIIIIIMMIICCd ': :::"::' :::::::::::::::::::::::::::::
but it could be done o > A "i’ Al AT LR 2 "' \‘ " ; ‘J«' ‘]
with enough careful f} 0- I' ‘ "‘l'l ' |l1 li .I l‘!'l S‘I Kot " l‘lill dn mli ;“ .li IH A"-. ‘}:lt I s P,
planning. = ' ' 7
% 05 1 J 1
3 e
10




Additional Monitoring by Reference Qil?

Even if not used for alarms, Lo o
monitoring severity by reference 1o
oil may be helpful, and could have 05

flagged a problem with 940 . \ﬁ [\

sooner. 04— : -

Could also help with RO re-blends
introduced with only level 2 ei
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g by Reference Oil

-Sequence VIF Fuel Economy Improvement Phase |

Iitorin

Additional Mon
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Control Chart Methodology Summary

 Many control charts are doomed to fail from the beginning due to the disconnect
between monitoring methodology and target setting methodology.

e Careful consideration should be given during the target setting phase and the control
chart deployment phase for how the phases can be best aligned to minimize false
alarms with monitoring. Creative solutions can be explored in future tests.

» Additional granularity in monitoring (lab and/or stand, reference oil) could be beneficial
to quickly identify and troubleshoot problems. Some problems may go unnoticed with
the current system.




Presentation Topics Summary

e Control charts must be well understood by users, or they can do more harm than good. They may
lead to wasted time and energy troubleshooting problems that may not exist.

* Precision matrix target setting methodology has likely not been a well understood topic in recent
history, in particular with GF-6 tests that were developed so rapidly and tended to default to LS
means without much, if any, discussion. More careful consideration should be given to future
test developments.

* Target setting methodology and control charting methodology have in many cases not been
aligned. Itis important to understand the connection between these two:
* During precision matrix design
* During target setting
* During control chart deployment

* Additional granularity in control charting may be an important addition to future test types.




Responsibilities of the Surveillance Panel Chairs when
monitoring control charts.

What actions should a surveillance panel chair take when a control chart shows a test to be
deviating.

» Advise the full panel of the trend/alarm and call a meeting
o Should there be a time limit on how quickly this should happen?

o Do we need guidelines on when to take action if we are not in alarm, i.e. a trend is happening, but we haven’t hit an alarm yet?

* Many times a SP chair takes action but can’t bring the test back to center.
o what action should be taken at this point?

o what is our tolerance level in terms of allowing this to persist if a solution can’t be found
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