Sequence lll Surveillance Panel
Teleconference Meeting Minutes
Friday June 2, 2017

Agenda

As the host, | have not in the past and will not in the future record any ASTM meeting and there are no “authorized persons” that may record an ASTM
meeting. As a reminder to everyone the recording of ASTM meetings is prohibited.

1.0)

2.0)

3.0)

Attendance m;

Attendance. pdf

Approval of minutes

2.1) Minutes from 05/18/2017 WebEx Conference Meeting — Approved as issued.

I1IH Action Items Iﬂ!l

. L. . Seq IIIH Surface
3.1) Cylinder Bore Surface Finish - Schweitzer Finisﬂ 20170601.pdf

Addison Schweitzer of Intertek presented. IAR asked for interpretation on the surface finish
specifications that were approved in late March. The question is whether or not the specifications
impact test validity as well as what the best path forward is. Addison originally moved (Leverett
second) as shown on slide 6.

After discussion, the original motion was withdrawn, and the panel agreed that there was confusion
and a lack of common understanding on the impact of the limits approved at March 30 meeting. As
such, the panel, in general consensus, agreed that the limits are to be applied to the engine build
average cylinder surface finish (from March 30).

Motion: Addison Schweitzer moved (Altman second) to allow a max of one cylinder out of spec as
long as the engine average surface finish is in spec (for each parameter). The motion was approved
19-0-0.
Action:
- This will necessitate report form, engine assembly manual, and potentially information letter
changes.
- Addison Schweitzer volunteered to lead a task force to review procedure items (including this issue
and similar ones that might impact validity assessments) with the goal of establishing clear criteria
used in determining test validity



4.0)

5.0)

| FoF |
"
3.2) Lab Severity Task Force Report - Bowden 170602 Summary of
111H Severity Task Fo
Addison Schweitzer presented for Jason Bowden. The task force has been busy and productive and is
continuing to meet.

3.3) PVIS Severity on batch 4 Pistons - Tang / Statistics Group

Seq IlIH BC4 Pistons
Adjustment 053017.

Jo Martinez presented. Following the presentation, a long discussion ensued, centering on option 2 of
the presentation and if/how to implement. The general consensus was to allow the severity task force
to continue its work rather than implement an LTMS/SA/ICF change at this time.

Next Meeting - set for June 15,2017 at 11:00 am EDT.

Meeting Adjourned — approximately 11:55 am EDT.





Summary of [IIH Severity
Task Force Work

Meeting held on May 24, 2017

Presented by: Jason H. Bowden





IIIH Severity Task Force Members

Jason Bowden - OHT

Matt Bowden - OHT

Jeff Betz — FCA

Haiying Tang - FCA

Addison Scheitzer - Intertek

Pat Lang — Southwest

Ankit Chaudhry — Southwest

Amol Savant — Valvoline

George Szappanos — Lubrizol

Jerry Bryse — Lubrizol

Ed Altman — Afton

Bob Campbell — Afton

Todd Dvorak — Afton

Rich Grundza — TMC

Robert Stockwell — Chevron Oronite

Karin Haumann — Chevron Oronite

Doyle Boese — Infineum

Charlie Leverett - Infineum





Current Action I[tem Summary

* Below is a list of current action items following the May 24t Task
Force conference call:

e Action Item #1: Confirm how the JTEC data is being collected. Ankit
will survey the labs to have them provide the raw data that is being
collected along with each labs practices for measuring barometric
pressure, JTEC flow, temp, etc.)-Ankit Chaudhry

e Action Item #2: Todd Dvorak will review honing analysis he prepared
for the November 2016 Panel meeting comparing the correlation pre
and post matrix on only BC2 pistons by lab vs. blowby and output
results — Todd Dvorak





Current Action I[tem Summary

e Action Item #3: Amol will survey the labs to determine how they are
insulating the exhaust downpipes and how the exhaust systems are
routed- Amol Savant

e Action Item #4: Labs to fill in Task Force Ring Gap DOE Chart with
missing data, such as ring gap and test numbers, etc. Statisticians will
review the data once chart complete.

e Action Item #5: DOE Engine Hour Increase from 90 — 100 hrs. Ed
Altman and Addison Schwietzer will develop a procedure for labs to
conduct final ratings after 90 hours and then rebuild the engine to
run an additional 10 hours and conduct an additional round of
ratings. The labs will conduct an oil sample at 90 hours.





Current Action ltem Review

e Action Item #6: Southwest to conduct screener tests using increased
load and speed. The engine will use BC4 hardware, stabilize
conditions before adjusting either load or speed. All operational data
will be captured for review by task force.

e Action Item #7: Southwest and Intertek will review possible screener
tests with increased ring gaps and report to task force.

e Action Item #8: Southwest to conduct study on blowby evacuation
system to determine if returning the system to the original
configuration during the matrix has an effect on severity.





Summary

* There is significant work being done by members of the Task Force to
look at several different options to restore test severity to Matrix
Levels.

* The next scheduled Task Force meeting is June 14th, 2017.

Thank you all for your support in this effort.
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Sequence IlIH BC4 Pistons

Adjustment

Statistics Group
May 18, 2017






Statistics Group

® Arthur Andrews, Exxon Mobil

® Jo Martinez, Chevron Oronite

* Kevin O’Malley, Lubrizol
® Martin Chadwick, Intertek

* Lisa Dingwell, Afton
¢ Todd Dvorak, Afton

® Travis Kostan, SwRI






Summary

* The following options are available to adjust PVIS,
WPD and MRY for BC4 pistons:

Option 1:  Apply Multiplicative ICF
Option 2:  Use LTMS Severity Adjustment

e Statistics Group did not reach consensus as to what
option to recommend

-,






Data

¢ 28 BC2 Pistons (Precision Matrix)
¢ 22 BC?2 Pistons (Post Precision Matrix)
e 22 BC3 Pistons

e 19 BC4 Pistons
® 11 Dealer Engines
e 8 FCA Engines

Note: These n-sizes are true for PVIS and WPD. Slightly smaller n-sizes for MRV due to
MRYV temp at -35C or no data.






Option 1: Multiplicative ICF

® Multiply the following Ratios to unadjusted results

® PVIS: BC4 ICF = 1.21
* WPD: BC4 ICF = 0.93
* MRV: BC4 ICF = 1.05

e Use the new standard deviations for LTMS

New Adjusted BC4 Current
Oil s LnPVIS WPD LnMRV LnPVIS WPD LnMRV
434-2 0.6761 0.56 0.5755 | 0.4310 0.70 0.5220
436 0.3721 0.39 0.2648 | 0.3138 0.28 0.2423
438-1 0.7783 0.37 0.8066 | 0.9558 0.43 0.9132
SA's 0.6488 0.47 0.5957 0.4641 0.47 0.4725

Note: Oil standard deviations are calculated from the residuals of the Model = Oil,
Piston Batch(2PM, 2PPM, 3, 4_ICF) and SA s is the RMSE from the same model.

/






Ratios for Multiplicative ICF

* Use Severity Adjusted Results of BC2 Post Matrix and BC4

Pistons

e (Calculate the average Ratio = Target/ SAd Result

4 = PVISRatio 4 = WPDRatio 4 = MRVRatio
24 115 o
2.2 H . 1'1 L 1.2 D
20 1.05 —— - El
18 :L L
0.95 .
16 | L1
‘ 0.9
14 0.85 N 1.05 :l—\
1.2 ‘
[ 0.8 1
10 ' 0.75
0.8 0.7 0.95

4 = Summary Statistics 4 = Summary Statistics 4 = Summary Statistics
Mean 1.2096515 Mean 0.9251515 Mean 1.0542
Std Dev 0.2902455 Std Dev 0.1028993 Std Dev 0.0645581
Std Err Mean 0.0505253 Std Err Mean 0.0179125 Std Err Mean 0.0119881
Upper 95% Mean 1.3125681 Upper 95% Mean 0.961638 Upper 95% Mean 1.0787566
Lower 95% Mean 1.1067349 Lower 95% Mean  0.888665 Lower 95% Mean 1.0296434
N 33 N 33 N 29

-






Option 2: LTMS Severity Adjustment

e Use the new standard deviations for LTMS

New Unadjusted BC4 Current

QOil s LnPVIS WPD LnMRV | LnPVIS WPD LnMRV

434-2 0.6374 0.57 0.5704 | 0.4310 0.70 0.5220

436 0.3750 0.40 0.2666 | 0.3138 0.28 0.2423

438-1 0.7765 0.37 0.8053 | 0.9558 0.43 0.9132

SA's 0.6332 0.47 0.5934 | 0.4641 0.47 0.4725

® Reset EWMA chart if level 2 e, alarm is tripped

Note: Oil standard deviations are calculated from the residuals of the Model = Oil,
Piston Batch(2PM, 2PPM, 3, 4) and SA s is the RMSE from the same model.






lHIH LTMS

® The [IIH PM data found that stands within a lab have significantly
different severity bias.

* Knowing that it is also expected that stands could shift differently
when a process change is introduced.

® The LTMS was designed with that in mind by including the level 2
ei limits.

® When using the LTMS as intended and updating standard
deviations as recommended the current system requires stands
that are producing data in ranges that are suspect to produce
additional data to ensure severity is in a range that can be

interpreted as expected or stop producing candidate results with
no additional risk to the lab.






lHIH LTMS

® The current LTMS was designed to acknowledge that
severity adjustment entities (stand in the IIIH) do not always
run at the same severity levels but we can adjust candidate
results appropriately if they are running in a range where
reference results can be interpreted meaningtully (Zi limits),
differences between entities are not excessive (Zi limits), and
entities produce results consistent with the variability of the
method (ei limits).

e What does that mean in the current situation?

(-,






Limits Explained

e Zi Limits (IIH = +/- 1.8)
® Ensure stands run in a range where results can still be interpreted.
LTMS calculations still work in a similar fashion
Measured results still perform in a similar fashion

Ensure stands run in a range where comparisons are still meaningful between
them.

® Ei Limits (IIIH Level 2 = +/- 1.734, Level 3 = +/- 2.066)

® Ensure stands are running within the expected repeatability of the
method. An alarm indicates a shift in severity may have occurred and
more data is needed to confirm.

® [ evel 3 is used when no Changes are expected. Stand is assumed to be
consistent.

® [evel 2 is used when Changes occur that could impact test severity.
Assumption of consistency no longer applies.






PVIS Adjusted
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PVIS Adjusted Yi
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PVIS Adjusted LSMeans

justed
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434-2 4.7191 3.6811 4.4542 4.6479 112.07 39.69 85.98 104.36
436 3.3289 3.1054 3.7575 3.4760 27.91 22.32 42.84 32.33
438-1 3.9754 3.2801 3.9689 3.6686 53.27 26.58 52.93 39.20






Impact of 1.21 Factor to PVIS

Corrected PVIS
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IIIH CF

* Adopting a correction factor does not change the range the
test is operating in. It only move the average of all results
closer to the expected targets. This can be useful if the test is
operating in a range where discrimination is consistent with

expectation but detrimental if it is not.

Example from A1 BC4 Runs Result needed to Adjsut to to 150% PVIS

Using CF and

PVISYi PVISYi  PVISw CF Using original Using New s SA SA from CF
TESTKEY IND JPVIS VAL Original s New s Yi SA Using New s SA and New Chart Results
125277-IIH 434-20 14.7 |} OC -4.713 -3.184 -2.170 Lv3 ei Alarm Lv3 ei Alarm Lv3 ei Alarm 34.0

125279-1IIH 436 14.8 ) AC -2.021 -1.700 -0.184 85.2 63.5 Zi Alarm 39.1






Are PVIS Zi Limits Meaningful?

I1IH PVIS Ref Oil Ranking
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PVIS Zi Limits

® At ~15% PVIS or ~1.6 s mild of target the ranking of 436
and 438-1 switch.

® This indicates the LTMS calculations begin to become suspect

when PVIS performance is consistently 15% or less.

e Distribution ofYi results by oil indicates LTMS calculations

begin to perform differently well beyond the target for 434-2
and 438-1.

436 28 2 2

434-2 34 6 0
438-1 29 0 5
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WPD Adjusted Yi
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WPD Adjusted LSMeans
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Impact of 0.93 Factor to WPD

WPD Correction Factor Impact

Corrected WPD
Ln

WPD Result

0.93 Corrected WPD

WPD  seseeas Correction (2nd Axis)

Corrected WPD - WPD






re WPD Zi Limits Meaningful?

IIIH WPD Ref Qil Ranking
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WPD Zi Limits

® At ~2.7 merits or ~2.6 s severe of target the ranking of 434-
2 and 438-1 switch. At ~5.7 merits or ~2.7 s mild of target
the ranking of 434-2 and 436 switch.
® This indicates the LTMS calculations begin to become suspect

when WPD performance is consistently outside 2.7 — 5.7
merits.

* Distribution ofYi results by oil for WPD is more consistent
than PVIS but still indicates a possibility that oils are more
likely to produce unusual results at different severity levels.

436 28 0 2

434-2 34 1 3

@ 438-1 29 3 1
A,






MRV Adjusted
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MRV Adjusted Yi
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MRV Adjusted LSMeans
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Impact of 1.05 Factor to MRV
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Suggestion for Option 1

Adopt new standard deviations for LTMS.

To ensure the correct Zi and ei values are calculated recalculate all
historical results with new standard deviations for the purpose of
judging current references only (no past decisions impacted) on a
selected effective date.

Evaluate calibration status and severity adjustment on each stand
after applying multiplicative ICF.

Consider suspending calibration for stands that calibrated on one
run where it was 436 until they run 434-2 or 438-1. If the result is
acceptable using level 3 ei limits return the lost reference runs and
time on future references. If it is not restart the stand charts with
BC4 runs only.

® Suggest TMC avoid 436 as the first oil issued when test changes are
suspected.






Suggestion for Option 2

* Adopt new standard deviations for LTMS.

® To ensure the correct Zi and ei values are calculated recalculate all
historical results with new standard deviations for the purpose of
judging current references only (no past decisions impacted) on a
selected effective date.

* Stands that trip a level 2 ei alarm on the first BC4 piston run will have
the stand charts reset to include BC4 data only as there is evidence the
process has changed. Stands that do not trip the level 2 alarm continue
on and adopt new severity adjustments on the effective date.

* Consider suspending calibration for stands that calibrated on one run
where it was 436 until they run 434-2 or 438-1. If the result is
acceptable using level 3 ei limits return the lost reference runs and time
on future references. If it is not restart the stand charts with BC4 runs
only.
® Suggest TMC avoid 436 as the first oil issued when test changes are

suspected.






Future Work

® If SP desires, SG can analyze individual merit rating by

location for possible adjustment
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Batch 4 Piston Standard Deviations

New Unadjusted BC4 Only Current
QOil s LnPVIS WPD LnMRV | LnPVIS WPD LnMRV
434-2 0.8016 0.56 0.6392 | 0.4310 0.70 0.5220
436 0.2777 0.36 0.0701 | 0.3138 0.28 0.2423
438-1 0.2151 0.16 0.2313 | 0.9558 0.43 0.9132
SAs 0.5286 0.41 0.4037 | 0.4641 0.47 0.4725

™~






Oil Discrimination

Discrimination based on Oil, Lab Model

PistBat LnPVIS WPD LnMRV
Oill Qil2  Difference p-Value Oil1 Qil2  Difference p-Value Oill Qil2  Difference p-Value
2_PM 434-2 436 1.4854 0.00 436 438-1 1.01 0.00 434-2 436 1.4123 0.00
434-2 438-1 0.7730 0.02 434-2 438-1 0.52 0.06 434-2 438-1 1.3269 0.00
438-1 436 0.7124 0.04 436 434-2 0.49 0.09 438-1 436 0.0854 0.95
4 434-2 436 0.7701 0.06 434-2 438-1 1.24 0.00 434-2 438-1 1.0706 0.01
438-1 436 0.4640 0.36 436 438-1 1.05 0.00 434-2 436 0.8932 0.02
434-2 438-1 0.3061 0.60 434-2 436 0.19 0.52 436 438-1 0.1774 0.84
4_ICF 434-2 436 0.9318 0.06 434-2 438-1 1.15 0.00 434-2 438-1 1.1241 0.01
438-1 436 0.5615 0.36 436 438-1 0.98 0.00 434-2 436 0.9378 0.02
434-2 438-1 0.3703 0.60 434-2 436 0.17 0.52 436 438-1 0.1863 0.84
4_SAs 434-2 436 1.1719 0.06 436 438-1 0.99 0.02 434-2 438-1 1.5237 0.13
434-2 438-1 0.9793 0.23 434-2 438-1 0.77 0.07 434-2 436 1.0044 0.12
438-1 436 0.1927 0.90 436 434-2 0.22 0.49 436 438-1 0.5193 0.64
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SEQ. llIH SURFACE FINISH CLARIFICATION






BACKGROUND ()

During the Seq. Ill SP Meeting on 3/30/2017, Afton presented a statistical review of the surface finish
limits and recommendations for the IlIH test type. The following motion was presented and passed with

the effective date for all tests starting on or after 4/6/2017: .
!
Ju
4.0) IITH Action Items Surface Finish
4.1) Afton presentation about surface finish and recommendations. Miller. Capability Analysis. pc

Amanda Miller of Afton presented. After the presentation, a motion was made to accept the surface
finish specification limits shown in page 15 of the presentation (Altman, Szappanos). Following
discussion, the motion passed 17-0-2, effective for tests starting on or after April 6, 2017. An
Information Letter will be issued accordingly.





BACKGROUND (CONTINUED)

IIIH SURFACE FINISH TARGETS (HISTORICAL VERSUS CURRENT)
Specification Limits

7 Current Specification Limits:
~RK:0.75t0 1.5
~RPK:0.13t0 0.8
-~ RVK: 1 to 2.5 (temporarily suspended)
~ RZ: 3.5 to 6 (temporarily suspended)

”~ Recommended Specification Limits (based post matrix
data, mean * 3*standard deviation):
« RK:0.511t02.03
~« RPK:0.12t0 0.74
~ RVK: 043 to 1.34
~RZ:1.71t0 517

While this motion captures the intent of the SP to reflect Surface Finish targets (Rk, Rpk, Rvk, Rz, and

Mr2) based on the statistical analysis of an unbiased data set, clarification is requested by the SP with
regards to how it is to be interpreted in the IlIH EAM.





CLARIFICATION NEEDED FROM THE SURVEILLANCE PANEL ()

4. Using the Mitutoyo Surf analyzer leveled with the cylinder, record the surface finish parameters at 2.0 inches and
1.0 inches below the cylinder block deck surface. Average the readings between each cylinder and record the
values for each cylinder.

Target Specifications
Rk 0.75t0 1.5 um
Rpk 0.13to0 0.80 um
Rvk 1.00 to 2.5 um
Rz 3.50t0 6.00 um
Mr2 70% Minimum

Upon completion of all surface finish measurements, record the data in the appropriate forms and proceed
to Section 4 Sheet 11 to measure and record the piston ring gaps.

Current surface finish specifications are listed as targets. Clarification needs to be provided by the
Seq. lll SP regarding surface finish’s impact on test validity.





EXAMPLE
Cylinder Bore Measurements
Cylinder Rk Rpk Rvk Rz Mr2
2 1.456 0.514 0.766 3.115 87.825
4 1.302 0.656 0.745 3.738 87.457
6 1.530 0. 1.015 4.129 86.938
1 1.355 0.635 0.761 3.372 87.219
3 1.471 0.535 0.797 3.471 88.232
5 1.557 0.493 0.767 3.418 87.138

Cylinder 6 Rpk value is outside of the specified target limits implemented on 4/6/2017. Based on
interpretability of the current IIIH EAM wording, the cylinder 6 Rpk value was out of target specification
(0.12 — 0.74) for this test, but within the original specification of (0.13 — 0.80) of the draft EAM.

If an engine test were conducted on this block is the test invalid or can engineering judgement be
applied to this parameter?





CONCLUSION

Clarification from the Sequence Il Surveillance Panel is needed to assist labs and the TMC when
determining test validity if a surface finish parameter is outside of the published target specifications.

In the opinion of IAR surface finish target specification deviations are subject to engineering judgement
as long as the intent of the honing process was to meet the specifications in the Engine Assembly
Manual.

We would like to request the minutes to reflect SP agreement that surface finish parameters are subject
to engineering judgement and request a task force be formed to specifically address the use and extent
of engineering judgement for all test requirements in both the procedure and EAM to help ensure labs
and the TMC share the same interpretation of the requirements.

Motion: The IlIH SP agrees that surface finish measurements that fall outside of the target
specifications in the EAM are subject to engineering judgement when determining test validity. A task
force shall be formed to address the use and extent of judgment for all test requirements and the
most appropriate way to document when and how engineering judgement can be used in the test
procedure.
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