Sequence IV Surveillance Panel | MINUTES

Revision Date 7/31/2017 11:32:00 AM

'Relevant Test: Sequence IVA and IVB

| Note Taker: Chris Mileti

' Meeting Date: 07-12-2017

% Comments: Update on experiments run at Intertek, Southwest and Lubrizol in preparation for

:

upcoming prove-out testing.

1. AGENDA ITEMS:

a) Background:

)

The agenda for this meeting (IV Agenda 7-12-17 v2) was distributed by Bill Buscher on 07-
11-2017 ot 6:45 PM EST.

b) Agenda ltems (IV Agenda 7-12-17 v2):

)
iff

il

Vi)

Previous action item review

Haltermann KA24E Green Fuel Status:

(1) Update from Haltermann.

(2) Preparation for delivery status update from labs.

Sequence IVB Hardware Status:

(1) Update from OHT on chamfering Batch-C intake camshafis.

(2) Update from OHT and/or Toyota on status of next batches of critical hardware.
Lubrizol's Sequence IVB Aclivities:

(1) Review of oil level frials.

Southwest's Sequence IVB Activities:

(1) Update and review of oil separator trials.

(2) Test procedure draft status.

interfek’s Sequence IVB Aclivifies:

{1) Update and review of prove-out tests.

[2) Discuss revisions to the engine coolant temperature QI calculation.

viij Next Steps:

[1) Vote on any new changes fo incorporate into the Sequence IVB test method.
(2) Discuss and agree on next steps for prove-out testing, lab activities and restarting the
precision matrix.

viii Sequence IVB Timeline:

ix)
x)
Xi)

{1) Discuss the timeline that will be reported to the AOAP on 07-13-2017.
Motion and action item review

Next meeting

Adjourn

2. REVIEW OF ACTION ITEMS:

a} Coolant Temperature Control:
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i) During a previous meeting, the Surveillance Panel agreed 1o control the outlet
temperature of the coolant instead of the inlet temperature.
if) Intertek ran several tests to evaluate this new control strategy.

(1) The original quality index calculations {which were established when the inlet
temperature was controlled) obviously generated negative QI values {around -16) for
the new conirol strategy.

{2) New Q! limits will be needed for the new control strategy.

(3} Intertek also noted larger swings in coolant temperature variation with the new control
strategy.

i) Lubrizol did not incorporate these coolant temperature changes into its recent oil level
tricls.
iv) Exxon also changed their stand to the new coolant temperature control strategy.
(1} They agree with Intertek that the new conftrol strategy resuits in larger swings in coolant
temperature.
v) Afton started their engine for the first fime yesterday.
(1) However, they are not yet ready to check QI values.
vi) Action ltem:

{1} Intertek suggested taking a 1-hour sample of data from each lab {using the Lubrizol
template) and providing it to the statisticians.

(a) They can then determine revised QI limits for the coolant outlet temperature.

b) Review of IVB Data Dictionary:
i} TMC has not yet started working on the new VB Data Dictionary.
(1) They are waiting for marked-up versions of the curent IVB Data Dictionary.
(2) They anticipate being able to quickly update the document.
(3) The TMC does want a final/approved version of the test procedure before any changes
to the Data Dictionary are made.

c) Batch of KA24E Haltermann Fuel with 185ppm Sulfur:
i) Two of the labs have already returned their fuel to Haltermann.
i) Haltermann adjusted the sulfur content of this batch and is ready to return it to the labs.
{1) Haltermann strongly recommends that each lab de-inventory their storage tanks before
they take possession of the adjusted fuel.

d) Keyence:
i} Lubrizol has negotiated a price reduction of 10% for the Generation-2 software.
{1) Keyence will extend this price reduction to Intertek, Southwest and Afton.
{2) Exxon already has the latest version of the software.
i) Lubrizol and Intertek have already received the Generation-2 (G-2) software.
iii) Afton is close to issuing their purchase order fo Keyence.
iv) Southwest plans to order the software but has not yet issued a purchase order.
v] Keyence Problems at Infertek:
{1) The control board [that controls the lights) failed on Intertek's macroscope.
[2) Keyence loaned them a temporary macroscope while their damaged unit was sent
back to Japan for repairs.
(3) Intertek’s original macroscope showed significant differences in E.O.T. measurements
with and without the application of talc.
{a) Interestingly, the loaned macroscope showed very little change in E.O.T.
measurements when talc was used.
(b) The loaned macroscope behaves similarly to the Lubrizol macroscope in this
respect.
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(4) Intertek’s original macroscope has been repdired and returned to them.
(a) The repaired macroscope now exhibits a much smaller difference between
measurements taken with and without talc.
vi} A metrology workshop and Keyence round-robin will need to be conducted aofter all of the
labs have upgraded to the G-2 software.

e) Lubrizol Oil Level Trials:

i} Lubrizol has completed a series of oil level trials.

i) Lubrizol visually confirmed that the Sequence IVB test conditions {i.e. reduced initial oil
charge, high frequency of oil samples and oil consumption due to bore polishing) are
starving the oil pump.

i) Lubrizol has evaluated iwo alternate oil pick-up tube designs that will mitigate this problem.

f) Section 4 of Engine Assembly Manual:
i) Intertek and Southwest still need to work on Section 4 of the Engine Assembly Manual.

g) OHT Updates:
i) OHTis developing a specific clutch alignment tool for the Toyota engine.
i) Intertek feels that better alignment should result in reduced wear on the pilot bearings.
(1} They did note that labs will still need to inspect their main bearings.

3. NEW DISCUSSION:

a) Haltermann Fuel Status: _

i} The final mixing is in process to adjust the entire batch of KA24E fuel.

ii) The adjusted fuel will have a sulfur level of approximately 128-130ppm.
{1) The new sulfur specification for the KA24E fuel is a target of 130ppm with a range of 120-

140ppm.

i) Haltermann will issue a final C of A within the next few days.

iv} The adjusted fuel will ship within the next week [assuming that all of the |albs are ready to
receive the shipment).
(1) Intertek and Lubrizol confirmed that they are ready to receive their shipments.

v} Haltermann is prepared to donate 4,000-gallons of KA24E fuel to support the 2nd Precision
Matrix.
(1) This should be enough fuel for over 20-tests.

vi) Haltermann is inventorying the KA24E fuel at two locations:
(1) Sterling, MI
(2) Baytown, TX

b) Update from OHT:
ij Camshafis:
(1) There are (66) Batch-C intake camshafis.
(a) Ten of these intake camshafts are being modified with lobe chamfers.
(2) There are (70) Batch-D exhaust camshafts,
i) Engines:
(1) There are {6) OHTIVB-16000-1 engines remaining.
(2} OHT has consighed each independent lab one of these engines for DOE testing.
{a) Both engines have dlready shipped and should arrive tomorrow.
i) OHT is prepared to donate all of the critical hardware for the 2nd Precision Matrix.
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c) Lubrizol Oil Level Presentation:
i} Silicone Pacification:
(1} The purpose of this trial was to visually monitor the oil level in the sump in relation to the
pick-up tube {and not to directly measure oil aeration).
(2} So the decision was made to forego running a silicone pacification/mitigation cycle in
order to save time.
i) Ford Motorcraft utility oil was used for the trials because it is readily available in the Lubrizol
lab.
iii) Precautions were taken between fridls to remove as much of the oil as possible from the
engine.
(1} The oil pan was removed from the engine and cleaned.
(2) Pools of oil were removed from the valve deck.
(3} The external oil system was disassembled and purged with air.
iv) 1% Trial — Determine the Amount of Oil Required to Fill External Oil System:
{1) Lubrizol modified a stock oil pan with a large sight glass.
(a) The sight glass was added to the exhaust-side of the pan to allow for direct
observation of the oil pick-up tube.
{b) A small port was installed on the intake-side of the oil pan to insert a backlight.

gt S wanng

= __'1-1 i

- -

ol Plck-Up Tube

. ’ =
Sight glas_s_in?‘l.-lllmj___.m OMT oll pan

(2) A considerable amount of oil is required to fill the external oil system (lines, Oberg fitter
and heat exchanger).

{a) The dotted white line [in the image below] shows 3000mL in the engine when the
external cil system is empty.

(b) The dotted yeliow line [in the image below] shows 3000mL in the engine when the
external oil system is full.

(c) The difference between the dotted yellow line and the dotted blue line [in the

image below] shows the approximate amount oil required to supply the engine at
2000RPM,
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v] 2" Trial - Determine if Pick-Up Tube Is Exposed to Air:
(1} The silhouette of the pick-up tube becomes visible as the oil volume drops below
2000mL and the engine is at 2000RPM.

(2) The pick-up tube breaks the surface of the oil when the oil volume drops below 1900mL
and the engine is at 2000RPM.
{a) The pick-up tube is presumably ingesting air at this point.
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'O00RPM {continued)

-~ gl |

B e

{3) The top half of the pick-up tube is above the surface of the oil when the oil volume
drops below 1500mL and the engine is at 2000RPM.
(a) The il pump is presumably being starved at this point.

* ¥ 70p Hallef Pick-Up Tube
o= dExposed 10 Af
= .

{4) There is very little oil draining from the top of the engine when the oil volume is at
1400mL and the stand is running at test conditions.
{a) This is observational evidence that the oil pump is being severely starved.
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Gl Volume: 1400mL O volume: 1400mi.
Speed:Stage 1 Dpeed:Biage 2

Lubrizol

Ga mr e e ol pmwmeam _—— -

vi} 3" Trial - Evaluate the Performance of a Sloffed Pick-Up Tube Design:
(1} Lubrizol modified the stock oil pick-up tube design by welding an aluminum cap to the
end.
(2} The purpose of this end cap was to lower the inlet of the pick-up fube so that it is closer
to the bottom of the oil pan.
(a) This end cap also utilized a slotted opening to [hopefully] reduce the formation of
whirlpools at the surface of the oil.

e Aluminum cap was End Cap Is Shown Upside-down
fabricated to fit on the end of Elongated InistAres
the stock pick-up tube. S0 Decrease

+ This end cap forces the _ N’a““' o

pick-up tube to only draw oil

from the bottom of the pan.
* The overall inlet area of the

end cap exceeds the inlet

area of the stock pick-up
tube.

¢ e e

(3) The slofted pick-up tube design significantly improved the engine’s ability to maintain
oil pressure under extremely low oil volumes {~1400mL).
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* The modified pick-up tube significantly improved o¢il pressure under test conditions
when the ol volume Is extremety low (~1400mL). .
Lubrizol

L ke e oim e E pamam a— =

{4) Unfortunately, the longer overall length of the modified oil pick-up tube behaved like a
dam across the bottom of the oil pan when the oil volume was extremely low.

» Unfortunately, the longer
overall length of the
modified pick-up tube is
behaving like an oil dam
when the oil level is low.

+ The exhaust-side o N
opening of the modified o 8

pick-up tube is draining -
the exhaust-side of the 1400ML at 2000RPH] e
pan. W mren 2
Lubrizol
e P

vii) 4 Trial = Evaluate the Performance of an Oil Weill Design:
(1) Lubrizol removed the aluminum end cap that was evaluated during the 3¢ trial.
(2) A downward-facing inlet was installed in its place.
(3} A small, circular well was added to the floor of the oil pan directly below the downward
inlet.
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90* Dawnward Inlet

(4) The oil well design proved to be superior to the slotted design under extremely low oil
volumes (~1400mL).
{(a) The engine was able to maintain significantly better oil pressure under test
conditions.
(b) There is visibly more oil draining from the top of the engine and around the back of
the sight glass.
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+ The 2 revision to the il plck-up tube aliows the engine to maintain excellent oll
pressure over the entire test cycle, even when the il volume is extremely low.

+ Oll pressure, original configuration and 1400mL: 50-135kPa

» Oil pressure, 1% revision and 1400mL: 100-180kPa

+ Ot pressure, 2™ revision and 1400mL: 130-300kPa .
Lubrizol

D L I T T ey J—— S

viii] Intertek’s Comments:
(1) Each lab should be able to modify a single oil pan with the oil-well design that they can
use for their prove-out testing.

{a) This will give OHT time to produce modified oil pans for the 2nd Precision Matrix.

{b) There was a consensus within the Surveillance Panel that this plan would be
acceptable.

(2} Intertek recently measured the volume of the external oil system and found it to be
around 530mL.

(a) This is very close to Lubrizol's calculated external oil volume of 521.5mL.

(b) Lubrizol noted that the small discrepancy between measured and calculated
volume is probably due to the fact that Lubrizol did not include fittings in its
calculations,

ix] Exxon’'s Comments:
(1) inlight of the Lubrizol findings, do we sfill want to increase the oil charge?
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(2) The group debated BExxon's question and came to the consensus that it is better to emr
on the side of caution in terms of oil volumes.
(@) A larger inifial oil volume will significantly reduce the risk of oil pump starvation.

{b) Also, it is much easier to make this change now than it would be after the Precision

Matrix.

(c) Lubrizol continued to express concern about increasing the initial oil charge.
(i} Increasing the initial oil charge could shift the test too mild.

x] Aeration:

(1) Toyota stated that there is no targeted level of aeration for this test.

(2) Instead, they want to reduce aeration as much as possible.
(3) The oil pan modifications, in addition to the increased initial oil charge, will both help to
eliminate any possibility of aeration.

xi) Action lfems:

(1) Lubrizol to provide drawings of their cil pan modifications to the Surveillance Panel.
(2) Lubrizol to send the oil pan with the sight glass to Intertek.
(a) Intertek will repeat the Lubrizol trials.

d) Southwest Oil Separator Presentation:

i) Slide #3:

Overview of Testing

= Two [00 hour tests on the same set of used hardware

~ Hardware was previously used far a 200 hour low wear prove-
out test

= |85 ppm sulfur fuel batch
* Oil REC 300

= New charge at the start of each tests with standard flushing a
2400 ml test charge

» Test 20-0-50 with separator

®# Test 20-0-3| without separator (mounting bracket flipped to
bring heat exchanger close to the valve cover)

= 29 °C blow-by temperature
* New TCO control setpoint (52 °C)

Swltt

(1) All of these tfrials were done with the 185ppm fuel batch that was used for the initial
Precision Matrix.

i) Slide #5:
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Iron Comparison

Propased Sequence IVB Valve Train Wear Evaluation
Fe Trend
Ol Code: RED 300 Tests: With [20-0-50) and Without (20-0-51) Oll
Separator
LY
Iren lavels with =
and without the el
- separator were e
nearly identical e e
i =i
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(1} Iron levels were identical between oil samples that were taken with and without the oil

sepdarator.
iii} Slide #6:;

Water Comparison

- e »-— —
L
L 100
ROPEE e 20D 51 WO

Proposed Sequence VB Valve Train Wear Evaluation
Water Trend Switt
Oil Code: RED 300 Tests: With [20-0-50) and Without {20-0-51) 0l
Separstor

With and without

separator \_;pw
._A__;,,_,I

{1) Water content was very similar between oil samples that were taken with and without

the oil separator,
iv] Slide #7:

Page 11



TAN-TBN Comparison

Proposed Sequence VB Valve Train Wear Evaluation
TBN and TAN Trend
Ol Code: RED 300 Tests: With {20-0-50) and Without {20-0-51) Ol
Separator

» 0 n o

S VAN | $80 wnth] 050 1MW il MOV TANGROO M} e 200 51 D

Switt

(1} The TAN and TBN trends are both very similar between oil samples that were taken with
and without the oil separator.

v) Slide #8 and Slide #9:

With Separatar

54 Hours Emulsion Comparison

Without Separator
FLELS & LUBRICANTS RESEARCH

wwriorg
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100 Hours Emulsion Comparison
I

With Separator Without Separator
FUELS & LUBRICANTS RESEARCH

wriorg

— i — — — —— ——— —— —

(1} Removing the oil separator did not have a significant impact on the amount of
emulsion that formed under the rocker arm cover.
vi] Slide #10 and Slide #11:

20-0-50 Blow-by Temp into the Heat Exchanger
With Separator Average = 32.7 °C

Temp into the Heat Exchanger with the Separator

W W
& ;

w
Lol

Temparature [*C)
W ow
[y [

[t
L=}

%3
w

0O 10 20 30 4 50 6 0 80 90 100
Test Hours

Amblert Average Temp = 31.3 *C, Min = 28.5 °C
{Despite the room being heated and testing during the summer In San Antonie)

Frattdadt mask A wn org
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20-0-51 Blow-by Temp into the Heat Exchanger

Without Separator Average =31.9 °C

Tom Into tha Head Ehanger withed (he Saparaioe
35

34

Tempe T |
sl = pu
- - -]

25
10 pur] Ml L i ] T i a0 100
T84T My

Ambient Average Temp = 31,9 *C, Min = 29,3 °C

Gttt =

(1) Southwest measured significant swings in the blowby temperature between daytime
and nighttime.

(2) These swings were present both with and without the oil separator installed.
(a) Blowby temperature swing with oil separafor: 28.5°C to 31.3°C
(b} Blowby temperature swing without oil separator: 29.3°C to 31.9°C

(3) These swings were unexpected because their Sequence [VB stand is in an

environmentally contfrolled room.

vii) Slide #12:

Conclusions

= No significant difference in oil iron content, water content, or
TAN-TBN data during tests with and without the separator.

= No significant difference in emulsion visible on the valve deck
during the tests,

* No significant difference in temperature of the blow-by
entering the heat exchanger between tests but there is intra-
test varfation which indicates an ambient effect that could [ead
to lab to lab and seasonal variability.

- Therefore, SwRl recommends removing the oil separator as it
eliminates this possibility and preliminary results from these
tests indicate that it doesn’t have ather side effects.

S ywmiong

(1) There were no significant changes in any of the monitored parameters when the oll
separator was removed.

(2) Southwest recommends removing the oil separator in order fo simplify the external
blowby system.

viii) Affon's Comments:
(1) The oil separator is essentially o heat sink that makes the test stand more susceptible to
changes in ambient conditions.
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(2} They would like Southwest to provide details on how they revised the plumbing of the
external blowby system when they removed the oil separator.

e) Southwest Fuel Dilution Study:
i| Slide #15:;

ASTM D3525 Experiment Results

Measured Fuel Dilution vs. Actual Fuel Dilution

B

Only 0.5%, not
enough to explain

the results of recent
engine tesls

T
W

- =
N
=S

5

E

EHASAGIUL
tprove-out)

Fuel Inlytian Pezsied By ASTM D355
H

~
)

ELZUTI0
manrlxh

o
B

&t % 104 1% ELCY 16%
Actual Sl mied with Oif 140

* If It Isn’t 2 measurement issue, could fuel volatility differences
be affecting fuel-cil mixing? Would new fuel requirements
(RVP?) be appropriate?

) i %

(1) There is not a significant difference in fuel dilution measurements between the two fuel
batches with the D3525 method.

(2} The difference between the two fuel batches at 11% is currently unexplained.
(a) However, this difference is not of a magnitude that would explain the differences

seen between Intertek and Southwest during prove-out and Precision Matrix testing.
(b) So the differences may not be due to the measurement technique.
i) Southwest questioned whether the fuel dilution differences being seen between labs
actually have an impact on intake lifter wear.

f) Southwest Update on Draft Procedure:
i) Southwest sent a copy of the draft procedure to Intertek and Lubrizol.

i) The TMC will post a copy of this draft procedure to their website so that the entire
Surveillance Panel can review it,

g) Intertek Update on Recent Prove-Qut Tests:
i) Interiek recently ran several prove-out tests at the request of Toyota.
i) One of these three tests utilized the new high-event camshaft lobe failure oil (a.k.a. [VB-
LFO-1).
{1) The remaining two tests used REO300 and REO1012.
iii) Intertek applied the following changes fo these tests (Bill Buscher email, 07-07-2017 af
4:27PM EST):
{1} Change in initial oil charge measurement from volume to mass.
(2) Standardization of engine coolant flow direction.
(a) Coolant flows into the inlet pipe and out of the rear of the cylinder head.
(3) Change in the coolant temperature conirol point from the inlet fo the outlet (rear of the
cylinder head).

(4) Change in the coolant temperature set-point from 49°C (coolant inlet) to 52°C {coolant
outlet).

(5) Change from 185ppm sulfur KA24E fuel 1o 124ppm sulfur KA24E fuel.
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h)

{6) Change from 2400mL (2100g) to 3000mL (2600g) initial oil charge volume.
{7) Change from 10z (30mL) to 20z (60mL) 25-hour interval oil sample volumes.
(a) This will eliminate the need for sample *pour backs”.

iv) Intertek cannot share wear results from the high-event camshaft lobe failure oil per their
customer's request.
(1) However, they can share that this oil did not experience a camshaft iobe failure.

v) All of these tests had negative coolant temperature Ql's as a result of the new coolant
temperature control strategy.

vi}) Intertek has distributed summaries from these tests to the Surveillance Panel (Bill Buscher
email, 07-07-2017 at 4:27PM EST).

Discussion about 2nd Precision Matrix:
i} The independent labs are not in a position to donate a significant number of additional
tests.
il Exxon’s Lab:
(1) Exxon is ready to start prove-out testing.
(a) They are willing to conduct scoping ftrials similar o what Lubrizol did with the oil level
study.
{2} Exxon is also interested in participating in the Precision Matrix {as the 4™ lab) if they can
prove equivalency to the other three labs.
(3) Toyota stated that Exxon probably cannot participate in the 2nd Precision Matrix at this
time because they do not yet have a history of test results.
(a} However, both Toyota and Intertek agreed that Exxon could run in paralle! to the 2
Precision Matrix.
(b) Both Toyota and TMC agreed that the Exxon results could be used to set targets.
iii) Lubrizoi’s Lab:
{1) Lubrizol has committed to running prove-out tests,
(2) Lubrizol still needs to have some internal discussions before it can commit to
participating in the Precision Matrix.
iv] Afton’s Lab:
(1) Afton may be willing to provide supplemental data near the end of the Precision Matrix.
(2) They just fired their engine for the first time yesterday.

Discussion about Incremental (5-Hour) Oll Samples:
i) Afton would like the Surveillance Panel to consider removing the 5-hour oil samples.
i) Interfek’s Comments:
(1) Intertek is open to this possibility, but would like the 5-hour oil samples to remain in piace
at least through the prove-out testing.
(2) The Surveillance Panel will need 1o vote to remove these samples prior to the Precision
Matrix.
{3) They support Afton's proposal because the smaller 5-hour samples are difficult to
accurately measure,
iii) Infineum’s Comments:
(1) They would like to see the prove-out and Precision Matrix tests run the same way in
regards 1o the oil sample schedule,
(2) However, outside of that they are not opposed to removing the 5-hour oil samples.
iv)] Exxon’s Commenis:
(1) Exxon agrees with Infineum that the oil sample schedule needs to be the same
between the prove-out and Precision Matrix fests.
v) There was a general consensus among the Surveillance Panel members 10 increase the
volume of the 25-hour cil samples from 10z to 2oz.
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(1) This will eliminate the need for “pour backs” as the samples are moved from one subtest
to the next subtest.

i) Discussion about Chamfered Intake Camshafis:

i)

There was consensus within the Surveillance Panel to run chamfered intake camshafts for
all prove-out tests.

k) Motion to Approve Changes to Test Procedure:

)

i)

Intertek submitted a motion to the Surveillance Panel to approve a series of changes to the

test procedure.

(1) Toyota seconded the motion.

Motfion: "Agree fo move forward with the following changes, based on data and resuits

presented to-date:

{1} Change in initiaf oil charge measurement from volume to mass.

(2) Standardization of engine coolant flow direction to info the coolant inlet pipe and out
of the rear of the cylinder head, as is the production coolant flow direction for the
Toyota 2NR-FE engine.

{3) Change in the coolant temperature control point from coolant in to coolant out frear
of the cylinder head).

{4) Change in the coolant temperature set-point from 49°C {Coolant In) to 52°C (Coolant
Out).

(5} Change from 185 ppm Sulfur content KA24E Green fuel to 130110 ppm Sulfur content
KA24E Green fuel,

(6) Change from 2,400 mi {2,100 g} to 3,000 mi (2,600 g) initial oil charge volume.

{7) Change from 1 ounce {30 mi] to 2 ounce {60 mi] 25-hour interval oil sample volumes.
This will eliminate the “analyze and return sample for other analyses requirement” that
we currently have, fo conduct kinematic viscosity analysis.

(8) Eliminate the 3 mi 5-hour interval oil samples at 105, 110, 115, 120, 130, 135, 140,145, 155,
160, 165, 170, 180, 185, 190 and 195 hours.

(9) Change to OHT chamfered intake camshafts.

{10 Change to OHT modified oil pan with the additional Lubrizol
recommended/design modifications.
(11) Eliminate oil separator from and revise plumbing, as per Southwest, for the

external blowby system.”

iiij Resulls of Vote:

(1) The following organizations voted affirmatively: Intertek, OHT, Valvoline, Afton, Toyota,
TEl, Southwest, Lubrizol, Haltermann, Infineum, Ford (Toyota voted by proxy), Exxon,
Oronite and BP.

(2) The following organizations waived: TMC
(3) The final vote count of 14-0-1 was a pass.

Forward Action Plan for Prove-Out Testing:

)
i)

i)

Lubrizol requested that no prove-out testing is conducted until the Surveillance Panel can
review and approve a final draft test procedure.

Southwest to conduct (3) tests using their Precision Matrix stands:

(1} Run 1, Stand 20: IVB-LFO-1

(2} Run 2, Stand 18: REOQ300

(3} Run 1, Stand 18: REO1012

Interlek to conduct (3) repeat tests using their Precision Matrix stands:

{1} Run 1, Stand 165: IVB-LFO-1

(2) Run 1, Stand 102: REO300

(3) Run 2, Stand 102: REC1012
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iv] Lubrizol to conduct (2) tests:
(1) Run 1: REQ1012
{2) Run 2: REO300

v] Exxon to conduct (2) tesfs:
(1) Run 1: REO300
(2) Run 2; REO1012

Asteniliemas

Collect engine coolant temperature data using new

[UECUCE

Completion Date

strategy. and provide the data to statisticians, e
Stajnshcnons to recommend new QI targets and limits for Statisticians
revised coolant temperature control strategy. I
Lubrizol to distribute drawings of oil pan modifications (i.e. oil Lubrizol
well). -
Lubrizol to |nv_es’r|gc|’re influence of oil sample valve on ol Lubrizol
sample foaming.
Lubrizol to send modified oll pan (with sight glass) to Intertek. . Lubrizol
Intertek o repeat and confirm Lubrizol oil level trials. Intertek .
Statisticians to recommend oils and run order for labs that arey Statisticians
offering supplemental data for the 2 Precision Matrix. S
Update and approve Sequence IVB draft procedure. All Labs
Follow-up Notes/Updales: Initials Date Added
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MEMBERSHIP J"’k‘t |z’2,|1
SEQUENCE IV SURVEILLANCE PANEL

Aune-B=301L
NAME COMPANY-ADDRESS-PHONE-FAX-EMAIL SIGNATURE
Bowden, Jason OH Technologies, Inc.
9300 Progress Parkway
P.O. Box 5039
Mentor, OH 44061-5039 [/
Phone No.: 440-354-7007

FaxNo.:  440-354-7080

Email: jhbowden@ohtech.com

Buscher I1I, William Intertek Automotive Research
5404 Bandera Road

San Antonio, TX 78238
Phone No.: 210-647-9489 or 210-240-8990 cell M
Fax No.; 210-684-6074

Email: william buscher(@intertek.com

Buscher, Jr.,, William Buscher Consulting Services
P.O.Box 112

Hopewell Jet., NY 12533
Phone No.: 914-897-8069
Fax No.:  914-897-8069

Email: buschwa(@aol.com

Savant, Amol Valvoline
22" & Front Streets

Ashland, KY 41114
Phone No. M
Fax No.:

Email;

Pecinovsky, Katerina Afton Chemical Corporation
500 Spring Street

P.O. Box 2158

Richmond, VA 23217-2158 L
Phone No.: 804-788-

Fax No.:  804-788-
Email:

Grundza, Rich ASTM Test Monitoring Center
6555 Penn Avenue

Pittsburgh, PA 15206

Phone No.: 412-365-1031 I/
Fax No.: 412-365-1047

Email; reg@astmtme.cmu.edu

Hsu, Jeffery Shell Global Solutions
3333 Highway & South
Houston, TX 77082
Phone No.: 281-544-8619
Fax No.: 281-544-3150

Email: i.hanf@shell.com

Kowalski, Teri Toyota Motor North America, Inc,
1555 Woodridge

Ann Arbor, MI 48105 /
Phone No.: 734- 995-4032 or 734-355-8082 cell
Fax No.: 734- 995-9049

Email: teri.kowalski(@tema.tovota.com
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MEMBERSHIP

SEQUENCE IV SURVEILLANCE PANEL

Jenx “. 2177
13-

Suno-8-2017-

NAME

COMPANY-ADDRESS-PHONE-FAX-EMAIL

SIGNATURE

Lanctot, Dan

Test Engineering, Inc.

12718 Cimarron Path

San Antonio, TX 78249

Phone No.:

Fax No.:

Email: Lanc i-n m

l/

Rais, Khaled

Southwest Research Institute
6220 Culebra Road

P.O. Drawer 28510

San Antonio, TX 78228-0510
Phone No.: 210-522-3842
Fax No.: 210-684-7523

Email: __ khaled rais@swri.org

Tatry, Preston

BP

1500 Valley Road
Wayne, NJ 07470
Phone No.:

Fax No.:

Email:

Hopp, Meryn

GM Powertrain

Mail Code 483-730-322
823 Joslyn Rd.

Pontiac, MI 48340-2920
Phone No.:

Fax No.:

Email:

Mileti, Chris

Lubrizol Corporation
29400 Lakeland Blvd.
Wickliffe, OH 44092
Phone No.: 440-347-2521
Fax No.;:  440-347-4096

Email: christopher.mileti@L ubrizol.com

\

Overaker, Mark

Haltermann Solutions
15635 Jacintoport Blvd.
Houston, TX 77345
Phone No.: 832-376-22(02
Fax No.:

Email: mhoveraker@jhaltermann.com

Rieth, Ryan

Infineum USA L.P.

1900 E. Linden Avenue
Linden, NJ 07036-0536
Phone No.: 908-474-7377
Fax No.: 908-474-3637

Email: Ryan.Rieth@Infineum.com

\

Romano, Ron

Ford Motor Company
1800 Fairlane Drive

Allen Park, MI 48101
Phone No.: 313-845-4068
Fax No.:  313-323-8042

Email: rromano(@ford.com
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MEMBERSHIP
SEQUENCE 1V SURVEILLANCE PANEL

12.
dvesr My, 20177

“NUVETIOET 10, 2016

NAME

COMPANY-ADDRESS-PHONE-FAX-EMAIL

SIGNATURE

Sagawa, Takumaru

Nissan Motor Co., Ltd.

560-2, Okatsukoku, Atsugi city
Kanagawa 243-0192

Phone No.: 046-270-1515

Fax No.:
Email:

046-270-1585
t-sagawa(@mail.nissan.co.jp

Salvensen, Cliff

ExxonMobil Research & Engineering Co.
600 Billingsport Road

P.O. Box 480

Paulsboro, NJ 08066-0480

Phone No.: 856-224-2954

Fax No.:
Email:

clifford.r.salvesen@exxonmabil.com

Sinha, Kaustav

Y
ﬂ‘\,o“ ] l'6

gor O

Chevron Oronite Company LLC
4800 Fournace Place

Bellaire, TX 77401

Phone No.: 713-432-6642
)’ax No.:
Email: LFN

713-432-3330
chevron.com

Chrysler Group LLC
800 Chrysler Drive
Aubum Hills, M1
Phone No.:
Fax No.:
Email:

haiying tang@feagroup.com

Phone No.:
Fax No.:
Email:

Phone No.:
Fax No.:
Email:

Phone No.:
Fax No.:
Email:

Phone No.:
Fax No.:
Email:
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NON-MEMBER MAILING LIST Juut 12 26177
SEQUENCE IV SURVEILLANCE PANEL '
tupe-3-2017,

- NAME COMPANY-ADDRESS-PHONE-FAX-EMAIL SIGNATURE

Adams, Mark Tribology Testing Labs

Phone No.: 989-980-4418
Fax No.:
Email: mark@tribologytesting.com

Altman, Ed Afton Chemical Corporation
500 Spring Street

P.0. Box 2158
Richmond, VA 23217-2158 /
Phone No.: 804-788-5279

FaxNo.: 804-788-6358
Email: ed.altman@aftonchemical.com

Boese, Doyle Infineum USA L.P.

1900 E. Linden Avenue
Linden, NJ 07036-0536
Phone No.: 908-474-3176
Fax No.: 908-474-3637

Email; doyle boese@infineum,com

Bowden, Adam OH Technologies, Inc.
9300 Progress Parkway
P.O. Box 5039

Mentor, OH 44061-5039
Phone No.: 440-354-7007
Fax No.:  440-354-7080

Email: adbowden@chtech.com

Bowden, Dwight OH Technologies, Inc.
9300 Progress Parkway
P.O. Box 5039

Mentor, OH 44061-5039
Phone No.: 440-354-7007
Fax No.:  440-354-7080

Email: dhbowden@ohtech.com

Bowden, Matt OH Technologies, Inc,
9300 Progress Parkway
P.O. Box 5039

Mentor, OH 44061-5039
Phone No.: 440-354-7007
Fax No.:  440-354-7080

Email: mbowden@ohtech com

Brys, Jeroine Lubrizo] Corporation

29400 Lakeland Blvd.

Wickliffe, OH 44092

Phone No.: 440-347-2631 [ 440-943-1200 l/
FaxNo.:  440-943-9013

Email: jabs{@lubrizol.com

Campbell, Bob Afton Chemical Corporation
500 Spring Street

P.0. Box 2158

Richmond, VA 23217-2158 L~
Phone No.: 804-788-
FaxNo.. 804-788-6358

Email: bg]_g.camgbell@@g]_lemical.com
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NON-MEMBER MAILING LIST

12 20177
SEQUENCE IV SURVEILLANCE PANEL Dot 12 20

Fune-3208F

NAME COMPANY-ADDRESS-PHONE-FAX-EMAIL SIGNATURE

Castanien, Chris Neste

Phone No.:
Fax No.:

Email: Chris. Castanien(@nesteoil.com

Clark, Sid Southwest Research Institute
50481 Peggy Lane
Chesterfield, MI 48047
Phone No.: 586-873-1255

Email; sidney.clarki@swri.org

Clark, Jeff ASTM Test Monitoring Center
6555 Penn Avenue

Pittsburgh, PA 15206

Phone No.: 412-365-1032
FaxNo.: 412-365-1047

Email: jac@astmime.cmu.edu

Dvorak, Todd Afion Chemical Corporation
500 Spring Street

P.O. Box 2158

Richmond, VA 23217-2158
Fhone No.: 804-788-
FaxNo.: 804-7838-6358

Email: th.dvog@aﬁonchmicg!Emm

Famsworth, Gordon Infineum USA L.P. )
1900 E. Linden Avenue
Linden, NJ 07036-0536

Phone No.: 570-934-2776 1/
Fax No.:  908-474-3637
Email: gordon.farnsworth@infineum.com

Keily, Jack Lubrizol Corporation
29400 Lakeland Blvd.
Wickliffe, OH 44092
Phone No.: 216-943-1200

Fax No.:

Email: jack@lubrizol.com
Knight, Clayton Test Engineering, Inc.

12718 Cimarton Path

San Antonio, TX 78249
Phone No.: 210-862-5987 cell
Fax No.: 210-690-1959

Email: cknight(@tei-net.com

Kostan, Travis Southwest Research Institute
6220 Culebra Road

P.O. Drawer 28510

San Antonio, TX 78228-0510
Phone No.: 210-522-2407
Fax No.;  210-684-7523

Email: tmvig.kgsgn@wri.og

Page 2 of 5



NON-MEMBER MAILING LIST

-
SEQUENCE IV SURVEILLANCE PANEL Jvay 12, 20)

Juns-8:2047
NAME COMPANY-ADDRESS-PHONE-FAX-EMAIL SIGNATURE
Lang, Patrick Southwest Research Institute
6220 Culebra Road
P.O. Drawer 28510
San Antonio, TX 78228-0510 l/

Phone No.: 210-522-2820 or 210-240-9461 cell
Fax No.: 210-684-7523

Email: patrick lang@swri.org

Linden, Jim Linden Consulting LLC

673 Campus Road

Rochester Hills, M1 48309

Phone No.: 248-321-5343

Fax No.:

Email: indeniim@ijlindenconsulting.com

Lochte, Michae! Southwest Research Institute
6220 Culebra Road

P.O. Drawer 28510

San Antonio, TX 78228-0510
Phone No.: 210-522-5430
Fax No.: 210-684-7523

Email: michael. lochte@swri.org

\

Lopez, Al Intertek Automotive Research
5404 Bandera Road

San Antonio, TX 78238-1993

Phone No.: 210-647-9465 or 210-862-7935 cell l/
Fax No.:  210-523-4607

Email: al.l intertek.com

Matasic, James Lubrizol Corporation
29400 Lakeland Blvd.
Wickliffe, OH 44092
Phone No.: 440-347-2487
Fax No.:

Email: James Matasic@Lubrizol.com

Martinez, Jo Chevron Oronite Company L.LC
100 Chevron Way, 71-7548
P.O. Box 1627

Richmond, CA 94802-0627
Phone No.: 510-242-5563

Fax No.: 510-242-1930

Email: jomartinez@chevron.com

McMillan, Mike Infineum

5019 Deer Creek Cir N

-| Washington, M1 48094
Phone No.: 586-677-9198
Fax No.:

Email: mmemillan123@comeast.net

O’Malley, Kevin Lubrizol Corporation
29400 Lakeland Blvd.
Wickliffe, OH 44092
Phone No.: 440-347-4141
Fax No.:

Email: Kevin.OMalley@Ilubrizol.com

Page 3 of 5



NON-MEMBER MAILING LIST duny 12 20177
SEQUENCE IV SURVEILLANCE PANEL !

S i2017
NAME COMPANY-ADDRESS-PHONE-FAX-EMAIL SIGNATURE
Pastor, Jofran Infineum
Phone No.:
Fax No.:
Email: jofran.pastor(@infineum.com
Porter, Christian Afion Chemical Corporation
500 Spring Street
P.O. Box 2158

Richmond, VA 23217-2158
Phone No.: 804-788-5837
Fax No.:  804-788-6358

Email: christian,porter@aftonchemical.com

Rais, Khaled Southwest Research Institute
6220 Culebra Road

P.O. Drawer 28510

San Antonio, TX 78228-0510
Phone No.:

Fax No.:  210-684-7523

Email: khalad.rais@swri.org

Ritchie, Andrew Infineum USA L.P.
1900 E. Linden Avenue
Linden, NJ 07036-0536

Phone No.: 908-474-2097 M
FaxNo.: 908-474-3637

Email: andrew.titchie@infinenm.com

Savant, Amol Ashland Inc.

220 & Front Streets

Ashland, KY 41114

Phone No,:

Fax No.:

Email: ACSavant@ashland.com

Smolenski, Don Evonik

Phone No.:
Fax No.:
Email:

Stockwell, Robert Chevron Cronite Company LLC

Phone No.:
Fax No.:

Email: Robert.Stockwell@chevron.com

Sutherland, Mark Test Engineering, Inc.
12718 Cimarron Path

San Antonio, TX 78249
Phone No.: 210-867-8357
Fax No.:.  210-690-1959

Email: msutherland(@tei-net.com
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NON-MEMBER MAILING LIST

A vl
SEQUENCE IV SURVEILLANCE PANEL Jvee 1 20

Jume8;2047
NAME COMPANY-ADDRESS-PHONE-FAX-EMAIL SIGNATURE
Taylor, Chris '
Phone No.: 210-710-4627
Fax No.:
Email: i 1o ing-fuels.com
Warholic, Mike
!
Phone No.: 908-287-9596
Fax No.:
Email: Hapjthom(@aol.com
WearheotiorMikim——
I~/
C v B Phone No.: 609-744-6782 /
Fax No.:
LeNEreE T I Email: Michael. Warholic@lnfineum.com
PAASAD Y e
Phone No.:
TUM.*T 1 Fax No.:
Email:
ATOSH
ﬁ I VMN a Phone No.:
Fax No.:
Email:
Melen Phone No.:
Fax No.:
Email:
CANLX e ’
e A L
<o Phone No.:
Fax No.:
! Email:
Cee
2 Sum—| [/-
Cotn S Phone No.:
Fax No.:
Email:
Page 5 of §
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From: Bill Buscher Intertek

To: Alfonso_Lonﬂunmnak,J.ann.Eam_M._ “Clark, Sidney L." jAEEHI_HIBAND_,:Leu.ISmalsIsLGIMAIII:)_.
ﬂmmnh.ﬁnm wmmmmmﬂm:
mhnsﬂas:anlsn.@ngsmu.m _AanSa!aur_ MQMallﬂ@lummmet;iﬁw@mﬁugummmﬂ

.mmmwm&mm@shdm
_Dmmah@.lhaltmuann.m M:lﬂ:..&dam.&nb.en

Subject: Intertek IVB Prove-out Testing Update

Date: Friday, July 07, 2017 3:26:00 PM

Attachments:

.

Sequence IV Surveillance Panel,

Sequence IVB prove-out/scoping tests on IVB-LFO-1 {lobe failure candidate oil}, ASTM REO 300 and
ASTM REO 1012 {REC3) have been completed at Intertek and all post-test measurements have been
completed.

The following changes were applied to these tests:

® Change in initial oil charge measurement from volume to mass.

Standardization of engine coolant flow direction to into the coolant inlet pipe and out of the

rear of the cylinder head, as is the production coolant flow direction for the Toyota 2NR-FE

engine.

* Change in the coolant temperature control point from coolant in to coolant out {rear of the
cylinder head).

¢ Change in the coolant temperature set-point from 49°C (Coolant In) to 52°C {Coolant Out).

e Change from 185 ppm Sulfur content KA24E Green fuel to 124 ppm Sulfur content KA24E
Green fuel.

» Change from 2,400 ml {2,100 g} to 3,000 ml {2,600 g} initial oil charge volume.

e Change from 1 ounce {30 ml) to 2 ounce {60 ml) 25-hour interval oil sample volurnes. This
will eliminate the analyze and return sample for other analyses requirement that we
currently have to conduct kinematic viscosity analysis.

Sequence IVB prove-out test IVB100-8-62, conducted on candidate oil IVB-LFO-1, reached end of
test on Friday, 6/23/17, at 4:54pm. Completed Fe content analysis is attached. NO LOBE FAILURES
OCCURREDII I've also included data from tests IVB100-6-60 {lobe failure between 150 and 155
hours} and IVB100-7-61 {lobe failure between 160 and 165 hours) for comparison. A test report is
also attached.



Key results far prove-out test IVB100-8-62 are as follows:

e Camshaft Lobe Failure = NO

» Fe Content = 340 ppm at 200 hours

e H20 Content = 2375 ppm at 200 hours

e TAN/TBN Crossover = Between 75 and 100 hours
e QOil Consumption = 221.0 grams

My observations on the effects of the changes listed above on candidate oil IVB-LFO-1, are included
below:

e Eliminated intake camshaft lobe failures.

e Decreased intake lifter wear.

e Decreased exhaust lifter wear.

e Decreased oil consumption.

s Helped maintain oil pressure throughout the entire test.

» Decreased Fe content. .

= Based on decrease of Fe content, might have decreased liner and ring wear.
= Increased fuel dilution. | don’t have an explanation for this change.

= No change to kinematic viscosity trend.

No change to H,0 content trend.

Sequence IVB prove-out test IVB165-0-24, conducted on ASTM reference oil 300, reached end of
test on Saturday, 6/24/17, at 12:56pm. Completed oil analysis is attached. NO LOBE FAILURES
OCCURRED!! I've also included data from prior prove-out and precision matrix tests, conducted on
ASTM reference oil 300, for comparison. A test report is also attached.

Key results for prove-out test IVB165-0-24 are as follows:

e Intake lifter average volume loss w/o Talc = 1.63 mm?

* Intake lifter average volume loss w/ Talc = 1.65 mm?
e Camshaft Lobe Failure = NO

s Intake Camshaft Average Heel to Toe Wear = 1.6 pm
e Fe Content = 180 ppm at 200 hours

= H20 Content = 2186 ppm at 200 hours

e  TAN/TBN Crossover = Between 100 and 125 hours
e Oil Consumption = 117.1 grams

My observations on the effects of the changes listed above on ASTM reference oil 300, are included
below:

e Decreased intake lifter wear.
¢ Decreased exhaust lifter wear.



e Decreased oil consumption.

¢ Helped maintain oil pressure throughout the entire test.

e Decreased Fe content.

» Based on decrease of Fe content, might have decreased liner and ring wear.
*» Increased fuel dilution. | don’t have an explanation for this change.

' No change to kinematic viscosity trend.

* No change to H,0 content trend.

= TAN increase stayed about the same through 50 hours, then decreased from 50 to 200 hours.

= TBN drop-off stayed about the same through 25 hours, then decreased from 25 to 200 hours.

= TAN/TBN Crossover occurred almost 50 hours later.

» Oxidation trend stayed about the same through 100 hours, then decreased from 100 to 200
hours.

» Nitration trend stayed about the same through 50 hours, then decreased from 50 to 150
hours, then increased from 150 to 200 hours.

Sequence IVB prove-out test IVB102-0-58, conducted on ASTM reference oil 1012, reached end of
test on Sunday, 6/25/17, at 4:31am. Completed oil analysis is attached. NO LOBE FAILURES
OCCURRED!!! I've also included data from prior prove-out and precision matrix tests, conducted on
ASTM reference oil 1012, for comparison. A test report is also attached.

Key results for prove-out test IVB102-0-58 are as follows:

* Intake lifter average volume loss w/o Talc = 1.12 mm3

* Intake lifter average volume loss w/ Talc = 1.19 mm?
e Camshaft Lobe Failure = NO

» Intake Camshaft Average Heel to Toe Wear = 0.5 um
e Fe Content = 153 ppm at 200 hours

=  H20 Content = 2339 ppm at 200 hours

¢  TAN/TBN Crossover = Between 100 and 125 hours
e  Qil Consumption = 469.4 grams

My observations on the effects of the changes listed above on ASTM reference oil 1012, are
included below:

¢ Decreased intake lifter wear.

+ No change to exhaust lifter wear.

» No change 1o oil consumption.

» Helped maintain oil pressure throughout the entire test.

» Decreased Fe content.

+ Based on decrease of Fe content, might have decreased liner and ring wear.
¢ Increased fuel dilution. | don’t have an explanation for this change.

» No change to kinematic viscosity trend.

* No change to H,0 content trend.

» TAN increase stayed about the same throughout the entire test.



TBN drop-off slightly decreased throughout the entire test.
e TAN/TBN Crossover occurred approximately 25 hours later.

» Oxidation trend stayed about the same throughout the entire test.
+ Nitration trend stayed about the same throughout the entire test.

Comparing Intertek prove-out and precision matrix test results from stands 102 and 165 on ASTM
reference oils 300 and 1012, oil discrimination still exists with these changes applied. Ail data below
is average data, if multiple data points exist, or single point data from Intertek stands 102 and 165.

Pre-precision matrix
Test Conditions precis) Precision matrix Latest changes
prove-out

Qil 300

3 1.65 2.60 1.63
ILAVL, mm
Qil 1012

3 1.28 1.4 1.12
ILAVL, mm~ -
Separation

3 0.37 0.66 0.51
ILAVL, mm

| am satisfied and encouraged with the outcome of these three tests and | believe that the changes
applied to these three tests have merit in further investigating with testing at multiple labs and
possibly in combination with the addition of the OHT chamfered test intake camshaft and the

Lubrizol modified oil pan.

Regards,

William A. Buscher Il

Mobile
Office
www.intertek.com
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