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HEAVY-DUTY ENGINE OIL CLASSIFICATION PANEL
OF
ASTM D02.B0.02
June 28, 2022
Seattle, WA
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ACTION ITEMS

1.0

2.0

3.0

4.0

5.0

6.0

MINUTES

Call to order

1.1

1.2

The Heavy-Duty Engine Oil Classification Panel (HDEOCP) was called to order by
Chairman Shawn Whitacre at 1:30 P.M. on Tuesday, June 28, 2022, in the Columbia C
Room of the Hyatt Regency Seattle, Seattle, WA.

There were 13 members present and 61 guests present. The attendance list is included as
Attachment 2.

Agenda

21

The agenda circulated prior (included as Attachment 1) was not changed.

Minutes

3.1

The December 7, 2021, minutes were approved as written.

Membership

4.1

There were no membership changes.

Maintenance Report - Sean Moyer. Attachment 3

51
5.2
5.3
54
55
5.6

Test activity is steady.

A plan is in place to implement new filters for the COAT test.
Reference oil 832-1 oil was removed due to severity issues.
No updates on Mack tests.

No updates on Cummins tests.

No new updates on RFWT and EOAT test.

CLOG update - Brent Calcut. Attachment 4

6.1
6.2
6.3

Trying to find replacement tests for the T-11 and T-12 Mack tests

CLOG collected and analyzed existing data.

SwRI is developing a bench test that could be proposed to correspond to Mack T-12
ring/liner wear. The test is early in development.



6.4

6.5

6.6
6.7

6.8

6.9

6.10

6.11
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No task force has been created to replace the Mack T-12, CLOG still leading the
investigation.

The group looked at other tests and data that have lead (Pb). The Seq VIII, HTCBT and the
Volvo T13.

A shorter T13 test is an option to replace the Mack T-12 lead parameters.

CLOG looked at the Cummins ISM as an option for the Mack T-8E and T-11 Viscosity
increase, however the ISM does not show same vis increase.

CLOG started initiatives to find other areas of evaluation, Lubrizol and SwRI to give update
at NCDT.

CLOG spent time looking at other tests that could be used for Used Oil MRV replacement
for both the Mack T11A and Mack T12A tests, CLOG has not received any data from
companies for evaluation.

For the Caterpillar C13 vs 1N update the majority of tests that passed the CAT C13 also
pass the CAT 1N. The 1N test could be viewed as redundant.

Next CLOG meeting is on July 14,

7.0 EOAT and COAT Equivalency - Hind Abi-Akar. Attachment 5

7.1

7.2
7.3
7.4
7.5
7.6
7.7

7.8

The low aeration reference oil is on hold due to a severity shift. The oil supplier is re-
blending oil.

Reference oil 833-1 oil is stable and will continue to be used.
A new filter batch will be introduced. Batch A will be used for equivalency to batch B
The CAT SP will conduct an equivalency matrix using Reference oil 1005-6 on Batch A
Filters.
Q: what mechanism has been explored for funding?
7.5.1 A:the Panel has formally asked API.
Q: Is it too soon to talk about timing.
7.6.1 A: One of the labs is still not ready to start testing on new filters.
Q: What is the timing for lab A to run EOAT for comparison.
7.7.1  A: Waiting for MoA to be in place
Q: Is there a risk of limited humber of EOAT tests?
7.8.1 A: There is no risk due to historical data available.

8.0 Ford 6.7L VTW Test Update - Mike Deegan. Attachment 6

8.1
8.2

8.3
8.4

8.5

8.6
8.7
8.8
8.9
8.10

Provided whisker charts to show test results. Attachment 7

Will transition to MY 2023 engine due to hardware support until 2040. There are no
changes to the critical hardware components.

The MY23 Engine will have a variable displacement oil pump and steel pistons
Mike Deegan feels like there is low risk to the test due to the use of the same critical
hardware.

An oil supplier for a border line oil has been identified. The oil will need to run a prove out
test.

Both labs in San Antonio have the new engines and are waiting on dyno hardware.
Mike needs NCDT to define the precision matrix and BOI/VGRA matrix.

Two other labs need to be considered for the precision matrix.

The use of the bookends of D975 fuel is proposed for the Fuel Matrix

Each engine can run up to 7 times with turbo swaps ever other test.

9.0 Old business- EOEC - Shawn Whitacre

9.1

Per actions captured at the December 2021 meeting, the entirety of the Stats group were
given opportunity to review the revised limit proposals. The data and proposals were also
shared during a meeting with the EMA Lubricants Committee. An email ballot proposal was
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issued to accept revised variable limits using SL 107. The ballot received 16 affirmative
votes, 3 Abstentions (BASF, Total, Volvo), and 1 Negative (GM)

9.2 GM'’s negative expressed a preference for fixed limits.

9.3 Next steps, the TMC will issue an information letter without implementation.

9.4 Further adjudication may take in next meeting

9.5 Fixed limits were never in place.

9.6 New fluid is now in use.

10.0 Next meetings

10.1 December 7, in Orlando, FL

11.0 The meeting was adjourned at 2:22 pm.



1)
2)

3)

4)

5)

6)

7)
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AGENDA
D02.B0.02.1
Heavy-Duty Engine Oil Classification Panel

Tuesday, June 28, 2022 1:30pm PDT
Hyatt Regency Seattle
Seattle, Washington USA
Call to Order/Anti-trust statement
Minutes — Approval of Minutes from December 7, 2021 Meeting in Anaheim, CA USA
Membership

a) Review current panel membership

Existing tests/categories

a) Review of status of carry-over engine tests that support APl CK-4, FA-4 and legacy
categories (Sean Moyer, TMC)

b) CLOG Update (Brent Calcut, Afton)

c) EOAT/COAT Update (Hind Abi-Akar, Caterpillar)

d) Ford 6.7L VTW Test Update (Mike Deegan, Ford)

Old Business

a) EOEC Fixed limits ballot review and next steps (Shawn Whitacre, Chevron)

New Business

HDEOCP Adjournment
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LastName FirstName Company Business Phone E-mail Address

Abi-Akar Hind Caterpillar Inc. 309-578-9553 abi-akar_hind@cat.com

Alessi Michael ExxonMobil F&L 856-224-2309 michael.l.alessi@exxonmobil.com
Andersen Jason PACCAR Technical Center 360-757-5324 jason.andersen@paccar.com
Ansari Matthew Chevron Lubricants ansa@chevron.com

Bachelder Dennis API 202-682-8182 bachelderd@api.org

Birnbaumer Laura Chevron Oronite 510-242-59942 labi@chevron.com

Bowden Jason OH Technologies, Inc. 440-354-7007 jhbowden@ohtech.com

Bowden Matthew OH Technologies 440-354-7007 mjbowden@ohtech.com

Bradley Ryan FPT 312-970-1219 ryan.bradley@ivecogroup.com
Calcut Brent Afton Chemical Corporation 248-350-0640 brent.calcut@aftonchemical.com
Campbell Bob Afton Chemical Corporation 804-788-5340 bob.campbell@aftonchemical.com
Carter James Gage Products 517-896-1150 jcarter@gageproducts.com
Castanien Chris Chevron 440-290-9766 christiancastanien@chevron.com
Chommeloux Claire Chevron Oronite 510-426-2036 Claire. CHOMMELOUX@chevron.com
Clark Sid ASTM Facilitator 586-873-1255 slclark@comcast.net

Clark Jeff TMC 412-365-1032 jac@astmtmc.org

DeBaun Heather Navistar, Inc. 331-332-4795 heather.debaun@navistar.com

Deegan Michael Ford Motor Co. 313-805-8942 mdeegan@ford.com
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LastName FirstName Company Business Phone E-mail Address

Denton Vicky Fuels & Lubes Asia editor@fuelsandlubes.com
Donham Leah Afton Chemical Corporation leah.donham@aftonchemical.com
Esche Carl Vanderbilt Chemicals 804-740-1658 cesche@vanderbiltchemicals.com
Evans Joan Infineum 908-474-6510 joan.evans@infineum.com

Farber Frank ASTM - TMC 412-365-1030 fmf@astmtmc.org

Fox Brian Lanxess 203-714-8670 edward.fox@Ilanxess.com

Franklin Joe Intertek Automotive Research 210-523-4671 joe.franklin@intertek.com

Gaal Dennis ExxonMobil Research and Engineering 856-224-2240 dennis.a.gaal@exxonmobil
Gbadamosi Muibat Royal Purple 713-705-9197 mgbadamosi@royalpurple.com
Gibbons Greer Lubrizol 440-347-2103 greer.gibbons@lubrizol.com
Goodrich Barb John Deere 319-292-8007 GoodrichBarbaraE@JohnDeere.com
Guinane Derek BP Lubricants derek.guinane@bp.com

Haffner Steve SGH Consulting / NOVV)J sghaffner2013@gmail.com
Harmening Jeff API 202-682-8310 harmeningl @api.org

Haumann Karin Shell 281-544-6986 karin.haumann@shell.com

Hsu Jeffrey Shell 281-544-8619 j.hsu@shell.com

Jetter Steven ExxonMobil 908-335-3774 steven.m.jetter@exxonmobil.com
Kalberer Eric Shell 346-814-0224 eric.kalberer@shell/com



HDEOCP Attendance: June 28, 2022 Attachment 2; Page 3 of 5

LastName FirstName Company Business Phone E-mail Address

Katrenya Christine Vanderbilt Chemicals 203-853-1400 ckatrenya@vanderbiltchemicals.com
Koglin Cory Afton Chemical Corporation 248-996-0386 cory.koglin@aftonchemical.com
Kostan Travis SwRI travis.kostan@swri.org

Kunselman Michael Center for Quality Assurance 248-234-3697 mkunselman@centerforga.com
Lanctot Dan TEI 210-933-0301 dlanctot@tei-net.com

Lang Patrick Southwest Research Institute 210-522-2820 plang@swri.org

Lee David Chevron Oronite 925-548-1281 david.lee@chevron.com

Lochte Michael Southwest Research Institute 210-522-5430 mlochte@swri.org

Loop John The Lubrizol Corporation 440-347-5365 john.loop@Iubrizol.com

Maynes Jacqueline ExxonMobil 609-970-4959 jacqueline.j.maynes@exxonmobil.com
McCausland Kevin Mid Continental Chemical Co 913-553-1502 kevinm@mecchemical.com

Mills Justin Evonik Oil Additives USA, Inc. 215-706-5816 justin.mills@evonik.com

Morris Jeanelle Navistar, Inc. 331-332-1661 jeanelle.morris@navistar.com
Moyer Sean Test Monitoring Center 412-365-1035 sam@astmtmc.org

Murphy Edward Valvoline 859-699-2149 ermurphy@valvoline.com

Neal Suzanne Daimler Truck NA 313-592-7130 suzanne.neal@daimlertruck.com
O'Ryan Bill API oryanw@api.org

Patrillo Erica Afton Chemical Corporation 804-788-5009 erica.patrillo@aftonchemical.com



LastName

Pfleegor
Purificati
Rashwan
Salguerio
Simons
Smith
Stevens
Stockwell
Styer
Sutherland
Sutton
Tang
Tonkel
Tumati
Van Hecke
Vega
Warden

Whitacre

FirstName
Brittany
Darryl
Khaled
Robert
Scott
Andrew
Andrew
Robert
Jeremy
Mark
Tia
Haiying
Bruce
Prasad
Mike
Juan
Robert

Shawn
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Company

T™MC

Sinclair

Mid Continental Chemical Co
Infineum

Safety-Kleen

Intertek Automotive Research
The Lubrizol Corporation
Chevron Oronite

Vanderbilt Chemicals

TEI

EMA

Stellantis Corporation
Valvoline

Haltermann Solutions
Southwest Research Institute
Intertek Automotive Research
Southwest Research Institute

Chevron Lubricants

Business Phone

412-365-1013

226-387-1790

908-358-8742

219-742-1370

210-823-8501

440-227-2517

210-232-3188

848-234-7176

210-867-8397

312-929-1976

248-512-0593

901-603-6541

313-300-8300

210-522-5495

210-269-6959

210-522-5621

510-242-3557

Attachment 2; Page 4 of 5

E-mail Address
bjp@astmtmc.org
darryl.purificati@hfsinclair.com
khaledr@mecchemical.com
bob.salguerio@infineum.com
scott.simons@safety-kleen.com
andrew.c.smith@intertek.com
andrew.stevens@Ilubrizol.com

robert.stockwell@chevron.com

jstyer@vanderbiltchemicals.com

msutherland@tei-net.com
tsutton@emamail.org
haiying.tang@stellantis.com
bruce.tonkel@valvoline.com
ptumati@jhaltermann.com
mvanhecke@swri.org
juan.vega@intertek.com
robert.warden@swri.org

shawnwhitacre@chevron.com
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LastName FirstName Company Business Phone E-mail Address

Willis Angela Willis Advance Consultant 734-904-7714 angelawillis@willisadvanceconsulting.com

Zielinski Chris ExxonMobil christine.a.zielinski@exxonmobil.com
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D02.B0.02 Maintenance Report

June 2022




ALLTEST CANDIDATE ACTIVITY
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Calibrated Labs and Stands*
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Availability of API CH-4 through CJ-4 Tests

IK/IN

IP/IR

Ci3

COAT

Hardware Issues

Auxiliary
components

No current issues

No current issues

Oil filter batch
change

Availability

Through

2025

Likely

Likely

Likely

Likely

Ongoing resolution of issues with
stand auxiliary systems and
miscellaneous components.

None

Engine block, injectors, turbos only
available through reman.

Panel working to coordinate reference
tests to introduce new oil filter batch.
Reference oil 832-1 also removed from
testing. Work to restore severity and
reintroduce oil is underway
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Additional Caterpillar Test Issues

» IMPC
Reference oil supply depleted.

> COAT

EOAT to COAT correlation testing to resume once hardware and reference oil
issues have been resolved.



CATERPILLAR CANDIDATE ACTIVITY
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Availability of API CH-4 through CJ-4 Tests

Availability

Hardware Issues Through Notes
2025

. . Engine block supply limited. Final liner
15 D T s ALy batch ordered to take test to 2026
Initial coordinated references on new
FINAL liner batch showed higher than

L. Po R . . ° . Q
Iners, Fistons, Likely historic norm oil consumption. Testing

T-11

Rings found combination of batched hardware
with acceptable oil consumption.
Initial coordinated references on new
Liners. Pistons FINAL liner batch showed highest ever
T-12 . ’ Likely Stage | oil consumption. Testing found

Rings combination of batched hardware with

acceptable oil consumption.

Cylinder head no longer in production
and panel investigating whether

T-13 Cylinder head Likely superseding part is acceptable for test.
Multiple other “out of production” parts
identified.



MACK CANDIDATE ACTIVITY
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Availability of API CH-4 through CJ-4 Tests for PC-11

Availability

Hardware Issues Through
2025

ISM None Likely None.

ISB None Likely None.



CUMMINS CANDIDATE ACTIVITY
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Availability of API CH-4 through CJ-4 Tests for PC-11
Availability

Hardware Issues Through Notes
2025

Long term supply of test parts at
CPD.

6.5 L engine no longer in production
at AM General, but available through
supply network.

RFWT None Likely

Injection pump still available.

Oil Temperature runs higher w/
Using last engine No current EOAT engine. Working on

EOAT block EOAT / COAT correlation.

11
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B2 Action Items

> No Action lItems

> Comments



CLOG Update at ASTM

June 28, 2022




CLOG HDEO Topics

* Mack T-12 wear

* Mack T-12 lead

* Mack T-8E/11 viscosity increase

e Mack T-11A/T-12A Sooted QOil MRV
e Cat C-13 vs. 1N
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What we need to do

* ACC collected and analyzed existing data comparing relevant tests

* CLOG reviewed ACC dataset and requested some additional support
* |f ACC data are adequate,
* Develop equivalency recommendation for APl LSG

* |f ACC data are inadequate or still unclear,

* Narrow down to best possible replacement test
* Develop plan to generate additional data
* Develop equivalency recommendation to APl LSG

* |f no replacement tests seem viable, recommend new test development

* We will need plans to generate additional supporting data



Mack T-12 Equivalency

* Mack T-12 is required in all current APl ‘C’ categories

Target Test & Parameter(s) Categories at Stake
for Tie-Back if Tie-Back Not Established
CH4 | CI-4 | CI-4 | CJ-4 | CK-4
PLUS
Test Parameters
Average Liner Wear, normalized to 1.75 % soot, um max M - - - -
T-9 Average Top Ring Mass Loss, mg max | - - - -
EOT Used Oil Lead Content less New Oil Lead Content, mg/kg, max V] - - - /
Liner wear, pm, max - - E :
1-10 Ring wear, mg, max . g /
Lead content at EOT, mg/kg, max e —f - -
Merit rating, min ! Q\M |Z[/‘> 5 "\
Liner wear, pm, max - : = V]
1-12 Top Ring Mass Loss, mg, max - - - V]
Lead content at EOT, mg/kg, max - L .
Merit rating, min . ( 8 )\ -

ST
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1000 merits, min.
Different rating systems

CK-4 backwards
compatibility also
expected in PC-12A
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Mack T-12 Ring/Liner Wear Status

ACC data review concluded no existing wear tests
produce enough ring or liner wear to replace the

T-12

SWRI shared preliminary work to evaluate a
bench wear test using used oil

e CLOG is interested to see this work continue

Afton suggested a combination of:

 TBN minimum
e HTHS or BOV minimum
* Existing wear tests

Have we thoroughly reviewed or eliminated all
engine test options?

* Further discussion at the next meeting

Bench/Rig Challenges

= Easy to go beyond the critical contact
pressure and polish the whole surface
evenly

" |deally would see some crosshatch at

= 4.776 um
mid-stroke 0.943 M o 3
0.707 s 22.429 um

= Setup and ring alighment can be critical %*72
0.236 T©

» Delicate balance between duration vs Y e
scale, lubricant entrainment,

temperature and load

Starting to see
more wear in
reversal zone

: FUELS & LUBRICANTS RESEARCH -
@WSOUTHWEST RESEARCH INSTITUTE Swri-org .

R RN S S S R R = S S T e A i e S e Vs T e T Y z S s T T R P e T O P e

Suggestions for Replacing T-12

= For PC-12,
« Volvo T-13 remains as the oxidation test
4 Liner wear mechanism is not relevant in modern engines

4 Current valvetrain wear tests and proposed DD13 Scuffing provide
adequate wear protection without T-12 ring and liner wear

7 For previous categories, !
~ CLOG is investigating alternative oxidation tests
« For T-12 ring and liner wear:
« Ensure right levels of detergent through TEN minimum
» Add sheared HTHS or BOV minimum for film thickness
» Existing valvetrain wear tests provide adequate AW chemistry

/sfon i 5

AftonChemical.com




Mack T-12 Lead Status

e Conclusions from ACC dataset:

e Seq. VIIl, HTCBT and Volvo T-13 lead parameters were eliminated
* VVolvo T-13 oxidation results are inconclusive; we need more data

* A shortened Volvo T-13 oxidation test could be developed to replace the Mack
T-12 lead parameters

* Review T-12 reference oil data during T-13 development
* Test development would be required

* CLOG requested ACC to compare Mack T-12 lead data with Seq. IlIF, 1l1G and
IlIIH oxidation tests

* Data collection is underway (nearly complete)
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Mack T-8E/T-11 Equivalency

* Mack T-8E or Mack T-11 is required in all current API ‘C’ categories

Target Test & Parameter(s) Categories at Stake
for Tie-Back if Tie-Back Not Established
CH4 | Cl-4 | CI-4 | CJ4 | CK-4
PLUS
Test Parameters

Relative Viscosity at 4.8 % Soot by TGA, max

Yield Stress of 100h used oil sample -

Ext. T-8E
Viscosity increase at 3.8 % Soot by TGA, mm2/s, max = e :
TGA % Soot at 4.0 mm2/s increase, at 100 °C, min - - /{ V]
T-11 TGA % Soot at 12.0 mm2/s increase, at 100 °C, min - - < V] V] V]

TGA % Soot at 15.0 mm2/s increase, at 100 °C, min - - |

T-11A Sooted Oil MRV TP-1, D6896 Viscosity at 180h - - < |
Yield Stress of 180h used oil sample - - i V] V]
Sooted Oil MRV TP-1, D4684 Viscosity at 100h =i V] g . : :

T-12A =



Mack T-8E/11 Viscosity Increase Status

* ACC data comparison results:
* Cummins ISB and ISM do not generate enough viscosity increase to replace the
Mack T-11
* ACC subsequently requested T-8E data to compare with ISB and ISM
* Data collection is nearly complete

* CLOG recommended APl form a test development task force group

* Potential options:
* Ford 6.7L VTW test in current procedure
* Ford 6.7L modified test procedure
* Lubrizol is scoping a modified Cummins ISM procedure
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Mack T-11A/T-12A MRV

* Request to all stakeholders to collect Sooted Oil MRV data from:

e Mack T-12A

e Mack T-11A

e Cummins ISM at 125hr
e Cummins ISB at 300hr
* Ford 6.7L at 175hr

Please work with laboratories to measure MRV on retain samples

Submit data to Dennis Bachelder at APl by June 17th



Cat C-13 vs. 1IN

* ACC concludes, “CAT C13 for redundancy in place of the CAT 1N seems
promising”

e CLOG statement to NCDT:

“Data collected since the introduction of APl CK-4 shows that oils passing
the Cat C13 also pass the Cat 1IN.”



Summary

* Mining existing data has identified some redundancy

 RFWT
e Cat 1N

* Data collection efforts have expanded

e Mack T-8E
* Seq. llIF, 1IG, IlIH

* New activity in scoping potential new test methods

 Used oil bench wear test
 Modified ISM viscosity increase

* Next CLOG meeting is scheduled for July 14 at 11:00 ET



EOAT / COAT Equivalency
Testing

June 28, 2022
HDEOCP



Current Status of COAT Test

1. Lab status:
3 Labs / 1 Stand per Lab

a.
b.
C.

Lab A has an active calibrated stand
Lab B stand is out of calibration (completed reference period). Will reference soon.
Lab G has installed a new stand at their lab and has calibrated this stand

2. Reference Oils

a. Reference oil 832-1 (low-aeration reference) is on hold as performance has shifted severe. Supplier has
remixed 2 drums of material to determine if this could re-establish prior performance of the oil. Testing
of remixed material to commence shortly.

b. Reference oil 833-1 (high-aeration reference) is stable and allowing labs to continue calibrations.

3. Hardware
A new filter batch will be introduced.

d.

b.

There are 34 Batch A filters remaining (current filters). 10 Batch A filters have been set aside for
usage in the comparison matrix between the COAT and EOAT.

CAT Surveillance Panel is finalizing strategy for testing and acceptance of a new filter batch (Batch B)
for candidate testing.

* Email ballot sent out to CAT Surveillance Panel with submission date of July 1.



Status of COAT / EOAT Equivalency

e Caterpillar Surveillance Panel would like to conduct the following equivalency
matrix using TMC 1005-6 (Reference oil for EOAT) on Batch A filters.
* 2 teston TMC 1005-6 in EOAT

* 6 test on TMC 1005-6 in COAT
» 2 tests at each lab (Lab A, Lab B, Lab G)
* 1 test has been completed at Lab A using the Batch A filters (shared during Dec meeting)

EOAT (Lab A) COAT (Lab A) COAT (Lab B) COAT (Lab G)

TMC 1005-6 TMC 1005-6 TMC 1005-6 TMC 1005-6
(API funded) (API funded) (API funded)
TMC 1005-6 TMC 1005-6 TMC 1005-6 TMC 1005-6

 Caterpillar Surveillance Panel has obtained offer to fund 1 EOAT, 2 COAT tests
from API.

e Contingent on the tests being run one at a time and operational data reviewed by the
Surveillance Panel upon completion of each test before the next test is started.

* Funding for other 4 test needs to still be obtained



Ford 6.7L Diesel
Engine Valve Train
Wear (VTW) Test
Update
June 2022 ASTM

Update by: Mike Deegan
FCSD SEO Lubricant TS

Additional VTW Industry Team Members:

Nick Ariemma, John Loop (Lubrizol), Andrew Smith
(Intertek), Robert Warden, Jose Starling, Travis Kostan
(SwRI)
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6.7L VTW Test Update

Request from NCDT:
a. Provide whisker charts. See separate file.
b. Update ACC COP Supplement K. See separate file.

c. Provide confidence in Long Term Engine and Component supply-
CY2040.

d. Preliminary PM Matrix Information.

e. Request other required information.
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6.7L VTW Test Update

Provide confidence in Long Term Engine and Component supply-
CY2040.

a. MY23 required and planned on implementing.

i.  MY2019 will be needed for a year.

ii. MY23to be scoped-3 Qtr 2022.
i. Latest Hardware designed Engines and Heads enroute to Labs.

a. Identifying component differences and impact to test.
1. No changes to Critical Valvetrain components.
2. Valve seat and guide updates in Head Assys.
3. Short Block updates to steel pistons from aluminum.

4. Variable Displacement Oil Pump.
ii.  Dyno kits in-process.
iii.  Scoping plan reviewed with VTW Team.
a. Test LWO/HWO. Validate Borderline Oil.
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6.7L VTW Test Update

2022 2023 2024

FORD VIW TEST DEVELOPMENT g|7]8l9]10]11]12l1]2]3]4[5]e]7]8]9]10]11]12]1]2]3]4a]5]s][7]8]9]10]11]12

T T T 1777
MY 23 ENGINE CHANGEOVER TIMELINE ‘ Timeline Target
I ]

Provide two complete MY 23 Engines to San
Antonio Test Labs with spare cylinder heads

San Antonic Engineering Groups to Review
MY 2019 / 2023 Variations with Mike Deegan

Provide Dyne Kit and ECM's in-process @ Ford

Review Scoping Test Requirements

Run Borderline Reference Oil on MY 2018
Platform

Change Over to MY 2023 Engines

Conduct Scoping Runs on MY 2023 Engines
Borderline and High Wear Reference Qils

Secure MY 2023 Engines for Precision Matrix

Review Precision Matrix Requirements with
Statisticians/NCDT

Schedule and Run Precision Matrix Conduct Accordingly with Industry Timing Requirements ?
I [ [ T T T T T [ T T T T [ T T T T T 1

Timeline for providing MY23 engines for PC12 category.
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6.7L VTW Test Update

Possible changes from original PM Matrix proposal:

Additional Test QOil to be provided. Prove out of Borderline Qil required.
MY23 Engine required. Additional Tests required to verify discrimination.
Additional Labs. Lubrizol and/or Afton based on availability of MY23's.
Additional Stands at each lab: 2 &2 & 1 & 1.

Use the bookends of D975 fuel only.

Use short block up to 7-times.

Use turbo's 2x.

Inclusion of BOI/VGRA.

Evaluate for T-11 MRV, etc.
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6.7L VTW Test Update

Other information request:
* Any additional information that Ford needs to provide for ASTM?




6.7L VTW Test Update

Previous Information
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6.7L VTW Test Update

From D.4:

For a proposed C Category Supplement to move forward, DEOAP should
consider the following items:

a. Tests must be developed and be ASTM-approved or have made
significant progress toward ASTM approval.
i. Ready to proceed with Precision Matrix Testing.

b. Oils are being marketed that meet the proposed Supplement.
i.  Approx. (200) oils on market already.
c. Multiple technologies have been shown to meet the proposed

Supplement.
i. Different Base Oils and Ad Pacs.

d. There is no previous Supplement for this category (one Supplement per
Category).
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6.7L VTW Test Update

From D.4.
The DEOAP will work to reach consensus positions on the following
guestions:
a. What is the proposed change and why is it required?
i. Addthe Ford VTW Test.
ii. Excessive Valve Train Wear in Ford Durability test.
b. What field performance issues support the need for a Supplement?
i.  Warranty avoidance from (4) OEMs.
c. Does data presented support the request?
i. See following information.
d. When is it needed in the marketplace?
i. ASAP
e. What are the potential impacts on engines and aftertreatment devices?

a. Improved engine (e.g.: valvetrain) durability and no impact to aftertreatment.
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6.7L VTW Test Update

From D.4.
The DEOAP will work to reach consensus positions on the following questions:

f. What are the potential impacts on consumers?
i. Improved durability of engines.

g. What are the potential impacts on the environment?
i.  No expected change to the environment

h. Can the tests requested for the Supplement be used for the next full, new C
Category?
i.  Ford believes that it can be used for the next Category. EMA is considering.

i.  Are the requested performance tests available, or will they be available within
the requested time frame, that properly evaluate the requested performance

needs?
i.  Yes, Test is available at (2) labs.

j. Do the perceived benefits outweigh the projected costs?
i.  Yes, warranty costs would be substantial if Ford spec oil is not used.
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6.7L VTW Test Update

The OEM sponsoring each individual test shall fulfill the following
requirements:

Justify the need for the test and performance limits.
Provide test hardware.

Provide a test procedure.

Provide discrimination and precision data.

Provide suggested initial BOl and VGRA guidelines.

S DO O 0 T O

Provide suggested pass/fail limits.
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6.7L VTW Test Update

 This file has been updated from the DEOAP presentation to better explain Ford’s
request. Intentis to provide an improved test and oil type timeline based on
DEOAP questions.

* General Test information:
» Ford 1200 hour Durability Testing found the initial wear issues with ~800ppm phos oils.

» After implementation of Ford Specification, a 600 hour durability test was implemented at
external test labs.

» Due to length of test and interest in protecting Ford engines, a 200 hour test has been
developed with industry partners for ASTM implementation.

* Dueto confidentialit?/{ the additive package chemistries tested with Low Phos
(~800ppm) or High Phos (1000 — 1200ppm) are not available.

* This request is also meant to ensure that an API licensed category can be
implemented for addition to Owner Guides and on Motorcraft Heavy Duty Diesel
engine oil labels as current CK-4 licensed oils may not protect Ford Engines.

e Current next category is not planned until 2027, Ford requests this supplement in
the interim.
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6.7L VTW Test Update

Initial Ford 1200hr Dyno Durability Testing Background:

* 6.7U's Valvetrain, running prototype oils showed higher wear
than CJ-4 oils on Ford 1200hr Durability Engine Test.

» Ford Durability Test Information: (Ad Pac information not available)
= 15t test-FA-4, 5W-30, Low Phos-Valvetrain Failure
= 2nd test-FA-4, 5W-30, Low Phos-Valvetrain Failure
= 3rd test-CJ-4, 10W-30, High Phos-Valvetrain Pass

= 4th test-FA-4 additive system with 3.5HTHS, 10W-30, Low Phos-Valvetrain
Failure

= Subsequent testing was done with CK-4, 10W-30, High Phos-Valvetrain Pass.

 Ford specification, WSS-M2C171-F1, with Phosphorus requirement
between 1000 and 1200ppm implemented at same time as CK-4 licensing.
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6.7LVTW Test Update

Supplement Request Test Background (cont.):

* Incremental 600hour Ford Durability Testing at External Labs
with prototype or licensed CK-4 oils with 800ppm
Phosphorus results had excessive wear.

oApprox. 6 tests were run at different external labs.
= Some passed, but not all.
oAd Pac information can not be provided.
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6.7L VTW Test Update

200 hour Test Development Background:

* Ford/Lubrizol/Intertek/SwRI developed an ASTM Test
Method over the past Syears.
oUsing soot in the oil as wear mechanism.

oEngine Test Hours targeted to 200 hours or less show visual
correlation to wear in the Ford Durability Tests.

oAverage Rocker Arm Mass has shown discrimination in the testing
between High Wear Oil (HWO) and Low Wear Oil (LWO).
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6.7L VTW Test Development-Durability Test to VTW Test Visual
Comparison

Durability Tests in 6.7L with Low Phos 5W-30 PC-
11B2 Example Wear from a 200

Test showed excessive wear on pushrod ends and plunger tip

hour High Wear Oil (Low
Phos) test at the Rocker
Arm to Pushrod Interface

¢ PR
e 2 \ * e, | :
s i > “ b2 2
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6.7L VTW Test Development: Average Rocker Arm Mass Loss

. Rocker Arm Mass Loss Summar
HWO - ”PC].].B” (ShOWﬂ IN blue) o “y Test Num / LAB / OIL / Test Num ) A ) .
30 HTHS_150 92759\’;)-;."‘10- ‘ﬂa—si\fr}v—p\i;i-fo QZLH\JEQ—; 92;\_‘»-“;:\_3—4 J.J.Q—»C_Ol& ilO_—»C_L,‘l?r il?ACé'E;s
800 ppm phosphorus |t e Previous 210 Hour Tests e
LWO — CJ-4 Factory Fill (shown in orange) o | | [ | Comnen] | [ | (et | (ST
3.5 HTHS-150 o o
1100 ppm phosphorus UL =
Average Rocker Arm Mass g s
discrimination based on: "
@400 40(
¢ LWO/HWO run on latest test setup & procedure at |z = 35 5
SwRI and Intertek. T o oy &
« Both labs within Soot Window Limits. Max of 6%. [ = @ e ¢ = E’
500 251.4 T
e Both Labs within Operational Limits. - 214.2 131 -4 12(
Statistician reviewed for Discrimination | =
and Precision Matrix (PM)
Recom mendatlons. N )2 wo 92-1 N 2-HWO-32 )2-LWO- ilfJCCiF ) ll?*Dle?f . ilfJCC2_>
 Discrimination acceptable.
* Atransformation may be used to Improve
Discrimination.
*  PM needs up to (20) tests for evaluation of
different fuels.
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6.7LVTW 200hr Test Development Status

Resolved Soot Window & QI Tolerances.
o Reuvisit after Precision Matrix.

Determined a Statistical Model for Rocker Arm Average Mass Loss Pass/Fail Criteria.

Developed a Precision Matrix Proposal.
o Task Force Implemented.
o Different Fuels are a part of the proposed matrix.
o Funding request to industry.

Draft ASTM Test procedure with report forms and data dictionary have been completed.

Potential replacement of other Valve Train Wear Tests.
o Working with EMA.
o Some Licensed CK-4 with existing Valve train wear tests do not appear to provide the same level of wear protection as Cl-4
provided on 6.7L engines.

Several current WSS-M2C171-F1 approved oils have been tested and passed per proposed 115mg max
Rocker Arm Mass Loss target.

o Oils are between 1000 and 1200ppm phos.
o 800ppm test in progress. Results pending.

Appendix after slide 17 provides additional detail regarding the Ford VTW Test.
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6.7LVTW Test Update

Additional Supplement Request Background:

* Current Ford specification, WSS-M2C171-F1, approvals
exceed 200.
oThese Aftermarket oils are also CK-4 licensed.

oFord does not use the APl Donut on its Heavy Duty Motorcraft
Diesel Product.

oA CK-4+ supplement would increase the use of APl Trademark by
Ford.

oFord has no current warranty issues.

oThere is unknown use of CK-4 oils with lower phosphorus being
used in Ford Trucks.

= Approx. Industry use of High/Low Phosphorus based CK-4 oils 80/20.
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6.7LVTW Proposed Precision Matrix (PM) Test

Planned
Completion Proposed PM Test Plan-12/7/2021
ltem MMM-YY | Responsible with D975 (B1 & B2 Bookends
Finalize Draft Test Procedure Feb-21 Ford/Labs/API
Report Forms|  Feb-21 Ford/Labs/API
LWO, Fuel B2 HWO, PC-10 HWO, Fuel B1 LWO, PC-10
PM Agreement
Critical Parts Mar-21 Ford/Labs/TEI HWO, PC-10 HWO, Fuel B1 LWO, PC-10 LWO, Fuel B2
Funding for (20) Tests| Mar-21 | Task Force HWO, Fuel B2 LWO, PC-10 LWO, Fuel B1 HWO, PC-10
PM Test Start Apr-21__|Labs/TEl LWO, PC-10 LWO, Fuel B1 HWO, PC-10 HWO, Fuel B2
Review of First Row- Evaluate Fuels| May-21 All
Finalize Results Jul-21 Statisticians LWO, Fuel B2 HWO, PC-10 HWO, Fuel B1 LWO, PC-10
Evaluation] Aug-21 All
PM Completion| Sep-21 Al
Finalize Test Procedure Oct-21 All
Data Dictionary Oct-21 All
Report Forms Oct-21 All
Test accepted by API| Dec-21
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6.7L VTW Test Update

The OEM sponsoring each individual test shall fulfill the following requirements:

a. Justify the need for the test and performance limits.
i. Based on Ford Internal Dyno Testing. Other OEM information.

b. Provide test hardware.
i. Hardware provided to Labs. Availability confirmed to 2027. Expectation is to provide for next Category.

c. Provide a test procedure.
i. Draft ASTM Procedure provided.

d. Provide discrimination and precision data.
i. Demonstrated in multiple tests. Request to run a Precision Matrix to improve.

e. Provide suggested initial BOl and VGRA guidelines meeting CK-4.
i. BOI requirements similar to Table E-29 but may have little impact.
ii. VGRA requirements: From SAE 10W-30 to 5W-40, 10W-40, 15W-40.

f.  Provide suggested pass/fail limits.

i. Based on provided data as of January 2021:
a) Pass: 115mg or less average rocker arm weight loss.

ii. Intent is to change Ford Spec to performance based only and remove Phosphorus minimum.
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6.7L VTW Test Update

(3) anonymous OEMs wear issues resolved with higher Phos:

* OEM 1: Top Ring and Groove-See PDF
e OEM 2: Valvetrain-Wear
e OEM 3: Valvetrain-Wear
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6./LVTW Test Next Steps

* Request a supplement to CK-4 for Ford VTW Test.
o DEOAP consideration
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T
iy
o
~ ot
R

6./ VIW Test
Development

QUESTIONS?
Appendix:

Additional 200hour test
information follows.
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6.7L VTW Test Development: Overview

MY2019 Ford Powerstroke 6.7L V8 Diesel Engine with EGR & CCV
Removed

* Test Phases
o Flush
o Engine Break-In (New Engines only)
o Flush2 &3

o 200 hour test to initiate wear.
o 1000Nm at 2800rpm.

* Using soot as the mechanism to generate wear at Max Horsepower.

o Controlled by adjusting Coolant Temp Signal to PCM which in turn changes Fuel
Injection Timing

o Targets for soot loading with a maximum of 6% by End of Test (EOT).

* 14.5 kg oil charges
o Approximately 30 gallons of oil needed.
o High Wear 0il (HWO)
o Low Wear Oil (LWO)

* Approximately 16200L (4300gal) of Diesel Fuel
o Evaluating PC10 & D975 Fuels to determine test sensitivity.
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6.7 VTW Test Development: Overview

7

Focused on Average Rocker v P ——i
Arm Wear: o -

* No discrimination between oils
seen on other components
during prove-out testing

* Will continue to monitor other
components throughout
precision matrix testing

Wear locations:
Rocker to Valve
Rocker to Pushrod
Rocker to Fulcrum Balls
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Test Development Data: Soot Content vs Test Time

Test Cade (Chemical Dsta)

8 I 5wl Lo 200
W 3 w200
7 . . I 5w w0 200
Previous Testing: ST ar phase - 14 MWD 210
e AR LY 210
8 210hr Total Hours 200nf W p g
# g OWRILWD 210
g
g 4

200 HOUR TESTS

* Current Test:

2
200hr Wear Phase
1
L J
-«
] 10 20 30 40 a0 B0 70 B0 90 100 110 120 130 140 150 160 170 180 150 200 210
Test Time, hr

@ Current Soot Window Limits



Fe, ppm
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Test Development Data: Fe vs. Test Hours

HWO EOT Fe > LWO EOT Fe

Labs consistent with HWO & LWO Fe content.

May be useful for predicting failure before end of test.

Current Test shows approx. 2% Soot impacts Valvetrain Wear at ~75hrs on HWO.

Test Code (Chemical Data)
w B 53 L0 200

200 Hour HWO Tests e [ R

......

200 Hour LWO Test

Test Time, hr
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Test Development Data: Soot Content vs Viscosity

» Results with regard to Oil Viscosity to % TGA Soot.

* Labs consistent with soot vs Viscosity including HWO & LWO up to ~6% soot.

KN 100, Cts

Tests

11K
wE w




Ford 6.7 VTW Test 200 F
Version Only — Results Com

Team:

M. Deegan, J. Starling, A. Smith, R. Warden, T. Kostan, N. Ariemma, J.
Loop, S. Clark, D. Grosch, S. Moyer
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Rocker Arm Mass Loss Summary (All 200 Hour Tests)

LAB / Test Num
SwRI IAR

600

550
500
450
400

350

300 ‘
250 ’ 282.1 ‘

Rocker Arm Mass Loss, mg *

2514
200 234.4
150
100
" ® ®
0 43.8 =0

92-9-426581-1 92-10-426581-2 5-21-048399-400 110-0023 L1-0066

Rocker Arm Mass Loss and Avg. Rocker Arm Mass Loss for each Test Num broken down by LAB. Color shows details about OIL and Avg. Rocker Arm Mass Loss. For pane
Average of Rocker Arm Mass Loss: The marks are labeled by Avg. Rocker Arm Mass Loss. The data is filtered on DURATION, which keeps 200.
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550
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450

400

350

300

250

200

1150

100

50

Avg. Rocker Arm Mass Loss, mg *

QIL, Measure Names

. LWQ, Avg. Rocker Arm Mass Lass
LWQ, No Measure Value

. HWO, Avg. Rocker Arm Mass Loss
HWQO, No Measure Value
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Diamonds
show

Mass Loss
AVERAGE

Rocker Arm Mass IQR
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100

50
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92-9-426581-1
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Loss. Details are show

er Arm Mass Loss and Avg. Rocker Arm Mass Loss for each Test Num broken down
r OIL and Test Num

26581-2,92-9-4

LAB / Test Num
SwRI

N | —

92-10-426581-2 5-21-048399-400

hv

he data is filtered on DURATION, w
26581-1 and L1-0066.

IAR

0000 4

[ ]

110-0023

L1-0066

AB. Color shows details about OIL and Avg. Rocker Arm
ich keeps 200. The view is filtered on Test Mum, which keeps

450

400

350

300

250

200

150

100

50

Avg. Rocker Arm Mass Loss

0OIL, Measure Names

. HWQ, Avg. Rocker Arm Mass Loss
HWO, No Measure Value

M wwo, Avg. Rocker Arm Mass Loss
LWQ, No Measurs Value
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S

Pushrod Mass Loss Summary

R
R

Pushrod Mass Loss, mg %

150
140

130

120

[
o
o
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80

70

60

50

40

30

20

10

48.57

92-9-426581-1

LAB / Test Num
SwRI

68.81

4

23.57

223

92-10-426581-2 5-21-048399-400 110-0023

IAR

L1-0066

Viass Loss and Avg. PR Mass Loss for each Test Num broken down by LAB. Color shows details about OIL and Avg. PR Mass Loss. For pane Average of
Viass Loss: The marks are labeled by Avg. PR Mass Loss. The datais filtered on DURATION, which keeps 200.
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Avg. Pushrod Mass Loss, mg %

0OIL, Measure Names

Wl HWO, Avg. PR Mass Loss
HWO, No Measure Value

Il L0, Avg. PR Mass Loss
LWQ, No Measure Value
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Roller Follower Shaft Wear

40

35

30

M
wu

RF Shaft Wear (microns)
= n
(93] (]

10

\ 4

0 2.66
92-9-426581-1

RF Shaft Wear and Avg. RF Shaft Wear for each Test Num broken down by LAB. Color shows details about OIL and Avg. RF Shaft Wear. The data is filtered on DURATION,

which keeps 200.

LAB / Test Num
SwRI IAR

21.98
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4.16
3.06
92-10-426581-2 5-21-048399-400 110-0023 L1-0066
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25

15

10

Avg. RF Shaft Wear %

OIL, Measure Names

Ml HWO, Avg. RF Shaft Wear
HWC, No Measure Value

M LWO, Avg. RF Shaft Wear
LWQ, No Measure Value
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Soot vs Viscosity

18

16

14

12

10

kv Delta

Lo Test
M s-21-HwWo
M s2-5-HwWo
M sz-10-LwWo
M 110-0023
L1-0066
LWO
HWO
HWO
HWO

02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64

Soot, % #

[The trend of sum of k' Delta for Soot, %. Color shows details about Test. The marks are labeled by Oil. The data is filtered on Test Code (Chemical Data), which keeps |AR HWO 200, IAR LWO 200, SWRI HWO 200 and SWRI LWO 200. The view is

[Filtered on Test, which excludes 5-24-LWQ
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