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Sequence VIII Surveillance Panel Meeting Minutes
Wednesday May 3, 2023
Intertek, Port San Antonio Location
1:00 - 2:30 PM CDT

Minutes recorded by Patrick Lang
Direct any comments or corrections to: patrick.lang@swri.org

The attendance list can be found as Attachment #1.

One change was made to the membership list. Ben Maddock will replace Bob Campbell as the voting member
for Afton.

Agenda:

The agenda can be found as Attachment #2.

Minutes Approval:

Pat Lang requested approval of the following Minutes:

a. November 15, 2022, in-person
b. March 1, 2023, Virtual
c. April 17,2023, Virtual

A motion was made and approved to accept all three sets of minutes noted above. There were no objections or
requested changes.


mailto:patrick.lang@swri.org

Sequence VIII Unavailable:

Pat advised that there is no change in the status of the Sequence VIII test. It is still unavailable at this time.

Updated Summary of Test Results:

Pat went through a summary of the testing that SWRI and IAR conducted in attempts to understand the severity
issue (Attachment #3). The summary breaks the testing down into several items that have been known to
influence test severity in the past. The major items that were investigated are as follows:

1) Test Fuel (KA24E Green Fuel is the test fuel)
a. Tested Batch S-000156
b. Tested Batch S-000309
c. Tested with EEE (not a valid test fuel but a check to see if a different fuel would change results).

2) Reference Oil
a. 1006-2
b. 1006-2 retains from a point in time when reference tests were passing
c. 704-1 on pooled retains from both labs
d. 1009-1 tested at both labs

3) Crankshafts
a. Multiple different crankshafts tested at both labs

4) Connecting Rods
a. Multiple different connecting rod combinations
b. A modified rod at SWRI (not “legal” for a valid test)

5) Bearing Batches
a. Testing done on the current 06-16 bearing batch
b. Testing done on the new bearing batch, 03-22

All of the testing on the various items outlined above are consistently yielding severe and failing results. In
summary, results are consistently coming in two to four standard deviations severe based on the three oils that
have been tested. Oil 1006-2 has a standard deviation of approximately 4 milligrams so this oil is more variable
than 1009-1 and 704-1, which could help explain why it is the most severe.

After reviewing all of the testing that has been done with the panel, SWRI made the recommendation to consider
a possible industry correction factor for addressing the problem. The following comments were made:

Mike Deegan advised that he is against the use of a correction factor. He stated that the test has been unavailable
for a couple of months already and he would rather see the problem identified than use a correction factor to get
it back online.

Robert Stockwell asked the question on how often we get bearings from the Central Parts Supplier (CPD) which
is TEI in San Antonio. Both labs advised that they keep their own stock of bearings on hand that that it was
unlikely that recent delivery of bearings was a common denominator between labs. Additionally, it was reiterated
that testing was also done with the new bearing batch which are only about a year old so that would take the
aging/degradation factor out of the equation. Both bearing batches are giving the same severe results.
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Jeff Hsu asked about assembly lube. Adrian stated that EF-411 is used to assemble the engine as per the
procedure. He also made the group aware that he did an experiment where he weighed bearings and soaked them
in EF-411 for a period of time and reweighed them. This experiment did not show a bearing weight loss. Jeff
further commented that you would really need the heat and blowby from a running engine to determine if the
EF-411 was oxidizing to the point of causing a corrosive effect.

Bill Buscher reminded the group that reference oil 1006-2 was blended in 2001. Is it possible that the oil just
reached the point where it degraded due to age? Rich Grundza informed the group that the other reference oil
which is 704-1 is circa 1992.

Adrian advised that both labs compared the ICP (metals) analysis of 1006-2 on the testing that was done and there
is no indication of a change. Rich Grundza also stated that he had checked the normal quality control metrics for
the oil and did not observe any changes. Jeff Hsu cautioned that metals in the oil won’t tell you anything about
oil degradation.

Bob Campbell stated that we really don’t know if it is an aging reference oil problem or has something changed
with engine parts or engine operation. We need to determine this before we consider a correction factor.

Andy Ritchie stated that he believes that there is value in trying to bring oil 1009-1 into the system. Since the
current oils are too old and we don’t know if they are the problem, we have to get another oil in the system. The
testing that was done by IAR and SwRI on the reblend of oil 1009, which is 1009-1, showed results at around the
18 mg weight loss which is right at the upper limit of the passing range for the original blend of 1009 when it was
used in the Sequence VIII as a reference oil about 15 years ago.

Bob Campbell suggested we need to see where candidate data stands with this severity level. He asked where
candidates were performing right before the recent shift. Adrian and Pat advised that candidates were typically in
the single digit weight loss immediately prior to the failing references (very strong passes). Bob recommended
that the two independent labs look at their data base and see if there are any candidate oils that are on the higher
side but passing (around 20 mg). If so, contact the supplier and see if that oil would be available to test now and
determine if the test has shifted.

Travis mentioned that we really need to see a candidate oil around the 26 mg point which is the pass limit for
candidate tests. He would expect to see a 26 mg oil perform at around the 50 mg level if the problem is the test
and not the oil. Pat advised that it is very unusual that any candidate tests perform at the 26 mg level.

The meeting ended due to time and the need to start the follow-up meeting. Pat Lang advised that he would call
the panel together to further discuss the next steps that will be taken to solve the severity problem. The future
focus would be to consider getting 1009-1 in the referencing system as a newer reference oil using the limited
quantities of the original blend of 1009 for the tie-back. This could help us understand if we are dealing with a
reference oil degradation problem.

Adjournment: The meeting was adjourned at 2:40 PM CDT.
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Agenda



10.

. Welcome

Attendance/Membership Changes

. Approval of Minutes: The following minutes have been posted to TMC

website and need approval:
a. November 15, 2022, in-person
b. March 1, 2023, Virtual
c. April 17,2023, Virtual

CPD Report from TEI (Dan Lanctot)

. Fuel Report (Haltermann)

a. Current fuel inventory level
b. Advise on any potential issues or concerns with future supply

TMC Report (Rich Grundza)
a. Current LTMS Status
b. Reference oil inventory levels

Sequence VIII Test is unavailable and under provisional licensing
a. Update on testing results to date (Pat Lang)
b. Recommendation to get test back on-line (Travis Kostan)

. Old Business

a. Procure a more-current technology reference oil

Next Meeting will be at the call of the chairman

Adjournment

A2-1
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Sequence VIl Severity
Issue Chronology

SOUTHWEST RESEARCH INSTITUTE®

5/3/2023

FUELS & LUBRICANTS RESEARCH 1

swri.org



Metrics

" Fuel

= Oil

* Crankshaft

= Connecting Rod

= Bearing Batches

A3-2 FUELS & LUBRICANTS RESEARCH

swri.org

©SOUTHWEST RESEARCH INSTITUTE



Fuel

= SWRI

— Tried different fuel batches using 1006-2 reference oil
 KA24E Green
S-000156 (Sourced from Lubrizol)
S-000309

Fuel Batch Bearing Weight Loss Average

S-000309 34.9 (multiple tests see next slide)
S-000156 (Sourced from Lubrizol) 35.9 (one test)

FUELS & LUBRICANTS RESEARCH

swri.org



Fuel

SwWRI Fuel Results using oil 1006-2

Run # Fuel Batch BWL Comment
52-5186-0-134 S-000309 37.3
52-5186-0-134A S-000309 42.8
52-5186-0-134B S-000309 36.5
52-5186-0-134C S-000309 27.9 oL
51-152A-0-573 S-000309 28.3 32
51-152A-SWRI1 5-000309 33 S
52-5186-0-134D S-000309 32.5 ik
51-152A-0-574 S-000309 37.7
52-5S186-1-SWRI1 S-000309 36.2
52-5186-0-134E S-000309 36.7
51-152A-0-573A S-000156 35.9 S-000156 Sourced from Lubrizol

Note: Historical Average for 1006-2
BWL: 17.5 STDev: 4.23 Upper Passing Limit: 25.79

A3-4 FUELS & LUBRICANTS RESEARCH

©SOUTHWEST RESEARCH INSTITUTE

swri.org



SWRI Severity

		Stand		Test #		EOT Date		Bearing Batch		Fuel Batch		Oil		BWL Top (mg)		BWL Bottom (mg)		BWL Total (mg)		Comments

		52		52-S186-0-134		15-Dec-22		06-16		S-000309		1006-2		13.5		14.8		28.3		First failed reference on stand 52

		52		52-S186-0-134A		22-Dec-22		06-16		S-000309		1006-2		19.2		23.6		42.8		Replaced oil filter

		52		52-S186-0-134B		1-Jan-23		06-16		S-000309		1006-2		15.8		20.7		36.5		Changed Connecting rod, and crankshaft. 

		52		52-S186-0-134C		8-Jan-23		06-16		S-000309		1006-2		12.8		15.1		27.9		Tried different connecting rod, same crankshaft as 134B

		51		51-152A-0-573		14-Jan-23		06-16		S-000309		1006-2		12.8		15.5		28.3		First failed reference on Stand 51

		51		51-152A-SWRI1		23-Jan-23		06-16		S-000309		1006-2		16.1		16.9		33.0		In house reference, tried an older blend of 1006-2 using retains

		52		52-S186-0-134D		29-Jan-23		06-16		S-000309		1006-2		13.6		18.9		32.5		Switched back to original crankshaft and rod

		51		51-152A-0-574		3-Feb-23		03-22		S-000309		1006-2		17.5		20.2		37.7		Tried new 03-22 bearing batch

		52		52-S186-1-SWRI1		11-Mar-23		06-16		S-000309		1006-2		12.2		24		36.2		Modified Rod, better location and bored out

		52		52-S186-0-134E		26-Mar-23		06-16		S-000309		1006-2		17.8		18.9		36.7		Existing "good" measuring rod

		51		51-152A-0-573A		1-Apr-23		06-16		S-000156		1006-2		18		17.9		35.9		Older fuel batch from Lubrizol

		52		52-S186-1-RR1		3-Apr-23		06-16		S-000309		1006-2		7.8		7.5		15.3		Pinned rod, bored out, and honed to specifications

		52		52-S186-2-RR2		9-Apr-23		06-16		S-000309		1006-2		10.3		11.1		21.4		Second run on Pinned rod

		51		51-152A-0-RR3		13-Apr-23		06-16		S-000309		1009-1		9		8.4		17.4		1009-1 Oil from VH

		Run #		Oil		BWL		Average

		52-S186-0-134		1006-2		28.3		33.6		33.6125

		52-S186-0-134A		1006-2		42.8

		52-S186-0-134B		1006-2		36.5

		52-S186-0-134C		1006-2		27.9

		51-152A-0-573		1006-2		28.3

		52-S186-0-134D		1006-2		32.5

		52-S186-0-134E		1006-2		36.7

		51-152A-0-573A		1006-2		35.9

		51-152A-SWRI1		1006-2 retains from last passed reference		33		33

		51-152A-0-RR3		1009-1		17.4		17.4

		Run #		Crankshaft		BWL

		52-S186-0-134		Original Crankshaft		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New Crankshaft / Connecting rod		36.5

		52-S186-0-134C		Same Crankshaft / New Connecting rod		27.9

		52-S186-0-134D		Original Crankshaft / Connecting rod		32.5

		Run #		Connecting rod		BWL

		52-S186-0-134		Original connecting rod		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New connecting rod		36.5

		52-S186-0-134C		Different, existing connecting rod		27.9

		52-S186-0-134D		Original connecting rod		32.5

		52-S186-1-SWRI1		First modified rod		36.2

		52-S186-0-134E		Existing "good" measuring rod		36.7

		52-S186-1-RR1		Second modified rod using pins for location		15.3

		52-S186-2-RR2				21.4

		Run #		Bearing Batch		Fuel		BWL		Average

		52-S186-0-134		06-16		S-000309		28.3		33.5

		52-S186-0-134A		06-16		S-000309		42.8

		52-S186-0-134B		06-16		S-000309		36.5

		52-S186-0-134C		06-16		S-000309		27.9

		51-152A-0-573		06-16		S-000309		28.3

		51-152A-SWRI1		06-16		S-000309		33.0

		52-S186-0-134D		06-16		S-000309		32.5

		52-S186-0-134E		06-16		S-000309		36.7

		51-152A-0-573A		06-16		S-000156		35.9

		51-152A-0-574		03-22		S-000309		37.7		37.7







		Run #		Fuel Batch		BWL		Comment

		52-S186-0-134		S-000309		37.3		S-000309

		52-S186-0-134A		S-000309		42.8

		52-S186-0-134B		S-000309		36.5

		52-S186-0-134C		S-000309		27.9

		51-152A-0-573		S-000309		28.3

		51-152A-SWRI1		S-000309		33

		52-S186-0-134D		S-000309		32.5

		51-152A-0-574		S-000309		37.7

		52-S186-1-SWRI1		S-000309		36.2

		52-S186-0-134E		S-000309		36.7

		51-152A-0-573A		S-000156		35.9		S-000156 Sourced from Lubrizol

		34.89





IAR Severity

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		16-Jun		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		16-Jun		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		16-Jun		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		16-Jun		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		16-Jun		S-000309		1006-2		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		16-Jun		S-000309		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		16-Jun		S-000309		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		16-Jun		S-000309		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.









		Test Number		Oil Code		Bearing		Fuel		BWL

		1-252-0-579BSHKDWN		Decoded 1006-2 CMIR-177481		03-22		KA24E		24.8

		1-252-0-579CSHKDWN		Decoded 1006-2 CMIR- 175473				S-000309		35.3

		2-238-0-206FSHKDWN		Decoded 1006-2 CMIR- 177480						34.9

		32.125

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.13

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



						1009-1		18.7		18.7

				Run #		Bearing Batch		Fuel		BWL		Average

				2-238-0-206		06-16		S-000156		27.6		30.9

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000309		34.9

				2-238-0-206CSHKDWN		06-16		S-000309		36.9

				1-252-0-579ASHKDWN		06-16		S-000309		29.5



				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9

				Run #		Fuel Batch		Bearing Weight Loss		Comment

				2-238-0-206		S-000156		27.6		Original S-000156

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid-test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 Batch

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000309		34.9

				2-238-0-206CSHKDWN		S-000309		36.9

				1-252-0-579ASHKDWN		S-000309		29.5

				1-252-0-579BSHKDWN		S-000309		24.8

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9
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		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		06-16		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		06-16		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		06-16		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		06-16		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		06-16		S-000309		1006-1		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		06-16		S-000156		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		06-16		S-000156		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		06-16		S-000156		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.

		2		2-238-0-206DSHKDWN		3/15/23		06-16		EEE		1006-2		36.9		Remove the fuel completely by running a non-KA24E fuel

		1		1-252-0-579BSHKDWN		3/22/23		03-22		S-000309		1006-2		24.8		Better result

		1		1-252-0-579CSHKDWN		3/25/23		03-22		S-000309		1006-2		35.3		Tried to repeat the better result on the same engine/stand and failed

		2		2-238-0-206FSHKDWN		3/29/23		03-22		S-000309		1006-2		34.9		Tried to repeat the better result on a different engine/stand and failed

		1		1-252-0-579ESHKDWN		4/8/23		06-16		S-000309		1009-1		18.7		Run on RO 1009-1

		Fuel

				Run #		Fuel Batch		BWL 		Comment

				2-238-0-206		S-000156		27.6		Original S-000156				32.225

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 batch				31.14

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000156		34.9		S-000156 batch

				2-238-0-206CSHKDWN		S-000156		36.9

				1-252-0-579ASHKDWN		S-000156		29.5

				2-238-0-206DSHKDWN		EEE		36.9		Ran non-KA24E fuel

				1-252-0-579BSHKDWN		S-000309		24.8		S-000309 batch

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9

		Oil

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.7

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				2-238-0-206DSHKDWN		1006-2		36.9

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9

				2-238-0-206ASHKDWN		704-1		12.5		12.5

				1-252-0-579ESHKDWN		1009-1		18.7		18.7





		Bearing Batches

				Run #		Bearing Batch		Fuel Batch		BWL 		Average

				2-238-0-206		06-16		S-000156		27.6		31.6

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000156		34.9

				2-238-0-206CSHKDWN		06-16		S-000156		36.9

				1-252-0-579ASHKDWN		06-16		S-000156		29.5

				2-238-0-206DSHKDWN		06-16		EEE		36.9

				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9











Summary

		Critical Components that we have checked		Comments

		Crankshafts		SWRI has changed Crankshafts on stand 52, then reverted to the first crankshaft

		Connecting Rods		SWRI has changed connecting rods on stand 52 three times.

		Fuel		Intertek's first failed reference was on the old fuel batch, and the next reference, the fuel was changed to the new batch midway through.

		Bearing Batch		SWRI has run all tests on the 06-16 bearing batch until the last reference, where the 03-22 batch was used.

		Test stands		Between Intertek and SWRI all four test stands are failing severely, with similar results.

		Labs		Both SWRI and Intertek are seeing similar results between the two labs

		Reference Oils		SWRI has tried using an old blend of 1006-2 from retains, and Intertek has tried using an old batch of 704-1 from retains

		Ambient Temperature		Intertek has tried keeping the stand ambient temperature hot, to mimic summer conditions, since the last successful reference was in the summer.






Fuel

= |JAR

— Tried different fuel batches using 1006-2 reference oil

 KA24E Green
S-000156
S-000156 - S-000309
S-000309
EEE

Fuel Batch Bearing Weight Loss Average

S-000156

$-000156 - S-000309
S-000309

EEE

32.2
26.7
31.1
36.9
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Fuel

|IAR Fuel Results using oil 1006-2

Run # Fuel Batch BWL Comment
2-238-0-206 S-000156 27.6 Original S-000156
2-238-0-206A S-000156/S-000309 26.7  Switched fuels mid test
2-238-0-206SHKDWN S-000309 31.5 5-000309 batch
1-252-0-579SHKDWN S-000309 29.2
2-238-0-206BSHKDWN S-000156 34.9
2-238-0-206CSHKDWN S-000156 36.9 S-000156 batch
1-252-0-579ASHKDWN S-000156 29.5
2-238-0-206DSHKDWN EEE 36.9 Ran non-KA24E fuel
1-252-0-579BSHKDWN S-000309 24.8
1-252-0-579CSHKDWN S-000309 35.3 S-000309 batch
2-238-0-206FSHKDWN S-000309 34.9

Note: Historical Average for 1006-2
BWL: 17.5 STDev: 4.23 Upper Passing Limit: 25.79
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SWRI Severity

		Stand		Test #		EOT Date		Bearing Batch		Fuel Batch		Oil		BWL Top (mg)		BWL Bottom (mg)		BWL Total (mg)		Comments

		52		52-S186-0-134		15-Dec-22		06-16		S-000309		1006-2		13.5		14.8		28.3		First failed reference on stand 52

		52		52-S186-0-134A		22-Dec-22		06-16		S-000309		1006-2		19.2		23.6		42.8		Replaced oil filter

		52		52-S186-0-134B		1-Jan-23		06-16		S-000309		1006-2		15.8		20.7		36.5		Changed Connecting rod, and crankshaft. 

		52		52-S186-0-134C		8-Jan-23		06-16		S-000309		1006-2		12.8		15.1		27.9		Tried different connecting rod, same crankshaft as 134B

		51		51-152A-0-573		14-Jan-23		06-16		S-000309		1006-2		12.8		15.5		28.3		First failed reference on Stand 51

		51		51-152A-SWRI1		23-Jan-23		06-16		S-000309		1006-2		16.1		16.9		33.0		In house reference, tried an older blend of 1006-2 using retains

		52		52-S186-0-134D		29-Jan-23		06-16		S-000309		1006-2		13.6		18.9		32.5		Switched back to original crankshaft and rod

		51		51-152A-0-574		3-Feb-23		03-22		S-000309		1006-2		17.5		20.2		37.7		Tried new 03-22 bearing batch

		52		52-S186-1-SWRI1		11-Mar-23		06-16		S-000309		1006-2		12.2		24		36.2		Modified Rod, better location and bored out

		52		52-S186-0-134E		26-Mar-23		06-16		S-000309		1006-2		17.8		18.9		36.7		Existing "good" measuring rod

		51		51-152A-0-573A		1-Apr-23		06-16		S-000156		1006-2		18		17.9		35.9		Older fuel batch from Lubrizol

		52		52-S186-1-RR1		3-Apr-23		06-16		S-000309		1006-2		7.8		7.5		15.3		Pinned rod, bored out, and honed to specifications

		52		52-S186-2-RR2		9-Apr-23		06-16		S-000309		1006-2		10.3		11.1		21.4		Second run on Pinned rod

		51		51-152A-0-RR3		13-Apr-23		06-16		S-000309		1009-1		9		8.4		17.4		1009-1 Oil from VH

		Run #		Oil		BWL		Average

		52-S186-0-134		1006-2		28.3		33.6		33.6125

		52-S186-0-134A		1006-2		42.8

		52-S186-0-134B		1006-2		36.5

		52-S186-0-134C		1006-2		27.9

		51-152A-0-573		1006-2		28.3

		52-S186-0-134D		1006-2		32.5

		52-S186-0-134E		1006-2		36.7

		51-152A-0-573A		1006-2		35.9

		51-152A-SWRI1		1006-2 retains from last passed reference		33		33

		51-152A-0-RR3		1009-1		17.4		17.4

		Run #		Crankshaft		BWL

		52-S186-0-134		Original Crankshaft		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New Crankshaft / Connecting rod		36.5

		52-S186-0-134C		Same Crankshaft / New Connecting rod		27.9

		52-S186-0-134D		Original Crankshaft / Connecting rod		32.5

		Run #		Connecting rod		BWL

		52-S186-0-134		Original connecting rod		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New connecting rod		36.5

		52-S186-0-134C		Different, existing connecting rod		27.9

		52-S186-0-134D		Original connecting rod		32.5

		52-S186-1-SWRI1		First modified rod		36.2

		52-S186-0-134E		Existing "good" measuring rod		36.7

		52-S186-1-RR1		Second modified rod using pins for location		15.3

		52-S186-2-RR2				21.4

		Run #		Bearing Batch		Fuel		BWL		Average

		52-S186-0-134		06-16		S-000309		28.3		33.5

		52-S186-0-134A		06-16		S-000309		42.8

		52-S186-0-134B		06-16		S-000309		36.5

		52-S186-0-134C		06-16		S-000309		27.9

		51-152A-0-573		06-16		S-000309		28.3

		51-152A-SWRI1		06-16		S-000309		33.0

		52-S186-0-134D		06-16		S-000309		32.5

		52-S186-0-134E		06-16		S-000309		36.7

		51-152A-0-573A		06-16		S-000156		35.9



		51-152A-0-574		03-22		S-000309		37.7		37.7





		Run #		Fuel Batch		BWL		Comment

		52-S186-0-134		S-000309		37.3		S-000309

		52-S186-0-134A		S-000309		42.8

		52-S186-0-134B		S-000309		36.5

		52-S186-0-134C		S-000309		27.9

		51-152A-0-573		S-000309		28.3

		51-152A-SWRI1		S-000309		33

		52-S186-0-134D		S-000309		32.5

		51-152A-0-574		S-000309		37.7

		52-S186-1-SWRI1		S-000309		36.2

		52-S186-0-134E		S-000309		36.7

		51-152A-0-573A		S-000156		35.9		S-000156 Sourced from Lubrizol

		34.89





IAR Severity

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		16-Jun		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		16-Jun		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		16-Jun		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		16-Jun		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		16-Jun		S-000309		1006-2		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		16-Jun		S-000309		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		16-Jun		S-000309		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		16-Jun		S-000309		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.









		Test Number		Oil Code		Bearing		Fuel		BWL

		1-252-0-579BSHKDWN		Decoded 1006-2 CMIR-177481		03-22		KA24E		24.8

		1-252-0-579CSHKDWN		Decoded 1006-2 CMIR- 175473				S-000309		35.3

		2-238-0-206FSHKDWN		Decoded 1006-2 CMIR- 177480						34.9

		32.125

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.13

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



						1009-1		18.7		18.7

				Run #		Bearing Batch		Fuel		BWL		Average

				2-238-0-206		06-16		S-000156		27.6		30.9

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000309		34.9

				2-238-0-206CSHKDWN		06-16		S-000309		36.9

				1-252-0-579ASHKDWN		06-16		S-000309		29.5



				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9

				Run #		Fuel Batch		Bearing Weight Loss		Comment

				2-238-0-206		S-000156		27.6		Original S-000156

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid-test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 Batch

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000309		34.9

				2-238-0-206CSHKDWN		S-000309		36.9

				1-252-0-579ASHKDWN		S-000309		29.5

				1-252-0-579BSHKDWN		S-000309		24.8

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9





Sheet1

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		06-16		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		06-16		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		06-16		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		06-16		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		06-16		S-000309		1006-1		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		06-16		S-000156		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		06-16		S-000156		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		06-16		S-000156		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.

		2		2-238-0-206DSHKDWN		3/15/23		06-16		EEE		1006-2		36.9		Remove the fuel completely by running a non-KA24E fuel

		1		1-252-0-579BSHKDWN		3/22/23		03-22		S-000309		1006-2		24.8		Better result

		1		1-252-0-579CSHKDWN		3/25/23		03-22		S-000309		1006-2		35.3		Tried to repeat the better result on the same engine/stand and failed

		2		2-238-0-206FSHKDWN		3/29/23		03-22		S-000309		1006-2		34.9		Tried to repeat the better result on a different engine/stand and failed

		1		1-252-0-579ESHKDWN		4/8/23		06-16		S-000309		1009-1		18.7		Run on RO 1009-1

		Fuel

				Run #		Fuel Batch		BWL 		Comment

				2-238-0-206		S-000156		27.6		Original S-000156				32.225

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 batch				31.14

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000156		34.9		S-000156 batch

				2-238-0-206CSHKDWN		S-000156		36.9

				1-252-0-579ASHKDWN		S-000156		29.5

				2-238-0-206DSHKDWN		EEE		36.9		Ran non-KA24E fuel

				1-252-0-579BSHKDWN		S-000309		24.8		S-000309 batch

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9

		Oil

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.7

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				2-238-0-206DSHKDWN		1006-2		36.9

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



				1-252-0-579ESHKDWN		1009-1		18.7		18.7

		Bearing Batches

				Run #		Bearing Batch		Fuel Batch		BWL 		Average

				2-238-0-206		06-16		S-000156		27.6		31.65

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000156		34.9

				2-238-0-206CSHKDWN		06-16		S-000156		36.9

				1-252-0-579ASHKDWN		06-16		S-000156		29.5

				2-238-0-206DSHKDWN		06-16		EEE		36.9



				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.6666666667

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9









Summary

		Critical Components that we have checked		Comments

		Crankshafts		SWRI has changed Crankshafts on stand 52, then reverted to the first crankshaft

		Connecting Rods		SWRI has changed connecting rods on stand 52 three times.

		Fuel		Intertek's first failed reference was on the old fuel batch, and the next reference, the fuel was changed to the new batch midway through.

		Bearing Batch		SWRI has run all tests on the 06-16 bearing batch until the last reference, where the 03-22 batch was used.

		Test stands		Between Intertek and SWRI all four test stands are failing severely, with similar results.

		Labs		Both SWRI and Intertek are seeing similar results between the two labs

		Reference Oils		SWRI has tried using an old blend of 1006-2 from retains, and Intertek has tried using an old batch of 704-1 from retains

		Ambient Temperature		Intertek has tried keeping the stand ambient temperature hot, to mimic summer conditions, since the last successful reference was in the summer.






Oil

= SwRI
— 1006-2
— 1006-2 retains from last passed reference
— 1009-1
= |JAR
— 1006-2
— 704-1 retains
— 1006-2 retains
— 1009-1
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Oil

= SwRI Results from Ol

Run # Oil BWL Average

52-5186-0-134 1006-2 28.3
52-5186-0-134A 1006-2 42.8
52-5186-0-134B 1006-2 36.5
52-5186-0-134C 1006-2 27.9 33.6
51-152A-0-573 1006-2 28.3
52-5186-0-134D 1006-2 32.5
52-5186-0-134E 1006-2 36.7
51-152A-0-573A 1006-2 35.9
51-152A-SWRI1 1006-2 retains from last passed reference 33 33
51-152A-0-RR3 1009-1 17.4 17.4

Note: 1009 Historical Average
BWL: 13.8 STDev: 2.14 Upper Passing Limit: 17.99
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SWRI Severity

		Stand		Test #		EOT Date		Bearing Batch		Fuel Batch		Oil		BWL Top (mg)		BWL Bottom (mg)		BWL Total (mg)		Comments

		52		52-S186-0-134		15-Dec-22		06-16		S-000309		1006-2		13.5		14.8		28.3		First failed reference on stand 52

		52		52-S186-0-134A		22-Dec-22		06-16		S-000309		1006-2		19.2		23.6		42.8		Replaced oil filter

		52		52-S186-0-134B		1-Jan-23		06-16		S-000309		1006-2		15.8		20.7		36.5		Changed Connecting rod, and crankshaft. 

		52		52-S186-0-134C		8-Jan-23		06-16		S-000309		1006-2		12.8		15.1		27.9		Tried different connecting rod, same crankshaft as 134B

		51		51-152A-0-573		14-Jan-23		06-16		S-000309		1006-2		12.8		15.5		28.3		First failed reference on Stand 51

		51		51-152A-SWRI1		23-Jan-23		06-16		S-000309		1006-2		16.1		16.9		33.0		In house reference, tried an older blend of 1006-2 using retains

		52		52-S186-0-134D		29-Jan-23		06-16		S-000309		1006-2		13.6		18.9		32.5		Switched back to original crankshaft and rod

		51		51-152A-0-574		3-Feb-23		03-22		S-000309		1006-2		17.5		20.2		37.7		Tried new 03-22 bearing batch

		52		52-S186-1-SWRI1		11-Mar-23		06-16		S-000309		1006-2		12.2		24		36.2		Modified Rod, better location and bored out

		52		52-S186-0-134E		26-Mar-23		06-16		S-000309		1006-2		17.8		18.9		36.7		Existing "good" measuring rod

		51		51-152A-0-573A		1-Apr-23		06-16		S-000156		1006-2		18		17.9		35.9		Older fuel batch from Lubrizol

		52		52-S186-1-RR1		3-Apr-23		06-16		S-000309		1006-2		7.8		7.5		15.3		Pinned rod, bored out, and honed to specifications

		52		52-S186-2-RR2		9-Apr-23		06-16		S-000309		1006-2		10.3		11.1		21.4		Second run on Pinned rod

		51		51-152A-0-RR3		13-Apr-23		06-16		S-000309		1009-1		9		8.4		17.4		1009-1 Oil from VH

		Run #		Oil		BWL		Average

		52-S186-0-134		1006-2		28.3		33.6		33.6125

		52-S186-0-134A		1006-2		42.8

		52-S186-0-134B		1006-2		36.5

		52-S186-0-134C		1006-2		27.9

		51-152A-0-573		1006-2		28.3

		52-S186-0-134D		1006-2		32.5

		52-S186-0-134E		1006-2		36.7

		51-152A-0-573A		1006-2		35.9

		51-152A-SWRI1		1006-2 retains from last passed reference		33		33

		51-152A-0-RR3		1009-1		17.4		17.4

		Run #		Crankshaft		BWL

		52-S186-0-134		Original Crankshaft		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New Crankshaft / Connecting rod		36.5

		52-S186-0-134C		Same Crankshaft / New Connecting rod		27.9

		52-S186-0-134D		Original Crankshaft / Connecting rod		32.5

		Run #		Connecting rod		BWL

		52-S186-0-134		Original connecting rod		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New connecting rod		36.5

		52-S186-0-134C		Different, existing connecting rod		27.9

		52-S186-0-134D		Original connecting rod		32.5

		52-S186-1-SWRI1		First modified rod		36.2

		52-S186-0-134E		Existing "good" measuring rod		36.7

		52-S186-1-RR1		Second modified rod using pins for location		15.3

		52-S186-2-RR2				21.4

		Run #		Bearing Batch		Fuel		BWL		Average

		52-S186-0-134		06-16		S-000309		28.3		33.5

		52-S186-0-134A		06-16		S-000309		42.8

		52-S186-0-134B		06-16		S-000309		36.5

		52-S186-0-134C		06-16		S-000309		27.9

		51-152A-0-573		06-16		S-000309		28.3

		51-152A-SWRI1		06-16		S-000309		33.0

		52-S186-0-134D		06-16		S-000309		32.5

		52-S186-0-134E		06-16		S-000309		36.7

		51-152A-0-573A		06-16		S-000156		35.9

		51-152A-0-574		03-22		S-000309		37.7		37.7







		Run #		Fuel Batch		BWL		Comment

		52-S186-0-134		S-000309		37.3		S-000309

		52-S186-0-134A		S-000309		42.8

		52-S186-0-134B		S-000309		36.5

		52-S186-0-134C		S-000309		27.9

		51-152A-0-573		S-000309		28.3

		51-152A-SWRI1		S-000309		33

		52-S186-0-134D		S-000309		32.5

		51-152A-0-574		S-000309		37.7

		52-S186-1-SWRI1		S-000309		36.2

		52-S186-0-134E		S-000309		36.7

		51-152A-0-573A		S-000156		35.9		S-000156 Sourced from Lubrizol

		34.89





IAR Severity

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		16-Jun		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		16-Jun		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		16-Jun		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		16-Jun		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		16-Jun		S-000309		1006-2		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		16-Jun		S-000309		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		16-Jun		S-000309		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		16-Jun		S-000309		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.









		Test Number		Oil Code		Bearing		Fuel		BWL

		1-252-0-579BSHKDWN		Decoded 1006-2 CMIR-177481		03-22		KA24E		24.8

		1-252-0-579CSHKDWN		Decoded 1006-2 CMIR- 175473				S-000309		35.3

		2-238-0-206FSHKDWN		Decoded 1006-2 CMIR- 177480						34.9

		32.125

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.13

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



						1009-1		18.7		18.7

				Run #		Bearing Batch		Fuel		BWL		Average

				2-238-0-206		06-16		S-000156		27.6		30.9

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000309		34.9

				2-238-0-206CSHKDWN		06-16		S-000309		36.9

				1-252-0-579ASHKDWN		06-16		S-000309		29.5



				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9

				Run #		Fuel Batch		Bearing Weight Loss		Comment

				2-238-0-206		S-000156		27.6		Original S-000156

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid-test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 Batch

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000309		34.9

				2-238-0-206CSHKDWN		S-000309		36.9

				1-252-0-579ASHKDWN		S-000309		29.5

				1-252-0-579BSHKDWN		S-000309		24.8

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9





Sheet1

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		06-16		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		06-16		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		06-16		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		06-16		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		06-16		S-000309		1006-1		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		06-16		S-000156		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		06-16		S-000156		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		06-16		S-000156		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.

		2		2-238-0-206DSHKDWN		3/15/23		06-16		EEE		1006-2		36.9		Remove the fuel completely by running a non-KA24E fuel

		1		1-252-0-579BSHKDWN		3/22/23		03-22		S-000309		1006-2		24.8		Better result

		1		1-252-0-579CSHKDWN		3/25/23		03-22		S-000309		1006-2		35.3		Tried to repeat the better result on the same engine/stand and failed

		2		2-238-0-206FSHKDWN		3/29/23		03-22		S-000309		1006-2		34.9		Tried to repeat the better result on a different engine/stand and failed

		1		1-252-0-579ESHKDWN		4/8/23		06-16		S-000309		1009-1		18.7		Run on RO 1009-1

		Fuel

				Run #		Fuel Batch		BWL 		Comment

				2-238-0-206		S-000156		27.6		Original S-000156				32.225

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 batch				31.14

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000156		34.9		S-000156 batch

				2-238-0-206CSHKDWN		S-000156		36.9

				1-252-0-579ASHKDWN		S-000156		29.5

				2-238-0-206DSHKDWN		EEE		36.9		Ran non-KA24E fuel

				1-252-0-579BSHKDWN		S-000309		24.8		S-000309 batch

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9

		Oil

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.7

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				2-238-0-206DSHKDWN		1006-2		36.9

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9

				2-238-0-206ASHKDWN		704-1		12.5		12.5

				1-252-0-579ESHKDWN		1009-1		18.7		18.7





		Bearing Batches

				Run #		Bearing Batch		Fuel Batch		BWL 		Average

				2-238-0-206		06-16		S-000156		27.6		31.6

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000156		34.9

				2-238-0-206CSHKDWN		06-16		S-000156		36.9

				1-252-0-579ASHKDWN		06-16		S-000156		29.5

				2-238-0-206DSHKDWN		06-16		EEE		36.9

				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9











Summary

		Critical Components that we have checked		Comments

		Crankshafts		SWRI has changed Crankshafts on stand 52, then reverted to the first crankshaft

		Connecting Rods		SWRI has changed connecting rods on stand 52 three times.

		Fuel		Intertek's first failed reference was on the old fuel batch, and the next reference, the fuel was changed to the new batch midway through.

		Bearing Batch		SWRI has run all tests on the 06-16 bearing batch until the last reference, where the 03-22 batch was used.

		Test stands		Between Intertek and SWRI all four test stands are failing severely, with similar results.

		Labs		Both SWRI and Intertek are seeing similar results between the two labs

		Reference Oils		SWRI has tried using an old blend of 1006-2 from retains, and Intertek has tried using an old batch of 704-1 from retains

		Ambient Temperature		Intertek has tried keeping the stand ambient temperature hot, to mimic summer conditions, since the last successful reference was in the summer.






Oil

= |AR Results from QOil

Run # Oil BWL Average

2-238-0-206 1006-2 27.6
2-238-0-206A 1006-2 26.7
2-238-0-206SHKDWN 1006-2 31.5
1-252-0-579SHKDWN 1006-2 29.2
2-238-0-206BSHKDWN 1006-2 34.9

2-238-0-206CSHKDWN 1006-2 36.9 31.7
1-252-0-579ASHKDWN 1006-2 29.5
2-238-0-206DSHKDWN 1006-2 36.9
1-252-0-579BSHKDWN 1006-2 24.8
1-252-0-579CSHKDWN 1006-2 35.3
2-238-0-206FSHKDWN 1006-2 34.9

2-238-0-206ASHKDWN 704-1 12.5 12.5

1-252-0-579ESHKDWN 1009-1 18.7 18.7

Note: 704-1 Historical Average
BWL: 8.3 STDev:2.32 Upper Passing Limit: 12.85

Note: 1009 Historical Average
BWL: 13.8 STDev: 2.14 Upper Passing Limit: 17.99
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SWRI Severity

		Stand		Test #		EOT Date		Bearing Batch		Fuel Batch		Oil		BWL Top (mg)		BWL Bottom (mg)		BWL Total (mg)		Comments

		52		52-S186-0-134		15-Dec-22		06-16		S-000309		1006-2		13.5		14.8		28.3		First failed reference on stand 52

		52		52-S186-0-134A		22-Dec-22		06-16		S-000309		1006-2		19.2		23.6		42.8		Replaced oil filter

		52		52-S186-0-134B		1-Jan-23		06-16		S-000309		1006-2		15.8		20.7		36.5		Changed Connecting rod, and crankshaft. 

		52		52-S186-0-134C		8-Jan-23		06-16		S-000309		1006-2		12.8		15.1		27.9		Tried different connecting rod, same crankshaft as 134B

		51		51-152A-0-573		14-Jan-23		06-16		S-000309		1006-2		12.8		15.5		28.3		First failed reference on Stand 51

		51		51-152A-SWRI1		23-Jan-23		06-16		S-000309		1006-2		16.1		16.9		33.0		In house reference, tried an older blend of 1006-2 using retains

		52		52-S186-0-134D		29-Jan-23		06-16		S-000309		1006-2		13.6		18.9		32.5		Switched back to original crankshaft and rod

		51		51-152A-0-574		3-Feb-23		03-22		S-000309		1006-2		17.5		20.2		37.7		Tried new 03-22 bearing batch

		52		52-S186-1-SWRI1		11-Mar-23		06-16		S-000309		1006-2		12.2		24		36.2		Modified Rod, better location and bored out

		52		52-S186-0-134E		26-Mar-23		06-16		S-000309		1006-2		17.8		18.9		36.7		Existing "good" measuring rod

		51		51-152A-0-573A		1-Apr-23		06-16		S-000156		1006-2		18		17.9		35.9		Older fuel batch from Lubrizol

		52		52-S186-1-RR1		3-Apr-23		06-16		S-000309		1006-2		7.8		7.5		15.3		Pinned rod, bored out, and honed to specifications

		52		52-S186-2-RR2		9-Apr-23		06-16		S-000309		1006-2		10.3		11.1		21.4		Second run on Pinned rod

		51		51-152A-0-RR3		13-Apr-23		06-16		S-000309		1009-1		9		8.4		17.4		1009-1 Oil from VH

		Run #		Oil		BWL		Average

		52-S186-0-134		1006-2		28.3		33.6		33.6125

		52-S186-0-134A		1006-2		42.8

		52-S186-0-134B		1006-2		36.5

		52-S186-0-134C		1006-2		27.9

		51-152A-0-573		1006-2		28.3

		52-S186-0-134D		1006-2		32.5

		52-S186-0-134E		1006-2		36.7

		51-152A-0-573A		1006-2		35.9

		51-152A-SWRI1		1006-2 retains from last passed reference		33		33

		51-152A-0-RR3		1009-1		17.4		17.4

		Run #		Crankshaft		BWL

		52-S186-0-134		Original Crankshaft		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New Crankshaft / Connecting rod		36.5

		52-S186-0-134C		Same Crankshaft / New Connecting rod		27.9

		52-S186-0-134D		Original Crankshaft / Connecting rod		32.5

		Run #		Connecting rod		BWL

		52-S186-0-134		Original connecting rod		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New connecting rod		36.5

		52-S186-0-134C		Different, existing connecting rod		27.9

		52-S186-0-134D		Original connecting rod		32.5

		52-S186-1-SWRI1		First modified rod		36.2

		52-S186-0-134E		Existing "good" measuring rod		36.7

		52-S186-1-RR1		Second modified rod using pins for location		15.3

		52-S186-2-RR2				21.4

		Run #		Bearing Batch		Fuel		BWL		Average

		52-S186-0-134		06-16		S-000309		28.3		33.5

		52-S186-0-134A		06-16		S-000309		42.8

		52-S186-0-134B		06-16		S-000309		36.5

		52-S186-0-134C		06-16		S-000309		27.9

		51-152A-0-573		06-16		S-000309		28.3

		51-152A-SWRI1		06-16		S-000309		33.0

		52-S186-0-134D		06-16		S-000309		32.5

		52-S186-0-134E		06-16		S-000309		36.7

		51-152A-0-573A		06-16		S-000156		35.9

		51-152A-0-574		03-22		S-000309		37.7		37.7







		Run #		Fuel Batch		BWL		Comment

		52-S186-0-134		S-000309		37.3		S-000309

		52-S186-0-134A		S-000309		42.8

		52-S186-0-134B		S-000309		36.5

		52-S186-0-134C		S-000309		27.9

		51-152A-0-573		S-000309		28.3

		51-152A-SWRI1		S-000309		33

		52-S186-0-134D		S-000309		32.5

		51-152A-0-574		S-000309		37.7

		52-S186-1-SWRI1		S-000309		36.2

		52-S186-0-134E		S-000309		36.7

		51-152A-0-573A		S-000156		35.9		S-000156 Sourced from Lubrizol

		34.89





IAR Severity

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		16-Jun		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		16-Jun		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		16-Jun		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		16-Jun		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		16-Jun		S-000309		1006-2		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		16-Jun		S-000309		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		16-Jun		S-000309		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		16-Jun		S-000309		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.









		Test Number		Oil Code		Bearing		Fuel		BWL

		1-252-0-579BSHKDWN		Decoded 1006-2 CMIR-177481		03-22		KA24E		24.8

		1-252-0-579CSHKDWN		Decoded 1006-2 CMIR- 175473				S-000309		35.3

		2-238-0-206FSHKDWN		Decoded 1006-2 CMIR- 177480						34.9

		32.125

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.13

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



						1009-1		18.7		18.7

				Run #		Bearing Batch		Fuel		BWL		Average

				2-238-0-206		06-16		S-000156		27.6		30.9

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000309		34.9

				2-238-0-206CSHKDWN		06-16		S-000309		36.9

				1-252-0-579ASHKDWN		06-16		S-000309		29.5



				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9

				Run #		Fuel Batch		Bearing Weight Loss		Comment

				2-238-0-206		S-000156		27.6		Original S-000156

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid-test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 Batch

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000309		34.9

				2-238-0-206CSHKDWN		S-000309		36.9

				1-252-0-579ASHKDWN		S-000309		29.5

				1-252-0-579BSHKDWN		S-000309		24.8

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9





Sheet1

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		06-16		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		06-16		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		06-16		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		06-16		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		06-16		S-000309		1006-1		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		06-16		S-000156		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		06-16		S-000156		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		06-16		S-000156		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.

		2		2-238-0-206DSHKDWN		3/15/23		06-16		EEE		1006-2		36.9		Remove the fuel completely by running a non-KA24E fuel

		1		1-252-0-579BSHKDWN		3/22/23		03-22		S-000309		1006-2		24.8		Better result

		1		1-252-0-579CSHKDWN		3/25/23		03-22		S-000309		1006-2		35.3		Tried to repeat the better result on the same engine/stand and failed

		2		2-238-0-206FSHKDWN		3/29/23		03-22		S-000309		1006-2		34.9		Tried to repeat the better result on a different engine/stand and failed

		1		1-252-0-579ESHKDWN		4/8/23		06-16		S-000309		1009-1		18.7		Run on RO 1009-1

		Fuel

				Run #		Fuel Batch		BWL 		Comment

				2-238-0-206		S-000156		27.6		Original S-000156				32.225

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 batch				31.14

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000156		34.9		S-000156 batch

				2-238-0-206CSHKDWN		S-000156		36.9

				1-252-0-579ASHKDWN		S-000156		29.5

				2-238-0-206DSHKDWN		EEE		36.9		Ran non-KA24E fuel

				1-252-0-579BSHKDWN		S-000309		24.8		S-000309 batch

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9

		Oil

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.7

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				2-238-0-206DSHKDWN		1006-2		36.9

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9

				2-238-0-206ASHKDWN		704-1		12.5		12.5

				1-252-0-579ESHKDWN		1009-1		18.7		18.7





		Bearing Batches

				Run #		Bearing Batch		Fuel Batch		BWL 		Average

				2-238-0-206		06-16		S-000156		27.6		31.6

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000156		34.9

				2-238-0-206CSHKDWN		06-16		S-000156		36.9

				1-252-0-579ASHKDWN		06-16		S-000156		29.5

				2-238-0-206DSHKDWN		06-16		EEE		36.9

				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9











Summary

		Critical Components that we have checked		Comments

		Crankshafts		SWRI has changed Crankshafts on stand 52, then reverted to the first crankshaft

		Connecting Rods		SWRI has changed connecting rods on stand 52 three times.

		Fuel		Intertek's first failed reference was on the old fuel batch, and the next reference, the fuel was changed to the new batch midway through.

		Bearing Batch		SWRI has run all tests on the 06-16 bearing batch until the last reference, where the 03-22 batch was used.

		Test stands		Between Intertek and SWRI all four test stands are failing severely, with similar results.

		Labs		Both SWRI and Intertek are seeing similar results between the two labs

		Reference Oils		SWRI has tried using an old blend of 1006-2 from retains, and Intertek has tried using an old batch of 704-1 from retains

		Ambient Temperature		Intertek has tried keeping the stand ambient temperature hot, to mimic summer conditions, since the last successful reference was in the summer.






Crankshaft

= SwRI

— Tried several different crankshafts on one engine/stand
combination

Run # Crankshaft BWL
52-5S186-0-134 Original Crank (prior calibration success with 28.3
52-5186-0-134A this crankshaft) 42.8
52-5186-0-134B New Crankshaft / Connecting rod 36.5
52-5186-0-134C Same Crankshaft / New Connecting rod 27.9
52-5S186-0-134D Original Crankshaft / Connecting rod 32.5
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SWRI Severity

		Stand		Test #		EOT Date		Bearing Batch		Fuel Batch		Oil		BWL Top (mg)		BWL Bottom (mg)		BWL Total (mg)		Comments

		52		52-S186-0-134		15-Dec-22		06-16		S-000309		1006-2		13.5		14.8		28.3		First failed reference on stand 52

		52		52-S186-0-134A		22-Dec-22		06-16		S-000309		1006-2		19.2		23.6		42.8		Replaced oil filter

		52		52-S186-0-134B		1-Jan-23		06-16		S-000309		1006-2		15.8		20.7		36.5		Changed Connecting rod, and crankshaft. 

		52		52-S186-0-134C		8-Jan-23		06-16		S-000309		1006-2		12.8		15.1		27.9		Tried different connecting rod, same crankshaft as 134B

		51		51-152A-0-573		14-Jan-23		06-16		S-000309		1006-2		12.8		15.5		28.3		First failed reference on Stand 51

		51		51-152A-SWRI1		23-Jan-23		06-16		S-000309		1006-2		16.1		16.9		33.0		In house reference, tried an older blend of 1006-2 using retains

		52		52-S186-0-134D		29-Jan-23		06-16		S-000309		1006-2		13.6		18.9		32.5		Switched back to original crankshaft and rod

		51		51-152A-0-574		3-Feb-23		03-22		S-000309		1006-2		17.5		20.2		37.7		Tried new 03-22 bearing batch

		52		52-S186-1-SWRI1		11-Mar-23		06-16		S-000309		1006-2		12.2		24		36.2		Modified Rod, better location and bored out

		52		52-S186-0-134E		26-Mar-23		06-16		S-000309		1006-2		17.8		18.9		36.7		Existing "good" measuring rod

		51		51-152A-0-573A		1-Apr-23		06-16		S-000156		1006-2		18		17.9		35.9		Older fuel batch from Lubrizol

		52		52-S186-1-RR1		3-Apr-23		06-16		S-000309		1006-2		7.8		7.5		15.3		Pinned rod, bored out, and honed to specifications

		52		52-S186-2-RR2		9-Apr-23		06-16		S-000309		1006-2		10.3		11.1		21.4		Second run on Pinned rod

		51		51-152A-0-RR3		13-Apr-23		06-16		S-000309		1009-1		9		8.4		17.4		1009-1 Oil from VH

		Run #		Oil		BWL		Average

		52-S186-0-134		1006-2		28.3		33.6		33.6125

		52-S186-0-134A		1006-2		42.8

		52-S186-0-134B		1006-2		36.5

		52-S186-0-134C		1006-2		27.9

		51-152A-0-573		1006-2		28.3

		52-S186-0-134D		1006-2		32.5

		52-S186-0-134E		1006-2		36.7

		51-152A-0-573A		1006-2		35.9

		51-152A-SWRI1		1006-2 retains from last passed reference		33		33

		51-152A-0-RR3		1009-1		17.4		17.4

		Run #		Crankshaft		BWL

		52-S186-0-134		Original Crank (prior calibration success with this crankshaft)		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New Crankshaft / Connecting rod		36.5

		52-S186-0-134C		Same Crankshaft / New Connecting rod		27.9

		52-S186-0-134D		Original Crankshaft / Connecting rod		32.5

		Run #		Connecting rod		BWL

		52-S186-0-134		Original connecting rod		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New connecting rod		36.5

		52-S186-0-134C		Different, existing connecting rod		27.9

		52-S186-0-134D		Original connecting rod		32.5

		52-S186-1-SWRI1		First modified rod		36.2

		52-S186-0-134E		Existing "good" measuring rod		36.7

		52-S186-1-RR1		Second modified rod using pins for location		15.3

		52-S186-2-RR2				21.4

		Run #		Bearing Batch		Fuel		BWL		Average

		52-S186-0-134		06-16		S-000309		28.3		33.5

		52-S186-0-134A		06-16		S-000309		42.8

		52-S186-0-134B		06-16		S-000309		36.5

		52-S186-0-134C		06-16		S-000309		27.9

		51-152A-0-573		06-16		S-000309		28.3

		51-152A-SWRI1		06-16		S-000309		33.0

		52-S186-0-134D		06-16		S-000309		32.5

		52-S186-0-134E		06-16		S-000309		36.7

		51-152A-0-573A		06-16		S-000156		35.9



		51-152A-0-574		03-22		S-000309		37.7		37.7





		Run #		Fuel Batch		BWL		Comment

		52-S186-0-134		S-000309		37.3		S-000309

		52-S186-0-134A		S-000309		42.8

		52-S186-0-134B		S-000309		36.5

		52-S186-0-134C		S-000309		27.9

		51-152A-0-573		S-000309		28.3

		51-152A-SWRI1		S-000309		33

		52-S186-0-134D		S-000309		32.5

		51-152A-0-574		S-000309		37.7

		52-S186-1-SWRI1		S-000309		36.2

		52-S186-0-134E		S-000309		36.7

		51-152A-0-573A		S-000156		35.9		S-000156 Sourced from Lubrizol

		34.89





IAR Severity

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		16-Jun		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		16-Jun		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		16-Jun		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		16-Jun		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		16-Jun		S-000309		1006-2		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		16-Jun		S-000309		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		16-Jun		S-000309		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		16-Jun		S-000309		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.









		Test Number		Oil Code		Bearing		Fuel		BWL

		1-252-0-579BSHKDWN		Decoded 1006-2 CMIR-177481		03-22		KA24E		24.8

		1-252-0-579CSHKDWN		Decoded 1006-2 CMIR- 175473				S-000309		35.3

		2-238-0-206FSHKDWN		Decoded 1006-2 CMIR- 177480						34.9

		32.125

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.13

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



						1009-1		18.7		18.7

				Run #		Bearing Batch		Fuel		BWL		Average

				2-238-0-206		06-16		S-000156		27.6		30.9

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000309		34.9

				2-238-0-206CSHKDWN		06-16		S-000309		36.9

				1-252-0-579ASHKDWN		06-16		S-000309		29.5



				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9

				Run #		Fuel Batch		Bearing Weight Loss		Comment

				2-238-0-206		S-000156		27.6		Original S-000156

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid-test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 Batch

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000309		34.9

				2-238-0-206CSHKDWN		S-000309		36.9

				1-252-0-579ASHKDWN		S-000309		29.5

				1-252-0-579BSHKDWN		S-000309		24.8

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9





Sheet1

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		06-16		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		06-16		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		06-16		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		06-16		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		06-16		S-000309		1006-1		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		06-16		S-000156		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		06-16		S-000156		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		06-16		S-000156		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.

		2		2-238-0-206DSHKDWN		3/15/23		06-16		EEE		1006-2		36.9		Remove the fuel completely by running a non-KA24E fuel

		1		1-252-0-579BSHKDWN		3/22/23		03-22		S-000309		1006-2		24.8		Better result

		1		1-252-0-579CSHKDWN		3/25/23		03-22		S-000309		1006-2		35.3		Tried to repeat the better result on the same engine/stand and failed

		2		2-238-0-206FSHKDWN		3/29/23		03-22		S-000309		1006-2		34.9		Tried to repeat the better result on a different engine/stand and failed

		1		1-252-0-579ESHKDWN		4/8/23		06-16		S-000309		1009-1		18.7		Run on RO 1009-1

		Fuel

				Test #		Fuel Batch		BWL (mg)		Comment

				2-238-0-206		S-000156		27.6		Original S-000156				32.225

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 batch				31.14

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000156		34.9		S-000156 batch

				2-238-0-206CSHKDWN		S-000156		36.9

				1-252-0-579ASHKDWN		S-000156		29.5

				2-238-0-206DSHKDWN		EEE		36.9		Ran non-KA24E fuel

				1-252-0-579BSHKDWN		S-000309		24.8		S-000309 batch

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9

		Oil

				Test #		Oil		BWL (mg)		Average

				2-238-0-206		1006-2		27.6		31.7

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				2-238-0-206DSHKDWN		1006-2		36.9

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



				1-252-0-579ESHKDWN		1009-1		18.7		18.7





Summary

		Critical Components that we have checked		Comments

		Crankshafts		SWRI has changed Crankshafts on stand 52, then reverted to the first crankshaft

		Connecting Rods		SWRI has changed connecting rods on stand 52 three times.

		Fuel		Intertek's first failed reference was on the old fuel batch, and the next reference, the fuel was changed to the new batch midway through.

		Bearing Batch		SWRI has run all tests on the 06-16 bearing batch until the last reference, where the 03-22 batch was used.

		Test stands		Between Intertek and SWRI all four test stands are failing severely, with similar results.

		Labs		Both SWRI and Intertek are seeing similar results between the two labs

		Reference Oils		SWRI has tried using an old blend of 1006-2 from retains, and Intertek has tried using an old batch of 704-1 from retains

		Ambient Temperature		Intertek has tried keeping the stand ambient temperature hot, to mimic summer conditions, since the last successful reference was in the summer.






Connecting Rods

= SwRI

— Tried multiple different connecting rods including:
* Existing rod used in last references
* Older rods from storage

* Modified rod, modified for better cap location (not a surveillance
panel approved modification, for experiment only).
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Modified Connecting Rod (SwRI)

* Rod pined for location, then was honed out to big end bore
specification
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Connecting Rods

* SWRI Connecting Rod Results
— Using 1006-2, S-000309 for all

Run # Connecting rod BWL
52-S186-0-134 . : 28.3
Original connecting rod

52-S186-0-134A 42.8
52-5186-0-134B New connecting rod 36.5
52-5186-0-134C Different, existing connecting rod 27.9
52-5186-0-134D Original connecting rod 32.5
52-5186-0-134E 4th rod from existing inventory 36.7
L Eopra il Modified rod using pins for location -
52-S186-2-RR2 21.4

FUELS & LUBRICANTS RESEARCH 13
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SWRI Severity

		Stand		Test #		EOT Date		Bearing Batch		Fuel Batch		Oil		BWL Top (mg)		BWL Bottom (mg)		BWL Total (mg)		Comments

		52		52-S186-0-134		15-Dec-22		06-16		S-000309		1006-2		13.5		14.8		28.3		First failed reference on stand 52

		52		52-S186-0-134A		22-Dec-22		06-16		S-000309		1006-2		19.2		23.6		42.8		Replaced oil filter

		52		52-S186-0-134B		1-Jan-23		06-16		S-000309		1006-2		15.8		20.7		36.5		Changed Connecting rod, and crankshaft. 

		52		52-S186-0-134C		8-Jan-23		06-16		S-000309		1006-2		12.8		15.1		27.9		Tried different connecting rod, same crankshaft as 134B

		51		51-152A-0-573		14-Jan-23		06-16		S-000309		1006-2		12.8		15.5		28.3		First failed reference on Stand 51

		51		51-152A-SWRI1		23-Jan-23		06-16		S-000309		1006-2		16.1		16.9		33.0		In house reference, tried an older blend of 1006-2 using retains

		52		52-S186-0-134D		29-Jan-23		06-16		S-000309		1006-2		13.6		18.9		32.5		Switched back to original crankshaft and rod

		51		51-152A-0-574		3-Feb-23		03-22		S-000309		1006-2		17.5		20.2		37.7		Tried new 03-22 bearing batch

		52		52-S186-1-SWRI1		11-Mar-23		06-16		S-000309		1006-2		12.2		24		36.2		Modified Rod, better location and bored out

		52		52-S186-0-134E		26-Mar-23		06-16		S-000309		1006-2		17.8		18.9		36.7		Existing "good" measuring rod

		51		51-152A-0-573A		1-Apr-23		06-16		S-000156		1006-2		18		17.9		35.9		Older fuel batch from Lubrizol

		52		52-S186-1-RR1		3-Apr-23		06-16		S-000309		1006-2		7.8		7.5		15.3		Pinned rod, bored out, and honed to specifications

		52		52-S186-2-RR2		9-Apr-23		06-16		S-000309		1006-2		10.3		11.1		21.4		Second run on Pinned rod

		51		51-152A-0-RR3		13-Apr-23		06-16		S-000309		1009-1		9		8.4		17.4		1009-1 Oil from VH

		Run #		Oil		BWL		Average

		52-S186-0-134		1006-2		28.3		33.6		33.6125

		52-S186-0-134A		1006-2		42.8

		52-S186-0-134B		1006-2		36.5

		52-S186-0-134C		1006-2		27.9

		51-152A-0-573		1006-2		28.3

		52-S186-0-134D		1006-2		32.5

		52-S186-0-134E		1006-2		36.7

		51-152A-0-573A		1006-2		35.9

		51-152A-SWRI1		1006-2 retains from last passed reference		33		33

		51-152A-0-RR3		1009-1		17.4		17.4

		Run #		Crankshaft		BWL

		52-S186-0-134		Original Crankshaft		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New Crankshaft / Connecting rod		36.5

		52-S186-0-134C		Same Crankshaft / New Connecting rod		27.9

		52-S186-0-134D		Original Crankshaft / Connecting rod		32.5

		Run #		Connecting rod		BWL

		52-S186-0-134		Original connecting rod		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New connecting rod		36.5

		52-S186-0-134C		Different, existing connecting rod		27.9

		52-S186-0-134D		Original connecting rod		32.5

		52-S186-0-134E		4th rod from existing  inventory		36.7

		52-S186-1-RR1		Modified rod using pins for location		15.3

		52-S186-2-RR2				21.4

		Run #		Bearing Batch		Fuel		BWL		Average

		52-S186-0-134		06-16		S-000309		28.3		33.5

		52-S186-0-134A		06-16		S-000309		42.8

		52-S186-0-134B		06-16		S-000309		36.5

		52-S186-0-134C		06-16		S-000309		27.9

		51-152A-0-573		06-16		S-000309		28.3

		51-152A-SWRI1		06-16		S-000309		33.0

		52-S186-0-134D		06-16		S-000309		32.5

		52-S186-0-134E		06-16		S-000309		36.7

		51-152A-0-573A		06-16		S-000156		35.9



		51-152A-0-574		03-22		S-000309		37.7		37.7





		Run #		Fuel Batch		BWL		Comment

		52-S186-0-134		S-000309		37.3		S-000309

		52-S186-0-134A		S-000309		42.8

		52-S186-0-134B		S-000309		36.5

		52-S186-0-134C		S-000309		27.9

		51-152A-0-573		S-000309		28.3

		51-152A-SWRI1		S-000309		33

		52-S186-0-134D		S-000309		32.5

		51-152A-0-574		S-000309		37.7

		52-S186-1-SWRI1		S-000309		36.2

		52-S186-0-134E		S-000309		36.7

		51-152A-0-573A		S-000156		35.9		S-000156 Sourced from Lubrizol

		34.89





IAR Severity

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		16-Jun		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		16-Jun		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		16-Jun		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		16-Jun		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		16-Jun		S-000309		1006-2		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		16-Jun		S-000309		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		16-Jun		S-000309		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		16-Jun		S-000309		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.









		Test Number		Oil Code		Bearing		Fuel		BWL

		1-252-0-579BSHKDWN		Decoded 1006-2 CMIR-177481		03-22		KA24E		24.8

		1-252-0-579CSHKDWN		Decoded 1006-2 CMIR- 175473				S-000309		35.3

		2-238-0-206FSHKDWN		Decoded 1006-2 CMIR- 177480						34.9

		32.125

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.13

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



						1009-1		18.7		18.7

				Run #		Bearing Batch		Fuel		BWL		Average

				2-238-0-206		06-16		S-000156		27.6		30.9

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000309		34.9

				2-238-0-206CSHKDWN		06-16		S-000309		36.9

				1-252-0-579ASHKDWN		06-16		S-000309		29.5



				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9

				Run #		Fuel Batch		Bearing Weight Loss		Comment

				2-238-0-206		S-000156		27.6		Original S-000156

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid-test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 Batch

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000309		34.9

				2-238-0-206CSHKDWN		S-000309		36.9

				1-252-0-579ASHKDWN		S-000309		29.5

				1-252-0-579BSHKDWN		S-000309		24.8

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9





Sheet1

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		06-16		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		06-16		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		06-16		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		06-16		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		06-16		S-000309		1006-1		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		06-16		S-000156		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		06-16		S-000156		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		06-16		S-000156		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.

		2		2-238-0-206DSHKDWN		3/15/23		06-16		EEE		1006-2		36.9		Remove the fuel completely by running a non-KA24E fuel

		1		1-252-0-579BSHKDWN		3/22/23		03-22		S-000309		1006-2		24.8		Better result

		1		1-252-0-579CSHKDWN		3/25/23		03-22		S-000309		1006-2		35.3		Tried to repeat the better result on the same engine/stand and failed

		2		2-238-0-206FSHKDWN		3/29/23		03-22		S-000309		1006-2		34.9		Tried to repeat the better result on a different engine/stand and failed

		1		1-252-0-579ESHKDWN		4/8/23		06-16		S-000309		1009-1		18.7		Run on RO 1009-1

		Fuel

				Test #		Fuel Batch		BWL (mg)		Comment

				2-238-0-206		S-000156		27.6		Original S-000156				32.225

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 batch				31.14

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000156		34.9		S-000156 batch

				2-238-0-206CSHKDWN		S-000156		36.9

				1-252-0-579ASHKDWN		S-000156		29.5

				2-238-0-206DSHKDWN		EEE		36.9		Ran non-KA24E fuel

				1-252-0-579BSHKDWN		S-000309		24.8		S-000309 batch

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9

		Oil

				Test #		Oil		BWL (mg)		Average

				2-238-0-206		1006-2		27.6		31.7

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				2-238-0-206DSHKDWN		1006-2		36.9

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



				1-252-0-579ESHKDWN		1009-1		18.7		18.7





Summary

		Critical Components that we have checked		Comments

		Crankshafts		SWRI has changed Crankshafts on stand 52, then reverted to the first crankshaft

		Connecting Rods		SWRI has changed connecting rods on stand 52 three times.

		Fuel		Intertek's first failed reference was on the old fuel batch, and the next reference, the fuel was changed to the new batch midway through.

		Bearing Batch		SWRI has run all tests on the 06-16 bearing batch until the last reference, where the 03-22 batch was used.

		Test stands		Between Intertek and SWRI all four test stands are failing severely, with similar results.

		Labs		Both SWRI and Intertek are seeing similar results between the two labs

		Reference Oils		SWRI has tried using an old blend of 1006-2 from retains, and Intertek has tried using an old batch of 704-1 from retains

		Ambient Temperature		Intertek has tried keeping the stand ambient temperature hot, to mimic summer conditions, since the last successful reference was in the summer.






Bearing Batches

= Between both labs
— Used 06-16 for most tests
— Tried 03-22 to see if there was severity shift

FUELS & LUBRICANTS RESEARCH
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Bearing Batches

= SwRI Bearing batch results
— Using 1006-2, no modified rods

Run # Bearing Batch Fuel BWL Average
52-5186-0-134 06-16 S-000309 28.3
52-5186-0-134A 06-16 S-000309 42.8
52-5186-0-134B 06-16 S-000309 36.5
52-5186-0-134C 06-16 S-000309 27.9
51-152A-0-573 06-16 S-000309 28.3 33.5
51-152A-SWRI1 06-16 S-000309 33.0
52-5186-0-134D 06-16 S-000309 32.5
52-5186-0-134E 06-16 S-000309 36.7
51-152A-0-573A 06-16 S-000156 35.9

51-152A-0-574 03-22 S-000309 37.7 37.7

FUELS & LUBRICANTS RESEARCH

swri.org



SWRI Severity

		Stand		Test #		EOT Date		Bearing Batch		Fuel Batch		Oil		BWL Top (mg)		BWL Bottom (mg)		BWL Total (mg)		Comments

		52		52-S186-0-134		15-Dec-22		06-16		S-000309		1006-2		13.5		14.8		28.3		First failed reference on stand 52

		52		52-S186-0-134A		22-Dec-22		06-16		S-000309		1006-2		19.2		23.6		42.8		Replaced oil filter

		52		52-S186-0-134B		1-Jan-23		06-16		S-000309		1006-2		15.8		20.7		36.5		Changed Connecting rod, and crankshaft. 

		52		52-S186-0-134C		8-Jan-23		06-16		S-000309		1006-2		12.8		15.1		27.9		Tried different connecting rod, same crankshaft as 134B

		51		51-152A-0-573		14-Jan-23		06-16		S-000309		1006-2		12.8		15.5		28.3		First failed reference on Stand 51

		51		51-152A-SWRI1		23-Jan-23		06-16		S-000309		1006-2		16.1		16.9		33.0		In house reference, tried an older blend of 1006-2 using retains

		52		52-S186-0-134D		29-Jan-23		06-16		S-000309		1006-2		13.6		18.9		32.5		Switched back to original crankshaft and rod

		51		51-152A-0-574		3-Feb-23		03-22		S-000309		1006-2		17.5		20.2		37.7		Tried new 03-22 bearing batch

		52		52-S186-1-SWRI1		11-Mar-23		06-16		S-000309		1006-2		12.2		24		36.2		Modified Rod, better location and bored out

		52		52-S186-0-134E		26-Mar-23		06-16		S-000309		1006-2		17.8		18.9		36.7		Existing "good" measuring rod

		51		51-152A-0-573A		1-Apr-23		06-16		S-000156		1006-2		18		17.9		35.9		Older fuel batch from Lubrizol

		52		52-S186-1-RR1		3-Apr-23		06-16		S-000309		1006-2		7.8		7.5		15.3		Pinned rod, bored out, and honed to specifications

		52		52-S186-2-RR2		9-Apr-23		06-16		S-000309		1006-2		10.3		11.1		21.4		Second run on Pinned rod

		51		51-152A-0-RR3		13-Apr-23		06-16		S-000309		1009-1		9		8.4		17.4		1009-1 Oil from VH

		Run #		Oil		BWL		Average

		52-S186-0-134		1006-2		28.3		33.6		33.6125

		52-S186-0-134A		1006-2		42.8

		52-S186-0-134B		1006-2		36.5

		52-S186-0-134C		1006-2		27.9

		51-152A-0-573		1006-2		28.3

		52-S186-0-134D		1006-2		32.5

		52-S186-0-134E		1006-2		36.7

		51-152A-0-573A		1006-2		35.9

		51-152A-SWRI1		1006-2 retains from last passed reference		33		33

		51-152A-0-RR3		1009-1		17.4		17.4

		Run #		Crankshaft		BWL

		52-S186-0-134		Original Crankshaft		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New Crankshaft / Connecting rod		36.5

		52-S186-0-134C		Same Crankshaft / New Connecting rod		27.9

		52-S186-0-134D		Original Crankshaft / Connecting rod		32.5

		Run #		Connecting rod		BWL

		52-S186-0-134		Original connecting rod		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New connecting rod		36.5

		52-S186-0-134C		Different, existing connecting rod		27.9

		52-S186-0-134D		Original connecting rod		32.5

		52-S186-1-SWRI1		First modified rod		36.2

		52-S186-0-134E		Existing "good" measuring rod		36.7

		52-S186-1-RR1		Second modified rod using pins for location		15.3

		52-S186-2-RR2				21.4

		Run #		Bearing Batch		Fuel		BWL		Average

		52-S186-0-134		06-16		S-000309		28.3		33.5

		52-S186-0-134A		06-16		S-000309		42.8

		52-S186-0-134B		06-16		S-000309		36.5

		52-S186-0-134C		06-16		S-000309		27.9

		51-152A-0-573		06-16		S-000309		28.3

		51-152A-SWRI1		06-16		S-000309		33.0

		52-S186-0-134D		06-16		S-000309		32.5

		52-S186-0-134E		06-16		S-000309		36.7

		51-152A-0-573A		06-16		S-000156		35.9

		51-152A-0-574		03-22		S-000309		37.7		37.7







		Run #		Fuel Batch		BWL		Comment

		52-S186-0-134		S-000309		37.3		S-000309

		52-S186-0-134A		S-000309		42.8

		52-S186-0-134B		S-000309		36.5

		52-S186-0-134C		S-000309		27.9

		51-152A-0-573		S-000309		28.3

		51-152A-SWRI1		S-000309		33

		52-S186-0-134D		S-000309		32.5

		51-152A-0-574		S-000309		37.7

		52-S186-1-SWRI1		S-000309		36.2

		52-S186-0-134E		S-000309		36.7

		51-152A-0-573A		S-000156		35.9		S-000156 Sourced from Lubrizol

		34.89





IAR Severity

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		16-Jun		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		16-Jun		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		16-Jun		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		16-Jun		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		16-Jun		S-000309		1006-2		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		16-Jun		S-000309		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		16-Jun		S-000309		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		16-Jun		S-000309		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.









		Test Number		Oil Code		Bearing		Fuel		BWL

		1-252-0-579BSHKDWN		Decoded 1006-2 CMIR-177481		03-22		KA24E		24.8

		1-252-0-579CSHKDWN		Decoded 1006-2 CMIR- 175473				S-000309		35.3

		2-238-0-206FSHKDWN		Decoded 1006-2 CMIR- 177480						34.9

		32.125

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.13

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9



				2-238-0-206ASHKDWN		704-1		12.5		12.5



						1009-1		18.7		18.7

				Run #		Bearing Batch		Fuel		BWL		Average

				2-238-0-206		06-16		S-000156		27.6		30.9

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000309		34.9

				2-238-0-206CSHKDWN		06-16		S-000309		36.9

				1-252-0-579ASHKDWN		06-16		S-000309		29.5



				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9

				Run #		Fuel Batch		Bearing Weight Loss		Comment

				2-238-0-206		S-000156		27.6		Original S-000156

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid-test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 Batch

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000309		34.9

				2-238-0-206CSHKDWN		S-000309		36.9

				1-252-0-579ASHKDWN		S-000309		29.5

				1-252-0-579BSHKDWN		S-000309		24.8

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9





Sheet1

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		06-16		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		06-16		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		06-16		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		06-16		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		06-16		S-000309		1006-1		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		06-16		S-000156		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		06-16		S-000156		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		06-16		S-000156		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.

		2		2-238-0-206DSHKDWN		3/15/23		06-16		EEE		1006-2		36.9		Remove the fuel completely by running a non-KA24E fuel

		1		1-252-0-579BSHKDWN		3/22/23		03-22		S-000309		1006-2		24.8		Better result

		1		1-252-0-579CSHKDWN		3/25/23		03-22		S-000309		1006-2		35.3		Tried to repeat the better result on the same engine/stand and failed

		2		2-238-0-206FSHKDWN		3/29/23		03-22		S-000309		1006-2		34.9		Tried to repeat the better result on a different engine/stand and failed

		1		1-252-0-579ESHKDWN		4/8/23		06-16		S-000309		1009-1		18.7		Run on RO 1009-1

		Fuel

				Run #		Fuel Batch		BWL 		Comment

				2-238-0-206		S-000156		27.6		Original S-000156				32.225

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 batch				31.14

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000156		34.9		S-000156 batch

				2-238-0-206CSHKDWN		S-000156		36.9

				1-252-0-579ASHKDWN		S-000156		29.5

				2-238-0-206DSHKDWN		EEE		36.9		Ran non-KA24E fuel

				1-252-0-579BSHKDWN		S-000309		24.8		S-000309 batch

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9

		Oil

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.7

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				2-238-0-206DSHKDWN		1006-2		36.9

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9

				2-238-0-206ASHKDWN		704-1		12.5		12.5

				1-252-0-579ESHKDWN		1009-1		18.7		18.7





		Bearing Batches

				Run #		Bearing Batch		Fuel Batch		BWL 		Average

				2-238-0-206		06-16		S-000156		27.6		31.6

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000156		34.9

				2-238-0-206CSHKDWN		06-16		S-000156		36.9

				1-252-0-579ASHKDWN		06-16		S-000156		29.5

				2-238-0-206DSHKDWN		06-16		EEE		36.9

				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9











Summary

		Critical Components that we have checked		Comments

		Crankshafts		SWRI has changed Crankshafts on stand 52, then reverted to the first crankshaft

		Connecting Rods		SWRI has changed connecting rods on stand 52 three times.

		Fuel		Intertek's first failed reference was on the old fuel batch, and the next reference, the fuel was changed to the new batch midway through.

		Bearing Batch		SWRI has run all tests on the 06-16 bearing batch until the last reference, where the 03-22 batch was used.

		Test stands		Between Intertek and SWRI all four test stands are failing severely, with similar results.

		Labs		Both SWRI and Intertek are seeing similar results between the two labs

		Reference Oils		SWRI has tried using an old blend of 1006-2 from retains, and Intertek has tried using an old batch of 704-1 from retains

		Ambient Temperature		Intertek has tried keeping the stand ambient temperature hot, to mimic summer conditions, since the last successful reference was in the summer.






Bearing Batches

" |AR Bearing batch results

— Using 1006-2
Run # Bearing Batch Fuel Batch BWL Average
2-238-0-206 06-16 S-000156 27.6
2-238-0-206A 06-16 S-000156/5-000309 26.7
2-238-0-206SHKDWN 06-16 S-000309 31.5
1-252-0-579SHKDWN 06-16 S-000309 29.2 316
2-238-0-206BSHKDWN 06-16 S-000156 34.9
2-238-0-206CSHKDWN 06-16 S-000156 36.9
1-252-0-579ASHKDWN 06-16 S-000156 29.5
2-238-0-206DSHKDWN 06-16 EEE 36.9
1-252-0-579BSHKDWN 03-22 S-000309 24.8
1-252-0-579CSHKDWN 03-22 S-000309 35.3 31.7

2-238-0-206FSHKDWN 03-22 S-000309 34.9

FUELS & LUBRICANTS RESEARCH
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SWRI Severity

		Stand		Test #		EOT Date		Bearing Batch		Fuel Batch		Oil		BWL Top (mg)		BWL Bottom (mg)		BWL Total (mg)		Comments

		52		52-S186-0-134		15-Dec-22		06-16		S-000309		1006-2		13.5		14.8		28.3		First failed reference on stand 52

		52		52-S186-0-134A		22-Dec-22		06-16		S-000309		1006-2		19.2		23.6		42.8		Replaced oil filter

		52		52-S186-0-134B		1-Jan-23		06-16		S-000309		1006-2		15.8		20.7		36.5		Changed Connecting rod, and crankshaft. 

		52		52-S186-0-134C		8-Jan-23		06-16		S-000309		1006-2		12.8		15.1		27.9		Tried different connecting rod, same crankshaft as 134B

		51		51-152A-0-573		14-Jan-23		06-16		S-000309		1006-2		12.8		15.5		28.3		First failed reference on Stand 51

		51		51-152A-SWRI1		23-Jan-23		06-16		S-000309		1006-2		16.1		16.9		33.0		In house reference, tried an older blend of 1006-2 using retains

		52		52-S186-0-134D		29-Jan-23		06-16		S-000309		1006-2		13.6		18.9		32.5		Switched back to original crankshaft and rod

		51		51-152A-0-574		3-Feb-23		03-22		S-000309		1006-2		17.5		20.2		37.7		Tried new 03-22 bearing batch

		52		52-S186-1-SWRI1		11-Mar-23		06-16		S-000309		1006-2		12.2		24		36.2		Modified Rod, better location and bored out

		52		52-S186-0-134E		26-Mar-23		06-16		S-000309		1006-2		17.8		18.9		36.7		Existing "good" measuring rod

		51		51-152A-0-573A		1-Apr-23		06-16		S-000156		1006-2		18		17.9		35.9		Older fuel batch from Lubrizol

		52		52-S186-1-RR1		3-Apr-23		06-16		S-000309		1006-2		7.8		7.5		15.3		Pinned rod, bored out, and honed to specifications

		52		52-S186-2-RR2		9-Apr-23		06-16		S-000309		1006-2		10.3		11.1		21.4		Second run on Pinned rod

		51		51-152A-0-RR3		13-Apr-23		06-16		S-000309		1009-1		9		8.4		17.4		1009-1 Oil from VH

		Oil

		Run #		Oil		BWL		Average

		52-S186-0-134		1006-2		28.3		33.6		33.6125

		52-S186-0-134A		1006-2		42.8

		52-S186-0-134B		1006-2		36.5

		52-S186-0-134C		1006-2		27.9

		51-152A-0-573		1006-2		28.3

		52-S186-0-134D		1006-2		32.5

		52-S186-0-134E		1006-2		36.7

		51-152A-0-573A		1006-2		35.9

		51-152A-SWRI1		1006-2 retains from last passed reference		33		33

		51-152A-0-RR3		1009-1		17.4		17.4

		Crankshaft

		Run #		Crankshaft		BWL

		52-S186-0-134		Original Crankshaft		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New Crankshaft / Connecting rod		36.5

		52-S186-0-134C		Same Crankshaft / New Connecting rod		27.9

		52-S186-0-134D		Original Crankshaft / Connecting rod		32.5

		Connecting Rod

		Run #		Connecting rod		BWL

		52-S186-0-134		Original connecting rod		28.3

		52-S186-0-134A				42.8

		52-S186-0-134B		New connecting rod		36.5

		52-S186-0-134C		Different, existing connecting rod		27.9

		52-S186-0-134D		Original connecting rod		32.5

		52-S186-1-SWRI1		First modified rod		36.2

		52-S186-0-134E		Existing "good" measuring rod		36.7

		52-S186-1-RR1		Second modified rod using pins for location		15.3

		52-S186-2-RR2				21.4

		Bearing Batch

		Run #		Bearing Batch		Fuel		BWL		Average

		52-S186-0-134		06-16		S-000309		28.3		33.5

		52-S186-0-134A		06-16		S-000309		42.8

		52-S186-0-134B		06-16		S-000309		36.5

		52-S186-0-134C		06-16		S-000309		27.9

		51-152A-0-573		06-16		S-000309		28.3

		51-152A-SWRI1		06-16		S-000309		33.0

		52-S186-0-134D		06-16		S-000309		32.5

		52-S186-0-134E		06-16		S-000309		36.7

		51-152A-0-573A		06-16		S-000156		35.9

		51-152A-0-574		03-22		S-000309		37.7		37.7



		Fuel Batch

		Run #		Fuel Batch		BWL		Comment

		52-S186-0-134		S-000309		37.3		S-000309

		52-S186-0-134A		S-000309		42.8

		52-S186-0-134B		S-000309		36.5

		52-S186-0-134C		S-000309		27.9

		51-152A-0-573		S-000309		28.3

		51-152A-SWRI1		S-000309		33

		52-S186-0-134D		S-000309		32.5

		51-152A-0-574		S-000309		37.7

		52-S186-1-SWRI1		S-000309		36.2

		52-S186-0-134E		S-000309		36.7

		51-152A-0-573A		S-000156		35.9		S-000156 Sourced from Lubrizol

		34.89





IAR Severity

		Stand		Test #		Date Comp		Bearing Batch		Fuel Batch		Oil		BWL (mg)		Comments

		2		2-238-0-206		12/29/22		06-16		S-000156		1006-2		27.6		1st reference attempt in stand 2.

		2		2-238-0-206A		1/11/23		06-16		S-000156/S-000309		1006-2		26.7		2nd reference attempt in stand 2. fuel changed at mid test.

		2		2-238-0-206SHKDWN		1/20/23		06-16		S-000309		1006-2		31.5		Stand and engine inspection. Then, tried the first shakedown.

		2		2-238-0-206ASHKDWN		1/26/23		06-16		S-000309		704-1		12.5		IAR and SwRI collaborated and shared retains of 704 to make enough volume for 1 test. About doubled the severity of historical data on 704.

		1		1-252-0-579SHKDWN		2/5/23		06-16		S-000309		1006-1		29.2		First shakedown in stand 1. Confirmed the severity shift on both stands.

		2		2-238-0-206BSHKDWN		2/8/23		06-16		S-000156		1006-2		34.9		Replaced a few non-critical internal components. Observed mechanical wear, likely not caused by the parts replaced.

		2		2-238-0-206CSHKDWN		2/11/23		06-16		S-000156		1006-2		36.9		Another run on same engine/stand since last had mechanical wear. Produced the most severe result so far.

		1		1-252-0-579ASHKDWN		2/23/23		06-16		S-000156		1006-2		29.5		Kept the stand ambient temp hot, attempted to simulate summer temps.

		2		2-238-0-206DSHKDWN		3/15/23		06-16		EEE		1006-2		36.9		Remove the fuel completely by running a non-KA24E fuel

		1		1-252-0-579BSHKDWN		3/22/23		03-22		S-000309		1006-2		24.8		Better result

		1		1-252-0-579CSHKDWN		3/25/23		03-22		S-000309		1006-2		35.3		Tried to repeat the better result on the same engine/stand and failed

		2		2-238-0-206FSHKDWN		3/29/23		03-22		S-000309		1006-2		34.9		Tried to repeat the better result on a different engine/stand and failed

		1		1-252-0-579ESHKDWN		4/8/23		06-16		S-000309		1009-1		18.7		Run on RO 1009-1

		Fuel

				Run #		Fuel Batch		BWL 		Comment

				2-238-0-206		S-000156		27.6		Original S-000156				32.225

				2-238-0-206A		S-000156/S-000309		26.7		Switched fuels mid test

				2-238-0-206SHKDWN		S-000309		31.5		S-000309 batch				31.14

				1-252-0-579SHKDWN		S-000309		29.2

				2-238-0-206BSHKDWN		S-000156		34.9		S-000156 batch

				2-238-0-206CSHKDWN		S-000156		36.9

				1-252-0-579ASHKDWN		S-000156		29.5

				2-238-0-206DSHKDWN		EEE		36.9		Ran non-KA24E fuel

				1-252-0-579BSHKDWN		S-000309		24.8		S-000309 batch

				1-252-0-579CSHKDWN		S-000309		35.3

				2-238-0-206FSHKDWN		S-000309		34.9

		Oil

				Run #		Oil		BWL		Average

				2-238-0-206		1006-2		27.6		31.7

				2-238-0-206A		1006-2		26.7

				2-238-0-206SHKDWN		1006-2		31.5

				1-252-0-579SHKDWN		1006-2		29.2

				2-238-0-206BSHKDWN		1006-2		34.9

				2-238-0-206CSHKDWN		1006-2		36.9

				1-252-0-579ASHKDWN		1006-2		29.5

				2-238-0-206DSHKDWN		1006-2		36.9

				1-252-0-579BSHKDWN		1006-2		24.8

				1-252-0-579CSHKDWN		1006-2		35.3

				2-238-0-206FSHKDWN		1006-2		34.9

				2-238-0-206ASHKDWN		704-1		12.5		12.5

				1-252-0-579ESHKDWN		1009-1		18.7		18.7





		Bearing Batches

				Run #		Bearing Batch		Fuel Batch		BWL 		Average

				2-238-0-206		06-16		S-000156		27.6		31.6

				2-238-0-206A		06-16		S-000156/S-000309		26.7

				2-238-0-206SHKDWN		06-16		S-000309		31.5

				1-252-0-579SHKDWN		06-16		S-000309		29.2

				2-238-0-206BSHKDWN		06-16		S-000156		34.9

				2-238-0-206CSHKDWN		06-16		S-000156		36.9

				1-252-0-579ASHKDWN		06-16		S-000156		29.5

				2-238-0-206DSHKDWN		06-16		EEE		36.9

				1-252-0-579BSHKDWN		03-22		S-000309		24.8		31.7

				1-252-0-579CSHKDWN		03-22		S-000309		35.3

				2-238-0-206FSHKDWN		03-22		S-000309		34.9











Summary

		Critical Components that we have checked		Comments

		Crankshafts		SWRI has changed Crankshafts on stand 52, then reverted to the first crankshaft

		Connecting Rods		SWRI has changed connecting rods on stand 52 three times.

		Fuel		Intertek's first failed reference was on the old fuel batch, and the next reference, the fuel was changed to the new batch midway through.

		Bearing Batch		SWRI has run all tests on the 06-16 bearing batch until the last reference, where the 03-22 batch was used.

		Test stands		Between Intertek and SWRI all four test stands are failing severely, with similar results.

		Labs		Both SWRI and Intertek are seeing similar results between the two labs

		Reference Oils		SWRI has tried using an old blend of 1006-2 from retains, and Intertek has tried using an old batch of 704-1 from retains

		Ambient Temperature		Intertek has tried keeping the stand ambient temperature hot, to mimic summer conditions, since the last successful reference was in the summer.






Path Forward

" Much effort has been placed in finding an engineering fix, but it seems likely
that a correction factor will be needed to return the test to traditional
severity levels.

" Due to limited quantity of 704-1 remaining, a separate correction factor
matrix and new bearing batch approval matrix will not be possible.

* Recommend to run additional testing all on new bearing batch to develop a
correction factor which accounts for industry severity and any potential
bearing batch severity, though the effects will not be separable.
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Path Forward

A minimum of eight tests are recommended by SwRI to develop a correction factor.
Based on the testing to date, it seems likely that a linear correction factor would be
developed (larger correction at larger BWL).

704-1 1006-2 704-1 1006-2
1006-2 704-1 1006-2 704-1

Upon completion of the testing and correction factor development, these stands
could be granted calibration status.
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Correction Factor Possibility

= Average 1006-2 result around 32.5mg.

— This is +15mg when compared to a target performance of
| 7.5mg

= One 704-1 result was 12.5.

— This is +4.2mg when compared to a target performance of
8.3mg.

= Based on these results, one can calculate a linear correction
factor.

Avg. Result CF Needed

12.5 -4.2 Used to create a linear
32.5 -15.0 equation.
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How a Linear Correction Might Work

CF _Needed = 2.55 — 0.54*Result.

— Will be zero or positive at a bearing weight loss results < 4.8 mg. and
correction factor could be not applicable at those levels.

Correction Factor Cap

0

Based on this example
equation, a hypothetical
candidate result of 25 would
receive a correction of -11, for
an adjust result of 14mg prior to
applying an severity
adjustments.

Correction Factor

-20

25 i
0 5 10 15 20 25 30 35 40 45 50
Result

" Based on this correction, a result with 51 mg weight loss would be
adjusted to the GF-6 pass limit of 26 mg.
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Thank You
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