DD13 Engine Scuffing Test

Version DDI13 VERSION 20161202 Beta

Conducted For
TSTSPON1
TSTSPON2

V = Valid; The Reference Oil/Non-Reference Oil was evaluated in accordance with the
test procudure.

| = Invalid; The Reference Oil/Non-Reference Oil was not evaluated in accordance with
LABVALID |the test procudure.

N = Results Cannot be Interpreted As Representative of Oil Performance (Non-

Reference Oil) and shall not be used in determining an average test result using multiple
test criteria

NR = Non-Reference Oil Test

TSTOIL RO = Reference Oil Test
Test Number
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Formulation/Stand: FORM
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DD13 Engine Scuffing Test

Form 3
Summary of Test Method

This test method evaluates the liner scuffing and ring distress performance of engine oils in

turbocharged and intercooled four-cycle diesel engines equipped with EGR, uncoated top rings, and running on
ultra-low sulfur diesel fuel. Results are obtained from used oil analysis, operational data, and component

measurements before and after test.

The test engine is a four stroke Detroit Diesel DD13 12.8 L, six-cylinder diesel engine with EGR. The
engine is disassembled prior to each test, the parts solvent-cleaned and measured, and rebuilt using all new

pistons, uncoated rings, cylinder liners, and connecting rod bearings.

Schedule of Conditions for the Test Procedure

Set Point Set Point for
for Stage 1 Stage 2
Time, h 30 170 standard”
Controlled Quantities, units
Engine Speed, r/min 1800 1800
Fuel Flow Rate, kg/h 32 71
Air Temperature in Engine Intake, °C 35 35
Coolant Temperature at Jacket Outlet, °C 105 105
Oil Temperature in Gallery, °C 118 118
Fuel Temperature at Engine Inlet, °C 38 38
Air Temperature in Intake Manifold, °C 75 87
Coolant Pressure at Jacket Inlet, kPa (gauge) 250 250
Exhaust Pressure in Tailpipe, kPa (absolute) 105.5 125.5
Air Pressure in Intake Manifold, kPa (absolute) 202.5 327.5
Air Pressure in Engine Intake, kPa (absolute) 96.4 94.8
Ranged Quantities®, units
Coolant Flow Rate, L/min | 3400360 | 340to 360




DD13 Engine Scuffing Test

Form 4
Test Result Summary

Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN
Oil Code: OILCODE

Formulation Stand Code: FORM

Lab Oil Code LABOCODE TMC Oil Code” IND
SAE Viscosity SAEVISC Number of Tests Since Last Calibration® CALCOUN

Start Dates and Time

Oil Charge Date DTSTRT Oil Charge Time STRTTIME
Engine Start Date EDTSTRT Engine Start Time ESTRTIME
Test Clock Start Date CDTSTRT Test Clock Start Time CSTRTIME
Test Length TESTLEN
Total Test Hours on Engine Block ENHOURS
Total Number of Test on Engine Block ENRUN
Hours to Scuff
Original Result HRSSCF
Transformed Result THRSSCF
Correction Factor HRSSCFCF
Corrected Transformed Result HRSCFCOR
Severity Adjustment” HRSCF SA
Final Transformed Result THRSCFNL
Final Original Unit Result HRSSCFNL
Additional Result
Delta Iron @ Hours to Scuff DFEASCF
Cylinder 1 2 3 4 5 6
Average % Liner Scuff CIASC | C2ASC | C3ASC | C4ASC | CSASC | C6ASC
Top Ring Weight Loss TRWLI [ TRWL2 [ TRWL3 [ TRWL4 [ TRWLS [ TRWL6

Last Stand Reference Results®

Test Number: RTESTNUM
0il Code: ROILCODE

Test Length: RTESTLEN TMC Oil Code: RIND
EOT Date: RDTCOMP EOT Time: REOTTIME
Stand Calibration Expiration Date: DTCALEXP

Hours to Scuff
Final Original Unit Result RHRSCFNL

A - Reference Tests Only
B - Non-Reference Tests Only
C- Operationally Valid Tests Only, including current test




DD13 Engine Scuffing Test

Form 5
Operational Summary
Controlled Parameters

Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN
Oil Code: OILCODE

Formulation Stand Code: FORM

Controlled Parameters

QI EOT QI Target Stage 1 Stage 2 No of
Parameter Units | Threshold A Stage 1 (Stage2 | Avg |StdDev| Max | Min Avg |StdDev| Max | Min [Samples; BQD
Speed r/min 0.000 QRPM [ 1800 | 1800 | ARPMI|SRPMI|XRPMI|IRPMI1 [ ARPM2|SRPM2|XRPM2| IRPM2 | NRPM [ BRPM
Fuel Flow kg/h 0.000 | QFFLO 32 71 | AFFLO|SFFLO | XFFLO|IFFLO1[ AFFLO | SFFLO:| XFFLO|IFFLO2| NFFLO| BFFLO
Intake Manifold Temperature °C 0.000 |QINMAM 75 87 | AINMA| SINMA [ XINMA[ IINMAI]| AINMA| SINMA | XINMA| IINMA]| NINMA([ BINMA
Coolant Jacket Out Temperature °C 0.000 |QcoJoL| 105 105 | ACOJO| SCOJO | XCOJO[ICOJO| ACOJO|SCOJO | XCOJO|ICOJO|NCOJO[BCOJO
Fuel In Temperature °C 0.000 |QFUELT| 38 38 |AFUEL|SFUEL | XFUEL|IFUEL1| AFUEL| SFUEL'| XFUEL [ IFUEL1{NFUEL | BFUEL
Oil Gallery Temperature °C 0.000 |QOILGT| 118 118 | AOILG| SOILG'| XOILG [ IOILGT| AOILG'| SOILG"| XOILG'| IOILGT| NOILG' | BOILG'
Intake Air Temperature °C 0.000 |QINAIR?[ 35 35 | AINAIF| SINAIR| XINAIF| IINAIR | AINAIF| SINAIR| XINAIF[ IINAIR | NINAIF| BINAIF
Intake Air Restriction kPaA | 0.000 [QINAIRI| 96.4 94.8 | AINAIF| SINAIR| XINAIF| IINAIR [ AINAIF| SINAIR| XINAIF| IINAIR | NINAIF| BINAIF
Intake Manifold Pressure kPaA | 0.000 |QINMADM 202.5 [ 327.5 | AINMA|SINMA|XINMA| IINMAI][ AINMA| SINMA| XINMA| INMA]| NINMA| BINMA
Exhaust Pressure kPaA | 0.000 |QEXHST| 105.5 [ 125.5 | AEXHS|SEXHS|XEXHS|IEXHS [ AEXHS| SEXHS| XEXHS|IEXHS | NEXHS| BEXHS
Coolant Jacket In Pressure kPa 0.000 |QCOLIJII| 250 250 | ACOLJ|SCOLIJI| XCOLJ[ICOLJL{ACOLJ|SCOLJI| XCOLJ|ICOLJI|NCOLJ[BCOLJ.
Coolant Flow L/min [ 540360 | 340-360 | ACOLE| SCOLF| XCOLF|ICOLFI| ACOLF| SCOLF | XCOLF| ICOLF1 ||

A - QI values above the threshold are acceptable by then surveillance panel. QI values below the threshold may not be considered acceptable based on engineer review.

Counts Above Control Limit

Transition [ Steady State Transition | Steady State
Oil Gallery Temperature OGTCNTT OGTCNTS Intake Air Temperature INATCNTT INATCNTS
Intake Manifold Temperature IMTCNTT IMTCNTS Intake Manifold Pressure IMPCNTT IMPCNTS
Coolant Jacket Out Temperature | CJOTCNTT CJOTCNTS Torque TROCNTT TROCNTS




DD13 Engine Scuffing Test

Operational Summary

Form 6

Uncontrolled Parameters

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Uncontrolled
Parameters

Target Stage 1 Stage 2
Parameter Units | Stage 1{Stage2| Avg [StdDev| Max | Min Avg [Std Dev[ Max [ Min
Torque Nm thd tbd [ ALOAI|SLOALC| XLOAI|ILOAD|ALOAI|SLOAL|XLOAI|ILOAD
Engine Coolant Out Temperature °C thd tbd [ ACOL(| SCOLO|XCOL(|ICOLO|ACOLC|SCOLQ|XCOL(|ICOLO
Engine Coolant In Temperature °C tbd tbd | ACOLI|SCOLIN XCOLI|ICOLIN ACOLIL| SCOLIY| XCOLI] ICOLIN
Coolant Jacket In Temperature °C thd tbd [ ACOJIN| SCOJIN XCOJIT[ ICOJIN| ACOJIN SCOJIN XCOJIY| ICOJIN
Tailpipe Temperature °C thd tbd [ ATAIL]| STAILF| XTAIL [ ITAILP| ATAILI| STAILF{ XTAIL]| ITAILP
Oil Sump Temperature °C thd tbd | AOILS | SOILST| XOILS [ IOILST| AOILS" | SOILST| XOILS"| IOILST
EGR Gas Temperature °C thd tbd | AEGRT|SEGRT|XEGR1|IEGRT .| AEGRT|SEGRT| XEGRT|IEGRT:
Blowby L/min thd tbd | ABLOE|SBLOB|XBLOE|IBLOB'| ABLOE|SBLOB| XBLOE|IBLOB'
Inlet Air Dew Point Temperature °C thd tbd [ AINAD|SINAD]| XINAD| IINADI| AINAD| SINAD [ XINAD| IINADI
Centrifuge Speed r/min thd tbd | ACENT|SCENT| XCENT|ICENT{| ACENT| SCENT| XCENT| ICENT}
Oil Gallery Pressure kPa thd tbd | AOILPI|{ SOILPE| XOILPI| IOILPR| AOILPI| SOILPF| XOILPI| IOILPR
Engine Charge Air Cooler Delta Pressure kPa thd tbd | ACACI|SCACLC|XCACI|ICACD|ACACI|SCACL|XCACI|ICACD
EGR Gas Pressure kPa thd tbd [ AEGR(| SEGRG| XEGR(|IEGRG | AEGR(| SEGRG| XEGR(| IEGRG
Coolant Jacket Out Pressure kPa thd tbd [ACOLJ|SCOLJ( XCOLJ|ICOLJ(] ACOLJ|SCOLJ( XCOLJ|ICOLIJC
Pre Turbo Front Pressure kPa thd tbd [ APTUR|SPTUR|XPTUR|IPTURI| APTUR|SPTUR [ XPTUR| IPTURI
Pre Turbo Rear Pressure kPa thd tbd [ APTUR|SPTUR|XPTUR|IPTURI|APTUR|SPTUR [ XPTUR|IPTURI
Crankcase Pressure kPa tbd tbd [ACCAS|SCCAS|XCCAES[ICCASI| ACCAS| SCCAS|XCCAS|ICCASI
Turbo Out Temperature °C thd tbd [ ATRB(C|STRBO|XTRB(|ITRBO'| ATRBC|STRBO|XTRBC(|ITRBO'
Ambient Cell Temperature °C thd tbd | ACELL|SCELL'| XCELL|ICELL1 ACELL|SCELL'|XCELL|ICELL1
Pre Turbo Front Temperature °C thd tbd [ APTUR|SPTUR|XPTUR|IPTURI|APTUR|SPTUR | XPTUR|IPTURI
Pre Turbo Rear Temperature °C thd tbd [APTUR|SPTUR | XPTUR|IPTURI| APTUR|SPTUR [ XPTUR| IPTURI
Engine Charge Air Cooler Outlet Temperature| kPa thd tbd [ ACAC(|SCACC|XCAC(|ICACO|ACAC(]SCACC|XCAC(|ICACO
EGR Coolant In Temperature °C thd tbd [ AEGR(| SEGRC|XEGR(|IEGRC]| AEGR(| SEGRC|XEGR(| IEGRC]
EGR Coolant Out Temperature °C thd tbd | AEGR(|SEGRC| XEGR(|IEGRC(| AEGRC| SEGRC| XEGR(|IEGRC!
Coolant Tank Pressure kPa thd tbd [ACOLT|SCOLT|XCOLT[ICOLTI| ACOLT| SCOLT|XCOLT|ICOLTI
Atmospheric Pressure kPaA | tbhd tbd [ABAR(|{SBARC|XBAR(|IBARO|ABAR(]| SBARC| XBAR(|IBARO




DD13 Engine Scuffing Test

Form 7
Cylinder Scuffing Summary

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Cylinder 1 2 3 4 5 6
Position 1 (%) C1SCl1 C2SC1 C3SC1 C4SC1 C5SC1 C6SC1
Position 2 (%) CI1SC2 C2SC2 C3SC2 C4SC2 C5SC2 C6SC2
Position 3 (%) C1SC3 C2SC3 C3SC3 C4SC3 C5SC3 C6SC3
Position 4 (%) C1SC4 C2SC4 C3SC4 C4SC4 C5SC4 C6SC4
Position 5 (%) CI1SC5 C2SC5 C3SC5 C4SC5 C5SC5 C6SC5
Position 6 (%) C1SC6 C2SC6 C3SC6 C4SC6 C5SC6 C6SC6
Position 7 (%) CI1SC7 C2SC7 C3SC7 C4SC7 C5SC7 C6SC7
Position 8 (%0) C1SC8 C2SC8 C3SC8 C4SC8 C5SC8 C6SC8
Position 9 (%) CI1SC9 C2SC9 C3SC9 C4SC9 C5SC9 C6SC9

Position 10 (%0) C1SC10 C2SC10 C3SC10 C4SC10 C5SC10 C6SC10
Average (%) CIASC C2ASC C3ASC C4ASC C5ASC C6ASC
As Measured

Average AMACSC

Std Deviation AMSCSC

Minimum AMICSC

Maximum AMXCSC

Additional Liner Deposit and Condition Ratings
Cylinder

1 LINER1AD

2 LINER2AD

3 LINER3AD

4 LINER4AD

5 LINERSAD

6 LINER6AD




DD13 Engine Scuffing Test

Form 8

Top Ring Scuffing Summary

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Cylinder 1 2 3 4 5 6
Position 1 (%) TR1SC1 TR2SC1 TR3SC1 TR4SC1 TRS5SC1 TR6SC1
Position 2 (%) TR1SC2 TR2SC2 TR3SC2 TR4SC2 TR5SC2 TR6SC2
Position 3 (%) TR1SC3 TR2SC3 TR3SC3 TR4SC3 TR5SC3 TR6SC3
Position 4 (%) TR1SC4 TR2SC4 TR3SC4 TR4SC4 TR5SC4 TR6SC4
Position 5 (%) TR1SC5 TR2SC5 TR3SC5 TR4SC5 TR5SC5 TR6SCS
Position 6 (%0) TR1SC6 TR2SC6 TR3SC6 TR4SC6 TR5SC6 TR6SC6
Position 7 (%) TR1SC7 TR2SC7 TR3SC7 TR4SC7 TRS5SC7 TR6SC7
Position 8 (%) TR1SC8 TR2SC8 TR3SC8 TR4SC8 TR5SC8 TR6SC8
Position 9 (%) TR1SC9 TR2SC9 TR3SC9 TR4SC9 TR5SC9 TR6SC9
Position 10 (%) TR1SCI10 TR2SC10 TR3SC10 TR4SC10 TR5SC10 TR6SC10
Average (%) TRIASC TR2ASC TR3ASC TR4ASC TR5ASC TR6ASC

Ring Gap Location] TRIGLOC TR2GLOC TR3GLOC TR4GLOC TR5GLOC TR6GLOC
As Measured
Average AMATRSC
Std Deviation AMSTRSC
Minimum AMITRSC
Maximum AMXTRSC

Additional Top Ring Deposit and Condition Ratings
Cylinder

1 TOPR1AD
2 TOPR2AD
3 TOPR3AD
4 TOPR4AD
5 TOPRSAD
6 TOPR6AD




DD13 Engine Scuffing Test

Form 9

2nd Ring Scuffing Summary

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Cylinder 1 2 3 4 5 6
Position 1 (%) SDRI1ISC1 SDR2SC1 SDR3SC1 SDR4SC1 SDR5SC1 SDR6SC1
Position 2 (%) SDRI1SC2 SDR2SC2 SDR3SC2 SDR4SC2 SDRS5SC2 SDR6SC2
Position 3 (%) SDR1SC3 SDR2SC3 SDR3SC3 SDR4SC3 SDR5SC3 SDR6SC3
Position 4 (%) SDR1SC4 SDR2SC4 SDR3SC4 SDR4SC4 SDR5SC4 SDR6SC4
Position 5 (%) SDRI1SC5 SDR2SC5 SDR3SC5 SDR4SC5 SDR5SC5 SDR6SC5
Position 6 (%0) SDR1SC6 SDR2SC6 SDR3SC6 SDR4SC6 SDR5SC6 SDR6SC6
Position 7 (%) SDRISC7 SDR2SC7 SDR3SC7 SDR4SC7 SDR5SC7 SDR6SC7
Position 8 (%) SDRISC8 SDR2SC8 SDR3SC8 SDR4SC8 SDRS5SC8 SDR6SC8
Position 9 (%) SDR1SC9 SDR2SC9 SDR3SC9 SDR4SC9 SDRS5SC9 SDR6SC9
Position 10 (%) SDR1SC10 SDR2SC10 SDR3SC10 SDR4SC10 SDR5SC10 SDR6SC10
Average (%) SDR1ASC SDR2ASC SDR3ASC SDR4ASC SDR5ASC SDR6ASC

Ring Gap Location SDR1GLC SDR2GLC SDR3GLC SDR4GLC SDR5GLC SDR6GLC
As Measured
Average AMA2RSC
Std Deviation AMS2RSC
Minimum AMI2RSC
Maximum AMX2RSC

Additional 2" Ring Deposit and Condition Ratings
Cylinder

1

SDR1AD

SDR2AD

SDR3AD

SDR4AD

SDR5SAD

O|O|BlWIN

SDR6AD




DD13 Engine Scuffing Test

Form 10

Oil Ring Scuffing Summary

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Cylinder 1 2 3 4 5 6
Position 1 (%) ORI1SCI1 OR2SCl1 OR3SCl1 OR4SCl1 ORS5SCl1 OR6SCI1
Position 2 (%) ORI1SC2 OR2SC2 OR3SC2 OR4SC2 ORS5SC2 OR6SC2
Position 3 (%) OR1SC3 OR2SC3 OR3SC3 OR4SC3 ORS5SC3 OR6SC3
Position 4 (%) OR1SC4 OR2SC4 OR3SC4 OR4SC4 OR5SC4 OR6SC4
Position 5 (%) ORI1SC5 OR2SC5 OR3SC5 OR4SC5 ORS5SC5 OR6SC5
Position 6 (%0) OR1SC6 OR2SC6 OR3SC6 OR4SC6 ORS5SC6 OR6SC6
Position 7 (%) ORI1SC7 OR2SC7 OR3SC7 OR4SC7 ORS5SC7 OR6SC7
Position 8 (%) ORI1SC8 OR2SC8 OR3SC8 OR4SC8 ORS5SC8 OR6SC8
Position 9 (%) OR1SC9 OR2SC9 OR3SC9 OR4SC9 ORS5SC9 OR6SC9

Position 10 (%) ORISCI10 OR2SC10 OR3SC10 OR4SC10 ORS5SC10 OR6SC10
Average (%) ORI1ASC OR2ASC OR3ASC OR4ASC ORS5ASC OR6ASC
Ring Gap Location] ORIGLOC OR2GLOC OR3GLOC OR4GLOC OR5GLOC OR6GLOC
As Measured

Average AMAORSC

Std Deviation AMSORSC

Minimum AMIORSC

Maximum AMXORSC

Additional Oil Ring Deposit and Condition Ratings
Cylinder

1

OILR1AD

OILR2AD

OILR3AD

OILR4AD

OILR5AD

O|O|BlWIN

OILR6AD




DD13 Engine Scuffing Test

Form 11
Piston Top Groove Rating
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN

Oil Code: OILCODE
Formulation Stand Code: FORM

Cylinder 1 2 3 4 5 6
HC Area _ G1HCA1 G1HCA2 G1HCA3 G1HCA4 G1HCAS G1HCA6
Demerit G1HCD1 G1HCD2 G1HCD3 G1HCD4 G1HCDS G1HCD6
MC Area . GIMCAL1 GIMCA2 GIMCA3 GIMCA4 GIMCAS GIMCA6
Demerit GIMCDI1 GIMCD2 G1IMCD3 G1IMCD4 G1IMCD5 G1IMCD6
LC Area . GILCA1 G1LCA2 G1LCA3 G1LCA4 G1LCAS G1LCAG6
Demerit GI1LCD1 GI1LCD2 GI1LCD3 G1LCD4 G1LCD5 G1LCD6
Total Area . G1ACTOTI1 G1ACTOT2 G1ACTOT3 G1ACTOT4 G1ACTOTS G1ACTOT6
Demerit GIDCTOT1 GIDCTOT?2 GI1DCTOT3 G1DCTOT4 GIDCTOTS G1DCTOT6
TGF % [ TGF1 [ TGF2 | TGF3 | TGF4 | TGF5 | TGF6 |
Additional Piston Top Groove Deposit and Condition Ratings
1 TG1AD
2 TG2AD
3 TG3AD
4 TG4AD
5 TG5AD
6 TG6AD




DD13 Engine Scuffing Test

Ring Weight Measurements

Form 12

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Top Ring Weight, mg

Cylinder SOT, g EOT, g Weight Loss, mg
1 TRWSOTI1 TRWEOT1 TRWLI
2 TRWSOT?2 TRWEOT2 TRWL2
3 TRWSOT3 TRWEQOT?3 TRWL3
4 TRWSOT4 TRWEOT4 TRWL4
5 TRWSOTS TRWEOQOTS TRWLS
6 TRWSOT6 TRWEOT6 TRWL6

Top Ring Weight Average, mg ATRWL

Top Ring Weight Std Deviation, mg STRWL

Top Ring Weight Minimum, mg ITRWL

Top Ring Weight Maximum, mg XTRWL
2nd Ring Weight, mg

Cylinder SOT, g EOT, g Weight Loss, mg
1 R2WSOTI1 R2WEOQOT1 R2WL1
2 R2WSOT?2 R2WEOT2 R2WL2
3 R2WSOT3 R2WEOT3 R2WL3
4 R2WSOT4 R2WEQOT4 R2WL4
5 R2WSOTS5 R2WEQOTS5 R2WL5
6 R2WSOT6 R2WEQOT6 R2WL6

2nd Ring Weight Average, mg AR2WL

2nd Ring Weight Std Deviation, mg SR2WL

2nd Ring Weight Minimum, mg IR2WL

2nd Ring Weight Maximum, mg XR2WL
Oil Ring Weight, mg

Cylinder SOT, g EOT, g Weight Loss, mg
1 ORWSOTI1 ORWEOTI ORWLI
2 ORWSOT?2 ORWEQOT2 ORWL2
3 ORWSOT3 ORWEQOT3 ORWL3
4 ORWSOT4 ORWEQOT4 ORWLA4
5 ORWSOTS5 ORWEOQOTS5 ORWLS
6 ORWSOT6 ORWEOQOT6 ORWL6

Oil Ring Weight Average, mg AORWL
Oil Ring Weight Std Deviation, mg SORWL
Oil Ring Weight Minimum, mg IORWL
Oil Ring Weight Maximum, mg XORWL




DD13 Engine Scuffing Test

Form 13
Ring Gap Measurements

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Top Ring Gap, mm

Cylinder SOT EOT Delta (EOT - SOT)
1 TRGSOT1 TRGEOT1 TRGD1
2 TRGSOT2 TRGEOT?2 TRGD2
3 TRGSOT3 TRGEOT3 TRGD3
4 TRGSOT4 TRGEOT4 TRGD4
5 TRGSOTS TRGEOTS TRGDS
6 TRGSOT6 TRGEOT6 TRGD6

Top Ring Gap Average, mm ATRGD

Top Ring Gap Std Deviation, mm STRGD

Top Ring Gap Minimum, mm ITRGD

Top Ring Gap Maximum, mm XTRGD
2nd Ring Gap, mm

Cylinder SOT EOT Delta (EOT - SOT)
1 R2GSOT1 R2GEOTI R2GD1
2 R2GSOT2 R2GEOT2 R2GD2
3 R2GSOT3 R2GEOT3 R2GD3
4 R2GSOT4 R2GEOT4 R2GD4
5 R2GSOTS5 R2GEOTS5 R2GDS
6 R2GSOT6 R2GEOT6 R2GD6

2nd Ring Gap Average, mm AR2GD

2nd Ring Gap Std Deviation, mm SR2GD

2nd Ring Gap Minimum, mm IR2GD

2nd Ring Gap Maximum, mm XR2GD
Oil Ring Gap, mm

Cylinder SOT EOT Delta (EOT - SOT)
1 ORGSOTI1 ORGEOTI ORGD!1
2 ORGSOT2 ORGEOT?2 ORGD2
3 ORGSOT3 ORGEOT3 ORGD3
4 ORGSOT4 ORGEOT4 ORGD4
5 ORGSOT5 ORGEOTS5 ORGD5
6 ORGSOT6 ORGEOT6 ORGD6

Oil Ring Gap Average, mm AORGD
Oil Ring Gap Std Deviation, mm SORGD
Oil Ring Gap Minimum, mm IORGD
Oil Ring Gap Maximum, mm XORGD




DD13 Engine Scuffing Test

Form 14
Oil Analysis Results
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN
Oil Code: OILCODE
Formulation Stand Code: FORM
Peak
Viscosity HeightIR | IR Area |HTHS @
Hours [at 100°C| TGA TBN TAN |Oxidation|Oxidation|
New | VIOOHN| TGANEV TBNNEV| TANNEV IRINNEV
Break-In | V1I00BIMN TGABIN

TST HO
TST HO:
| V100HO?
TST HO:] VIOOHOS| TGA
TST HO'| VI0O0HO07 TGA
TST HO'| VI00HO0S TGA
TST H1 | V100H1]| TGA HI1
TST H1] VIOOHIZ TGA HI1
TST HI1:| VIO0OH1 TGA HI1
TST H1'| VI00H17 TGA H1
EOT [ VI00EO| TGAEOT| TBNEOT| TANEOT| IRPHEO| IRINEOT| HTHSEC

VI100HON TGA HO




DD13 Engine Scuffing Test

Form 15

ICP Metals Analysis

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Hours ICP Metals _
Al Cr Cu Fe Na K Si Sn

New | ALWMN| CRWMN| CUWMN FEWMN|NAWMN KWMNE| SIWMNI SNWMN
Break-in| ALWMB| CRWMB| CUWMB| FEWMB | NAWME KWMBII| SIWMBI| SNWMB
ICP HO(| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO(| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO.| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO'| ALWMH| CRWMH| CUWMH| FEWMH| NAWME| KWM H| SIWMH(| SNWMH
ICP HO | ALWMH| CRWMH| CUWMH| FEWMH| NAWMEF KWM H| SIWMH(| SNWMH
ICP HO.| ALWMH| CRWMH| CUWMH FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO0.| ALWMH| CRWMH| CUWMH| FEWMH| NAWME| KWM H| SIWMH(| SNWMH
ICP HO:| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO:| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO.| ALWMH| CRWMH| CUWMH| FEWMH| NAWME| KWM H| SIWMH(| SNWMH
ICP HO:| ALWMH| CRWMH| CUWMH FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO.| ALWMH| CRWMH| CUWMH| FEWMH| NAWME| KWM H| SIWMH(| SNWMH
ICP HO:| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO.| ALWMH| CRWMH| CUWMH| FEWMH| NAWME| KWM H| SIWMH(| SNWMH
ICP HO:| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO.| ALWMH| CRWMH| CUWMH| FEWMH| NAWMEF| KWM H| SIWMH(| SNWMH
ICP HO:| ALWMH| CRWMH| CUWMH| FEWMH| NAWMEF KWM H| SIWMH(| SNWMH
ICP HO0:| ALWMH| CRWMH| CUWMH| FEWMH| NAWME| KWM H| SIWMH(| SNWMH
ICP HO:| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO0:| ALWMH| CRWMH| CUWMH| FEWMH| NAWMEF| KWM H| SIWMH(| SNWMH
ICP HO0:| ALWMH| CRWMH| CUWMH| FEWMH| NAWMEF| KWM H| SIWMH(| SNWMH
ICP HO!| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO!| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO:| ALWMH| CRWMH| CUWMH| FEWMH| NAWME| KWM H| SIWMH(| SNWMH
ICP HO!| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO!| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO(| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO(| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO(| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO(| ALWMH| CRWMH| CUWMH| FEWMH| NAWME KWM H| SIWMH(| SNWMH
ICP HO(| ALWMH| CRWMH| CUWMH| FEWMH| NAWME| KWM H| SIWMH(| SNWMH
ICP HO'| ALWME| CRWME| CUWMEF| FEWMH| NAWME KWM H| SIWMH(] SNWMH
ICP HO'| ALWME| CRWME| CUWME| FEWMH| NAWMI| KWM H| SIWMH(]| SNWMH
ICP HO'| ALWME| CRWME| CUWME| FEWMH| NAWMI| KWM H| SIWMH(]| SNWMH
ICP HO'| ALWME| CRWME| CUWME| FEWMH| NAWMI| KWM H| SIWMH(]| SNWMH
ICP HO'| ALWME| CRWME| CUWMEF| FEWMH| NAWMEF KWM H| SIWMH(]| SNWMH
ICP HO{| ALWME| CRWME|CUWME|FEWMH| NAWME KWM H|SIWMH(| SNWMH
ICP HO{| ALWMH| CRWMH| CUWMH| FEWMH| NAWMEF| KWM H| SIWMH(| SNWMH
ICP HO{| ALWMH| CRWMH| CUWMH| FEWMH| NAWMEF| KWM H| SIWMH(| SNWMH
ICP HO{| ALWMH| CRWMH| CUWMH| FEWMH| NAWMEF| KWM H| SIWMH(| SNWMH
ICP HO{| ALWMH| CRWMH| CUWMH FEWMH| NAWME KWM H| SIWMH(| SNWMH




DD13 Engine Scuffing Test

Form 15A
ICP Metals Analysis - Continued

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Hours ICP Metals _
Al Cr Cu Fe Na K Si Sn

ICP HO{{ ALWMHE| CRWME| CUWME| FEWMH|NAWME KWM H| SIWMH(| SNWMH
ICP HO| ALWMHE| CRWME| CUWME| FEWMH|NAWMIE KWM H| SIWMH(] SNWMH
ICP HO{ ALWME|CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH(]| SNWMH
ICP HO| ALWME| CRWME| CUWME| FEWMH|NAWMIE KWM H| SIWMH(]| SNWMH
ICP HO{ ALWME|CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH(| SNWMH
ICP HI(| ALWME| CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH | SNWMH
ICP HI(| ALWME| CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH | SNWMH
ICP H1(| ALWME| CRWME| CUWME| FEWMH|NAWME KWM H|SIWMH [ SNWMH
ICP H1(| ALWME| CRWME| CUWME| FEWMH|NAWMIE KWM H|SIWMH | SNWMH
ICP HI(| ALWME| CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH | SNWMH
ICP H1|ALWME| CRWME|CUWME| FEWMH|NAWME KWM H|SIWMH [ SNWMH
ICP H1 | ALWME|CRWME| CUWMI| FEWMH|NAWMI KWM H|SIWMH | SNWMH
ICP H1 | ALWME|CRWME| CUWME|FEWMH|NAWME KWM H|SIWMH | SNWMH
ICP H1 | ALWME|CRWME| CUWMI|FEWMH|NAWMI KWM H|SIWMH | SNWMH
ICP H1|ALWME| CRWME|CUWME| FEWMH|NAWME KWM H|SIWMH [ SNWMH
ICP HI1:| ALWME|CRWME| CUWMI | FEWMH|NAWMI KWM H|SIWMH | SNWMH
ICP H1:|ALWME| CRWME|CUWME| FEWMH|NAWME KWM H|SIWMH [ SNWMH
ICP HI:{|ALWME|CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH | SNWMH
ICP HI{|ALWME|CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH | SNWMH
ICP HI1:| ALWMHE| CRWME| CUWME| FEWMH|NAWMIE KWM H|SIWMH | SNWMH
ICP HI{|ALWME|CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH | SNWMH
ICP HI1.| ALWMHE|CRWME| CUWMI| FEWMH|NAWMIE KWM H|SIWMH | SNWMH
ICP HI1.| ALWMHE|CRWME| CUWMI| FEWMH|NAWMI KWM H|SIWMH | SNWMH
ICP H1:{ALWMHE| CRWME| CUWME| FEWMH|NAWME KWM H| SIWMH | SNWMH
ICP HI|ALWME|CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH | SNWMH
ICP HI1:{{ ALWMHE|CRWME| CUWMI| FEWMH|NAWME KWM H|SIWMH | SNWMH
ICP H1¢{ ALWME| CRWME|CUWME| FEWMH|NAWME KWM H|SIWMH:[ SNWMH
ICP HI¢{{ ALWME|CRWME| CUWMEF| FEWMH|NAWMEF KWM H| SIWMH | SNWMH
ICP HI¢{{ ALWME|CRWME| CUWMEF| FEWMH|NAWMEF KWM H| SIWMH | SNWMH
ICP HI¢{{ ALWME|CRWME| CUWMEF| FEWMH|NAWMEF KWM H| SIWMH ' | SNWMH
ICP HI!{ ALWME|CRWME| CUWMEF| FEWMH|NAWMEF KWM H| SIWMH ' | SNWMH
ICP HI!{ALWME|CRWME| CUWMEF| FEWMH|NAWMEF KWM H| SIWMH | SNWMH
ICP HI1!| ALWMHE|CRWME| CUWMI|FEWMH|NAWMI KWM H|SIWMH | SNWMH
ICP HI1!| ALWME|CRWME| CUWMI|FEWMH|NAWMI KWM H|SIWMH | SNWMH
ICP HI1!| ALWME|CRWME| CUWMI| FEWMH|NAWMI KWM H|SIWMH | SNWMH
ICP H1¢(| ALWME|CRWME| CUWMI| FEWMH|NAWMI KWM H|SIWMH | SNWMH
ICP H1t(| ALWME|CRWME| CUWMI| FEWMH|NAWMIE KWM H|SIWMH | SNWMH
ICP HI(| ALWME|CRWME| CUWMEF| FEWMH|NAWME KWM H| SIWMH ' | SNWMH
ICP H1¢(| ALWME| CRWME|CUWME| FEWMH|NAWME KWM H|SIWMH [ SNWMH
ICP H1¢(| ALWMHE| CRWME| CUWMI| FEWMH|NAWMIE KWM H|SIWMH | SNWMH
ICP HI'| ALWMHE| CRWME| CUWMI| FEWMH|NAWMIE KWM H|SIWMH | SNWMH
ICP HI'| ALWMHE| CRWME| CUWMI| FEWMH|NAWMIE KWM H|SIWMH | SNWMH
ICP H1'| ALWMHE| CRWME| CUWME| FEWMH|NAWME KWM H| SIWMH | SNWMH




DD13 Engine Scuffing Test

Form 15B
ICP Metals Analysis - Continued

Laboratory: LAB | EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Hours ICP Metals _
Al Cr Cu Fe Na K Si Sn

ICP H17| ALWME| CRWME| CUWME| FEWMH| NAWMI KWM H|SIWMHI1| SNWMH
ICP H17| ALWME| CRWME| CUWME| FEWMH| NAWMI KWM H|SIWMHI1| SNWMH
ICP HI1&| ALWME| CRWME| CUWME| FEWMH| NAWMIE KWM H|SIWMHI| SNWMH
ICP HI1&| ALWME| CRWME| CUWME| FEWMH| NAWMIE| KWM H|SIWMHI| SNWMH
ICP HI1&| ALWME| CRWME| CUWME| FEWMH| NAWMIE KWM H|SIWMHI| SNWMH
ICP HI1&| ALWME| CRWME| CUWME| FEWMH| NAWME KWM H|SIWMHI| SNWMH
ICP H1&| ALWME| CRWME| CUWME| FEWMH|NAWMI| KWM H|SIWMHI[ SNWMH
ICP H19| ALWME| CRWME| CUWME| FEWMH| NAWMIE| KWM H|SIWMHI| SNWMH
ICP HI19| ALWME| CRWME| CUWME| FEWMH| NAWME KWM H|SIWMHI| SNWMH
ICP H19| ALWME| CRWME| CUWME| FEWMH|NAWMI KWM H|SIWMHI[ SNWMH
ICP H19| ALWME| CRWME| CUWME| FEWMH| NAWME KWM H|SIWMHI| SNWMH
ICP H1S| ALWME| CRWME| CUWME| FEWMH| NAWMI KWM H|SIWMHI| SNWMH

EOT |ALWME|CRWME| CUWME|FEWME | NAWMIE| KWMEC| SIWME(| SNWME




DD13 Engine Scuffing Test

Form 16
Crankcase Pressure Plot
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

CCPIMAGE




DD13 Engine Scuffing Test

Form 17
Blow-By Flow Plot
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

BBYIMAGE




DD13 Engine Scuffing Test

Form 18
Intake Manifold Pressure Transition Plot
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

IMPIMAGE




DD13 Engine Scuffing Test

Form 19
Intake Manifold Temperature Transition Plot
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

IMTIMAGE




DD13 Engine Scuffing Test

Form 20
Oil Gallery Temperature Transition Plot
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

OGTIMAGE




DD13 Engine Scuffing Test

Form 21
Coolant Jacket Temperature Transition Plot
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

CITIMAGE




DD13 Engine Scuffing Test

Form 22
Torque Transition Plot
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

TRQIMAGE




DD13 Engine Scuffing Test

Form 23
Hardware
Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN
Oil Code: OILCODE
Formulation Stand Code: FORM
Part Part Number Serial Number

Uncoated Top Ring UNCTTRPN

2nd Ring SECRNGPN

Qil Ring OILRNGPN

Wrist Pin WRSTPPN

Wrist Pin Retainer WPRETPN

Connecting Rod CONRODPN

Connecting Rod Bearings - Upper UCRBPN

Connecting Rod Bearings - Lower LCRBPN

Main Bearing - Upper UMBPN

Main Bearing - Lower LMBPN

Carbon Scraper Ring CSRNGPN

Piston Cooling Nozzle PTUBEPN

Intake Rocker Arm INRKRPN

Exhaust Rocker Arm - A EXRKRAPN

Exhaust Rocker Arm - B EXRKRBPN

Exhaust Rocker Arm - C EXRHRCPN

Intake Camshaft INCAMPN

Exhaust Camshaft EXCAMPN

Oil Pump OILPMPPN

Number of Runs on Qil Pump NUMRUNOP

Engine Kit ID ENKITID




DD13 Engine Scuffing Test

Form 24

Supplemental Hardware Information

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Upper Main Upper Main Lower Main Lower Main

Position Serial No. Date Code Serial No. Date Code

1 UMBSNI1 UMBDTCDI LMBSN1 LMBDTCDI

2 UMBSN2 UMBDTCD2 LMBSN2 LMBDTCD2

3 UMBSN3 UMBDTCD3 LMBSN3 LMBDTCD3

4 UMBSN4 UMBDTCD4 LMBSN4 LMBDTCD4

5 UMBSN5 UMBDTCDS LMBSNS5 LMBDTCDS

6 UMBSN6 UMBDTCD6 LMBSN6 LMBDTCD6

7 UMBSNY7 UMBDTCD7 LMBSN7 LMBDTCD7

Connecting Rod | Upper Connecting Rod | Upper Connecting Rod | Lower Connecting Rod | Lower Connecting Rod
Cylinder Serial No. Bearing Serial No. Bearing Date Code Bearing Serial No. Bearing Date Code

1 CONRDSNI1 UCRBSNI URBDTCDI LCRBSNI LRBDTCDI
2 CONRDSN2 UCRBSN2 URBDTCD2 LCRBSN2 LRBDTCD2
3 CONRDSN3 UCRBSN3 URBDTCD?3 LCRBSN3 LRBDTCD3
4 CONRDSN4 UCRBSN4 URBDTCD4 LCRBSN4 LRBDTCD4
5 CONRDSNS5 UCRBSNS URBDTCDS LCRBSNS LRBDTCDS
6 CONRDSN6 UCRBSN6 URBDTCD6 LCRBSN6 LRBDTCD6




DD13 Engine Scuffing Test

Form 25
Supplemental Hardware - Continued

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Liner Manufacture Liner Semi- Liner Semi
Cylinder| Liner Serial No. [ Liner Part No. Date Finish Part No. Liner Source |Finish Date
1 LINERSN] LINERPN] LINERDC] LRSMPNCI LRSOURCI LRSMDCCI
2 LINERSN2 LINERPN2 LINERDC2 LRSMPNC2 LRSOURC2 LRSMDCC2
3 LINERSN3 LINERPN3 LINERDC3 LRSMPNC3 LRSOURC3 LRSMDCC3
4 LINERSN4 LINERPN4 LINERDC4 LRSMPNC4 LRSOURC4 LRSMDCC4
5 LINERSNS LINERPNS LINERDCS LRSMPNCS5 LRSOURCS LRSMDCC5
6 LINERSNG6 LINERPNG6 LINERDC6 LRSMPNC6 LRSOURC6 LRSMDCC6
Cylinder | Piston Serial No. Piston Part No. Piston Date Code Piston Batch ID
1 PISTNSNI PISTNPNI PISTNDCI PSTBIDC1
2 PISTNSN2 PISTNPN2 PISTNDC2 PSTBIDC2
3 PISTNSN3 PISTNPN3 PISTNDC3 PSTBIDC3
4 PISTNSN4 PISTNPN4 PISTNDC4 PSTBIDC4
5 PISTNSNS PISTNPNS PISTNDCS5 PSTBIDC5
6 PISTNSN6 PISTNPN6 PISTNDC6 PSTBIDC6
Cylinder Top Ring Batch ID
1 TRBTCIDI
2 TRBTCID2
3 TRBTCID3
4 TRBTCID4
5 TRBTCIDS
6 TRBTCID6




DD13 Engine Scuffing Test

Form 26
Top Ring Measurements

Laboratory: LAB | EOT Date: DTCOMP EOT Time: EOTTIME
Test Number: TESTNUM Test Length: TESTLEN
Qil Code: OILCODE

Formulation Stand Code: FORM

Top Ring
Cylinder Serial Number Ring Tension @ 132 mm (N) Ring Gap @ 132 mm (mm)
1 TRSERNMI1 TRTENSI1 TRGAPSI1
2 TRSERNM2 TRTENS2 TRGAPS2
3 TRSERNM3 TRTENS3 TRGAPS3
4 TRSERNM4 TRTENS4 TRGAPS4
5 TRSERNMS TRTENSS TRGAPSS
6 TRSERNMG6 TRTENS6 TRGAPS6
Top Ring
Cylinder
1 2 3 4 5 6
Rpk (um) RPKTR1| RPKTRI1| RPKTR1]| RPKTR1]] RPKTR1| RPKTR1]
Rvk (um) RVKTRI1|RVKTRI|RVKTR1| RVKTR1| RVKTR1| RVKTRI1
Rz (um) RZTRI1B|RZTR1B|RZTR1B] RZTR1B{ RZTR1B:| RZTR 1B
Ra (um) RATRIB|RATRIB| RATRIB|RATRIB|RATRIB|RATRIB
Rk (um) RKTRIB|RKTRIB| RKTRIB|RKTRI1B|RKTRIB|RKTRIB
Ring Rmrl (%) RMITRI|RMITRI1|RMITR1|RMITRI|RMITR1|RMITRI1
1 Before | Face Rmr2 (%) RM2TR1|RM2TR 1| RM2TR1| RM2TR 1| RM2TR 1| RM2TR 1
Gap Vo ((um*pm)/um) VOTRI1B| VOTR1B|[ VOTR1B| VOTR1B| VOTR1B| VOTRIB
Width (mm) TRFWI1E| TRFWIE| TREWI1E| TRFWI1E| TRFWI1E| TRFWI1E
Peak Height (um) TRPH1B| TRPH1B| TRPH1B| TRPHIB| TRPHIB| TRPHIB
Peak Height Location (mm) TRPHLI1]| TRPHL1]| TRPHL1] TRPHL1]| TRPHL1]| TRPHLI1]
To 0.2 mm Diff (um) | TRPHA1| TRPHA1| TRPHAI| TRPHA1| TRPHAI1| TRPHAI
To 2.75 mm Diff (um) | TRPHB1 | TRPHB1 | TRPHB1 | TRPHBI1 | TRPHBI1 | TRPHBI
Back of Ring width (Top-Bottom) (mm) | TRBWI1F| TRBW1F| TRBWIE| TRBWI1F[ TRBWI1F[ TRBW1F
Ring Thickness (Front-Rear) (mm) TRRTIB| TRRTIB| TRRTIB|TRRT1B| TRRT1B| TRRT1B




DD13 Engine Scuffing Test

Form 27
Top Ring Measurements —Continued

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Top Ring
Cylinder
1 2 3 4 5 6
Rpk (um) RPKTRI | RPKTRI1|RPKTRI1|RPKTRI | RPKTRI1| RPKTRI1
Rvk (um) RVKTRI[RVKTRI|RVKTRI|RVKTRI|RVKTRI| RVKTRI
Rz (um) RZTR18|RZTR18.{RZTR18:| RZTR18¢| RZTR18:| RZTR18t¢
Ra (um) RATRI18 [RATRI8[RATRI8|RATRI&|RATRI8| RATRI1S
RK (um) RKTRI18 | RKTRI8|RKTRI18 | RKTR18| RKTR18 | RKTRI18
Ring Rmrl (%) RMITRI{RMITRI{RMITR1{RMITR1{RMITRI1{RMITRI1
180° From | Face Rmr2 (%) RM2TRI1|RM2TR1|RM2TR1|RM2TR1| RM2TR1| RM2TR1
Gap Vo ((Lm*pm)/pm) VOTRI8|VOTRI8| VOTR18| VOTR18| VOTR18| VOTR18
Width (mm) TRFWI18| TRFWI8| TRFWI18| TRFWI18| TRFW18| TRFW18
Peak Height (um) [TRPHI18 | TRPH18.| TRPH18 | TRPH18¢| TRPH18:| TRPH18&«
Peak Height Location (mm) TRPHL1/{ TRPHL1:{ TRPHL1:| TRPHL1:| TRPHL1 | TRPHLI1
To0 0.2 mm Diff (um) [ TRPHAI|TRPHAI1|TRPHAI|TRPHAI|TRPHAI|TRPHAI
To 2.75 mm Diff (um) [ TRPHB1 [ TRPHB1 | TRPHB1| TRPHBI1 | TRPHB1| TRPHB1
Back of Ring width (Top-Bottom) (mm) |TRBWI1&| TRBW1&| TRBWI1&| TRBWI1&[ TRBWI1&[ TRBWI1 &
Ring Thickness (Front-Rear) (mm) TRRTI18(| TRRT18(| TRRT18(| TRRT18(] TRRT18(] TRRT18!(
Top Ring
Cylinder
1 2 3 4 5 6
Rpk (um) RPKTRI1|RPKTRI [RPKTRI [RPKTRI1|RPKTRI1|RPKTRI1
Rvk (um) RVKTRI1|RVKTRI[RVKTRI|RVKTRI1|RVKTRI1| RVKTR1
Rz (um) RZTRIA|[RZTRIA|RZTRIA|RZTRIA|RZTRIA|[RZTRIA
Ra (um) RATRIA|RATRIA[RATRIA[RATR1A|RATRIA| RATR1A
Rk (um) RKTRIA|RKTRIA|RKTRIA| RKTRIA| RKTRIA| RKTR1A
. Rmrl (%) RMITRI|RMITR1|RMITR1|RMITR1{RMITR1|RMI1TR1
L After E;rc‘g Rmr2 (%) RM2TR1| RM2TRI| RM2TR1| RM2TR1|RM2TR1| RM2TR1
Gap Vo ((um*pm)/um) VOTRIA| VOTR1A| VOTRIA| VOTRIA[ VOTRIA[ VOTRIA
Width (mm) TRFWI1A| TREFWIA[ TRFWIA| TREFW1A| TRFW1A| TREW1A
Peak Height (um) | TRPHI1A|TRPHI1A|TRPHIA|TRPHIA|TRPHIA|TRPHIA
Peak Height Location (mm) TRPHL1.| TRPHL1 [ TRPHL1.| TRPHL1.| TRPHL1.| TRPHLI.
To 0.2 mm Diff (um) | TRPHA1| TRPHA1| TRPHA1| TRPHA1| TRPHA1| TRPHA1
To 2.75 mm Diff (um)| TRPHB1 [ TRPHB1 [ TRPHBI1 [ TRPHB1 | TRPHB1 | TRPHB1
Back of Ring width (Top-Bottom) (mm) | TRBW1/| TRBW1/| TRBW1/| TRBW1/| TRBW1/| TRBW1/
Ring Thickness (Front-Rear) (mm) TRRTIA|[TRRTIA|TRRTIA| TRRTIA| TRRTIA| TRRTIA




DD13 Engine Scuffing Test

Form 28
2" Ring Measurements

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

2" Ring
Cylinder Serial Number Ring Tension @ 132 mm (N) Ring Gap @ 132 mm (mm)

1 SRSERNMI1 SRTENSI1 SRGAPSI1

2 SRSERNM2 SRTENS2 SRGAPS2

3 SRSERNM3 SRTENS3 SRGAPS3

4 SRSERNM4 SRTENS4 SRGAPS4

5 SRSERNMS SRTENSS SRGAPSS

6 SRSERNM6 SRTENS6 SRGAPS6

2" Ring
Cylinder
1 2 3 4 5 6

1" Before . Face \{Vidth.(mm) SRFWIBI1 | SRFWI1B2 | SRFWI1B3 | SREW1B4 | SREFW1B5 | SREFW1B6
Gap Witness Line Width (mm) | SRWLIB1|SRWLI1B2|SRWLIB3 [SRWLIB4 | SRWLI1B5 | SRWL1B6
Base Angle (°) SRBAI1BI1 [ SRBAIB2 | SRBAIB3 | SRBA1IB4 | SRBAIB5 | SRBA1B6
180° From _ Face V_Vidth_(mm) SRFW181 | SRFW182 [ SRFW183 | SRFW184 | SREWI185 | SRFW186
Gap Witness Line Width (mm) | SRWL181 | SRWL182 [ SRWLI183 | SRWL184 | SRWL185 [ SRWLI186
Base Angle (°) SRBAI181 | SRBA182 | SRBA183 | SRBA184 | SRBA185 | SRBA186
Face Width (mm) SRFWI1A1 [ SRFW1A2 | SRFWIA3 | SRFW1A4 | SRFW1AS5 | SRFW1A6
1" After Gap| Witness Line Width (mm) |SRWLIA1]|SRWLI1A2[SRWLIA3|SRWL1A4[SRWLIAS5|SRWLI1A6
Base Angle (°) SRBAI1A1 | SRBAIA2 [ SRBA1A3 [ SRBA1A4 [ SRBA1AS5 | SRBA1A6
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Oil Ring Measurements

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Oil Ring
Cylinder Serial Number Ring Tension @ 132 mm (N) Ring Gap @ 132 mm (mm)

1 ORSERNMI1 ORTENSI1 ORGAPSI

2 ORSERNM?2 ORTENS2 ORGAPS2

3 ORSERNM3 ORTENS3 ORGAPS3

4 ORSERNM4 ORTENS4 ORGAPS4

5 ORSERNMS5 ORTENSS ORGAPS5

6 ORSERNM6 ORTENS6 ORGAPS6

Qil Ring
Cylinder
1 2 3 4 5 6

Gap Between Rails (mm) ORGRIBI1 | ORGR1B2 | ORGR1B3 | ORGR1B4 [ ORGR1B5 [ ORGR1B6
1" Before Ring \_Nidt_h (mm) ORRWI1B1| ORRWI1B2| ORRWI1B3[ ORRWI1B4[ ORRWIB5| ORRWI1B6
Gap Top Rail Width (mm) ORTRI1B1 | ORTRI1B2 | ORTRIB3 [ ORTRIB4 [ ORTR1BS5 | ORTR1B6
Bottom Rail Width (mm) ORBR1B1 | ORBR1B2 | ORBR1B3 | ORBR1B4 | ORBR1B5 | ORBR1B6
Rail Height Differential (um) [ ORHD1B1| ORHDI1B2 | ORHD1B3 [ORHD1B4 | ORHD1B5| ORHD1B6
Gap Between Rails (mm) ORGR181 | ORGR182 | ORGR183 | ORGR184 | ORGR185 | ORGR186
o Ring Width (mm) ORRWI181 | ORRWI182| ORRW183 [ ORRW184 [ ORRW185 [ ORRW186
180GaF|;°m Top Rail Width (mm) | ORTRI81 | ORTRIS2 | ORTR183 | ORTR184 | ORTRI85 | ORTR186
Bottom Rail Width (mm) ORBR181 [ ORBR182 | ORBR183 | ORBR184 | ORBR185 | ORBR186
Rail Height Differential (um) [ ORHD181 | ORHDI182 | ORHD183 | ORHDI184 | ORHD185 [ ORHD186
Gap Between Rails (mm) ORGRI1A1| ORGR1A2| ORGR1A3 [ORGR1A4 [ ORGR1AS[ORGR1A6
Ring Width (mm) ORRWIAI| ORRWIAZ| ORRWIAZ[ORRWI1A4[ ORRWIAZ[ ORRWIAG
1" After Gap Top Rail Width (mm) ORTRI1A1 [ ORTRIA2 | ORTR1A3 | ORTR1A4 [ ORTRIAS5 | ORTR1A6
Bottom Rail Width (mm) ORBR1A1 | ORBR1A2 | ORBR1A3 | ORBR1A4 [ ORBRI1AS5 [ ORBRI1A6
Rail Height Differential (um) [ ORHDI1A1| ORHD1A2| ORHD1A3[ORHD1A4| ORHDIA5| ORHD1A6
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Liner and Piston Cooling Jet Measurements

Laboratory: LAB

Test Number: TESTNUM
Qil Code: OILCODE
Formulation Stand Code: FORM

| EOT Date: DTCOMP EOT Time: EOTTIME

Test Length: TESTLEN

Liner
Cylinder Serial Number
1 LINERSNI
2 LINERSN2
3 LINERSN3
4 LINERSN4
5 LINERSNS
6 LINERSN6
Liner
Cylinder
1 2 3 4 5 6
Ra (um) RAAVLRI|[RAAVLR2| RAAVLR3|RAAVLR4|RAAVLRS|[RAAVLR6
Rk (um) RKAVLRI1|RKAVLR2| RKAVLR3|RKAVLR4|RKAVLRS5|RKAVLR6
Average of Surface Rmrl (%) RMIAVLR[RMIAVLR| RMIAVLR[RMIAVLR|RMI1AVLR[RM1AVLR
Traces at 0°, 90°, Rmr2 (%) RM2AVLR| RM2AVLR| RM2AVLR|RM2AVLR|RM2AVLR|RM2AVLR
180° and 270° Rpk (um) RPKAVLR|RPKAVLR| RPKAVLR|[RPKAVLR|RPKAVLR [RPKAVLR
Rvk (um) RVKAVLR[RVKAVLR| RVKAVLR[RVKAVLR|RVKAVLR|RVKAVLR
Vo ((um*um)/um) | VOLNRI | VOLNR2 | VOLNR3 | VOLNR4 [ VOLNR5 | VOLNR6
Crosshatch Angle (°) LCRSHTC | LCRSHTC.| LCRSHTC| LCRSHTC¢| LCRSHTC:| LCRSHTCt¢
P-Tube
Cylinder Serial Number
1 PTUBESNI1
2 PTUBESN?2
3 PTUBESN3
4 PTUBESN4
5 PTUBESNS5
6 PTUBESNG6
P-Tube
Cylinder
1 2 3 4 5 6
Hole Diameter (mm) PTUBEHDI1 | PTUBEHD2 | PTUBEHD3 | PTUBEHD4 | PTUBEHDS | PTUBEHD6
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Downtime & Maintenance Summary

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Number of Downtime Occurrences DWNOCR e
Test . Cranking
Hours Date Downtime Events Reasons
DOWNROO| DDATR00I | DTIMRO001 | CRNKRO01| DREAR0OI
DOWNROO| DDATR002 | DTIMR002 | CRNKR002| DREAR002
DOWNROO| DDATR003 | DTIMR003 | CRNKR003| DREAR003
DOWNROC| DDATR004 | DTIMRO004 | CRNKR004| DREAR004
DOWNROC| DDATR005 | DTIMRO005 | CRNKR005| DREAR00S
DOWNROC| DDATR006 | DTIMR006 | CRNKR006| DREAR006
DOWNROO| DDATR007 | DTIMR007 | CRNKR007| DREAR00S
DOWNROO| DDATR008 | DTIMRO008 | CRNKR008| DREAR009
DOWNROC| DDATR009 | DTIMRO009 | CRNKR009| DREARO10
DOWNRO1| DDATR010 | DTIMRO10 | CRNKRO10| DREAROL1
DOWNRO1| DDATROI1 | DTIMRO11 | CRNKROI1|DREAROLL
DOWNRO1| DDATR0I2 | DTIMRO12 | CRNKRO12| DREARO12
DOWNRO1| DDATROI3 | DTIMRO13 | CRNKRO13|DREAROI3
DOWNRO1| DDATRO14 | DTIMRO14 | CRNKRO14| DREARO14
DOWNRO1| DDATRO15 | DTIMRO15 | CRNKRO15| DREAROLS
DOWNRO1| DDATR016 | DTIMRO16 | CRNKRO16| DREARO16
DOWNRO1| DDATRO17 | DTIMRO17 | CRNKRO17| DREARO17
DOWNRO1| DDATROI8 | DTIMRO18 | CRNKRO18| DREAROIS
DOWNRO1| DDATR019 | DTIMRO19 | CRNKRO19| DREARO19
DOWNRO2| DDATR020 | DTIMRO020 | CRNKR020| DREAR020
DOWNRO02| DDATR021 | DTIMRO021 | CRNKRO21| DREAR021
DOWNRO2| DDATR022 | DTIMRO022 | CRNKR022| DREAR022
DOWNR02| DDATR023 | DTIMRO023 | CRNKR023| DREAR023
DOWNRO02| DDATR024 | DTIMRO024 | CRNKR024| DREAR024
DOWNR02| DDATR025 | DTIMRO025 | CRNKR025| DREAR025

TOTLDOWY

Total Downtime (hours)
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Test Comments

Laboratory: LAB

| EOT Date: DTCOMP EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Number of Comment Lines

TOTCOM

OCOMRO001

OCOMRO002

OCOMRO003

OCOMRO004

OCOMRO005

OCOMRO006

OCOMRO007

OCOMRO008

OCOMRO009

OCOMRO10

OCOMRO11

OCOMRO12

OCOMRO013

OCOMRO14

OCOMRO15

OCOMRO16

OCOMRO17

OCOMRO18

OCOMRO19

OCOMRO020

OCOMRO21

OCOMRO022

OCOMRO023

OCOMRO024

OCOMRO025




DD13 Engine Scuffing

Form 33
Test Fuel Analysis (Last

Test

Batch)

Laboratory: LAB

| EOT Date: DTCOMP

EOT Time: EOTTIME

Test Number: TESTNUM

Test Length: TESTLEN

Oil Code: OILCODE

Formulation Stand Code: FORM

Fuel Supplier: FUELSUP

| Fuel Batch ID: FUELBTID

Measurement Specs. Analysis Test Method

New EOT
Total Sulfur®, ppm 7-15 FUELS]| FUELS] D 5453
Gravity”, °API 34 -37 APIGRI| APIGRI D 4052

A Measurements are stand samples.
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