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Form 1
VERSION VA VERSON 20030416
CONDUCTED FOR

CCCCCCCCCCCrrreeeceeeeeeececceecceeeeccccece
CCCCCCCCCCrreeecceecceeeecececcececceeccecececcce

V =VALID
c = INVALID
ce NR = Non-referenf:e oil
RO = Reference oil
Test Number
Test Stand Number of Runs on Since Last Calibration Test Laboratory Run Number
CCCcCC CCcCcC
Lab Engine Number | CCCCCCCCCCCCCCCCCCCC| Total Runs on Cylinder Head | CCCCC
Lab Head Number cccececcccccceccccecccc| Lab Cam Number CCcCcceeecececececcececccccce
Date Completed | YYYYMMDD Completion Time HH:MM
01l Code ‘ ccccccccccccccccccccccccccccccecceccecce| Fuel Batch CCCCCCccccece
Formulation/Stand Code | CC-CCCCCCCCCC-C-C-CCCCCC-CC-CC-CCcccC
Alternate Codes: Cccceececececcecececce ‘ CCccceeececcececececc Cccceeececececececcece
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RR-D2-XXXX and the appropriate amendments through the Information Letter System. The remarks included in
this report describe anomalies associated with this test.
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Sequence IVA Valve Train Wear Evaluation

Form 3

Summary of Test Method
The Sequence IVA engine valve train wear test is a fired engine-dynamometer
lubricant test which evaluates the ability of a test lubricant to reduce camshaft lobe
wear. The test method is a low temperature cyclic test, with a total running duration of
100 hours.

A 1994 Nissan model KA24E water-cooled, 4 cycle, in-line cylinder, 2.4L engine
is used as the test apparatus. The engine incorporates a single overhead cam (SOHC),
three valves per cylinder (2 intake; 1 exhaust), and sliding follower valve train design.
An engine short block is utilized for 12 tests; a cylinder head assembly for 6 tests; and
the critical test parts (camshaft, rocker arms, rocker shafts) are replaced every test. A
95-minute break-in schedule is conducted whenever the long block or cylinder head is
replaced (before tests 1 and 7).

The Sequence IVA test is a flush and run type of lubricant test. Each individual
test consists of two 20-minute flushes, followed by the 100-hour cyclic test. The cyclic
test is comprised of 100 hourly cycles. Each cycle consists of two stages. The idle
speed Stage 1 duration is 50 minutes; the 1500 r/min stage 2 operates for 10 minutes.
The stages of the test cycle are set at the following conditions:

Parameter Units Stage 1 Stage 2
Duration min 50 10
Engine Speed r/min 800 1500
Engine Torque Nem 25

Coolant Out Temperature °C 50 55
Oil Cylinder Head Temperature °C 49 59
Intake Air Temperature °C 32

Intake Air Pressure kPa 0.050

Intake Air Humidity G/kg 11.5

Exhaust Pressure kPa absolute 103.5

Coolant Flow L/min 30

Fresh Air Flow SL/min 10

Upon test completion, the camshaft is removed from the engine and measured
for individual lobe wear at seven prescribed locations (nose; 14 degrees before and
after the nose; 10 degrees before and after the nose; 4 degrees before and after the
nose). For each lobe, the seven locations are summed to determine the lobe wear.
Then the twelve lobes are averaged to compute the final test result.



Sequence IVA Valve Train Wear Evaluation

Form 4
Results Summary

Laboratory: CC | Test Number: CCCCC - CCCC -

‘ Oil C Ode : CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Formulation/Stand Code: CC-CCCCCCCCCC-C-C-CCCCCC-CC-CC-CCCCC

Laboratory Oil cececececcccececeeee| Fyel Batch ccceeccece | SAE Grade CCCCCCC

Date Started YYYYMMDD Date Completed | YYYYMMDD Test Length S1234

Time Started HH:MM Time Completed | HH:MM TMC Oil Code” | CCCCCC

Lab Engine CCCCCCCCCccceeeeceeccece

Cam Lot Number | CCCCCC | Head Lot | ccceec | Rocker Arm Lot | CCCCCC
Average Camshaft Wear

Original Unit Result, um S1234.12

Transformed Result S1234.12

Industry Correction Factor S12.123

Corrected Transformed Result S12.123

Severity Adjustment (non-reference oil tests only) S12.123

Final Transformed Result S1234.12

Final Original Unit Result, pm S123.12

Additional Camshaft Lobe Wear Measurements

’ S123.12

Intake Lobe Maximum, ym
Average, um S123.12
Exhaust Lobe Maximum, um S123.12
Average, um S123.12
Maximum, pm S123.12

Nose

Average, um S123.12

Additional Information

Total Oil Consumption @ EOT, g S123456
Fuel Dilution @ EOT, % S123.12
Fuel Consumption @ EOT, kg S123.12
Fe by ICP @ EOT, ppm AAAAAA
Corrected Blowby, L/min @ hour 5 S1234.12
Corrected Blowby, L/min @ hour 100 S1234.12

Most Recent Reference Oil Test History”

Test Number Ccccce - CCcC -
Oilcode CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
Date YYYYMMDD | TMC Oil Code | ccccce

Final Average Camshaft Wear, pm | S123.12

A Reference Oil Tests Only
5 Non-reference Oil Tests Only
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Sequence IVA Valve Train Wear Evaluation

Form 7
Used Oil Analysis
Laboratory: CcC ‘ Test Number: CCCccC - CCcCcC _ ‘ Oll Code. CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCe

Formulation/Stand Code: CC-CCCCCCCCCC-C-C-CCCCCC-CC-CC-CCCCC

Chemical Analysis of 0, 25, 50, 75, & 100-hour Used Engine Oil Samples

ASTM Analysis .
Method Description Units CCC CCC CCC CCC CCC
Kinematic
S123.12 S123.12
D445 Viscosity @ 40°C et
D3525-M Fuel Dllgtlon, o,
Gasoline
%5 Cls)s Iron by ICP ppm AAAAAA AAAAAA AAAAAA AAAAAA
I(’féﬁf Copper by ICP | ppm AAAAAA AAAAAA AAAAAA AAAAAA




Form 8

Sequence IVA Valve Train Wear Evaluation

Camshaft Bore/Journal Measurements

Laboratory: CC

| Test Number: ccccc

- CCCC

‘ Oll C Ode * CCccececcceeceeececececcececcccececece

Formulation/Stand Code: CC-CCCCCCCCCC-C-C-CCCCCC-CC-CC-CCCCC

Bore Gauge Set: 33.000mm

Camshaft Bearing Bore Diameter (mm)
Diameter (Standard): 33.000 — 33.025mm

Bore X Vv Y Maximum Run-out
Number F R F R F R F R
1 S123.123 S123.123 $123.123 S123.123 $123.123 S123.123 | S123.123 $123.123
2 S123.123 S$123.123 S$123.123 | S123.123 | S123.123 S123.123 | S123.123 | S123.123
3 S123.123 S123.123 S§123.123 S123.123 $123.123 S§123.123 S123.123 S$123.123
4 S123.123 S123.123 S123.123 S123.123 S123.123 S123.123 S123.123 S123.123
5 S123.123 S$123.123 S$123.123 | S123.123 | S123.123 S123.123 | S123.123 | S123.123

Camshaft Bearing Journal Diameter (mm)
Diameter (Standard): 32.935 — 32.955mm

Clearance (Limit): 0.120mm

Bore \Y H Run-out Clearance @ V
Number F R F R F R F R
1 S123.123 | S123.123 S123.123 | S123.123 | S123.123 S§123.123 S123.123 S123.123
2 S123.123 S123.123 S123.123 | S123.123 | S123.123 S123.123 S123.123 S$123.123
3 S123.123 S123.123 S123.123 | S123.123 S123.123 S123.123 | S123.123 | S123.123
4 S123.123 S123.123 S123.123 S123.123 S123.123 S§123.123 S123.123 S123.123
5 S123.123 S123.123 S123.123 S123.123 S123.123 S123.123 S123.123 S123.123
Note: Calculate camshaft bearing clearance @ vertical bore diameter
| Camshaft End Play, mm | s123.123 | End Play (Limit): 0.20mm
| Camshaft Sprocket Run-out, mm [ S123.123 | Run-out (Limit): 0.12mm
| Camshaft Run-out (bend), mm | S123.123 | Run-out (Limit): 0.02mm
Cylinder Compression, kPa
Cylinder Number 1 2 3 4
Before Test S12345 S12345 S12345 S12345




Sequence IVA Valve Train Wear Evaluation

Form 9
Special Maintenance Record
Laboratory: CC \ Test Number:CCCCC -CCCC - \ il Code: escocoscecoccoscacaccoccacecoacoocecce

Formulation/Stand Code: CC-CCCCCCCCCC-C-C-CCCCCC-CC-CC-CCCCC

Number of Downtime Occurrences S1 |
L Date D?wn Reasons
Hours Time

CCcccce CCCCCCCC | cccecce CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe

Cccccee CCCCCCCC | CCCCCC | €ceececeeeccCeccCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCT

CCCccce CCCCCcCCC | cceece CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe

Cccccecece CCCCCCCC | CCCCCC | cceceeeeeccccCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

CCCcCccC CCCCCCCC | cccececece CCCCCCCCCCCCrrrreeeceeeeeeeeceecceeceeceecceeccecceccecccececcce

CCCcCcCcC CCccceecece | ccececece CCCCCCCCCCCCCCCrrCereeeceeceeeeereereeeeeeeecceccceecceccecce

CCCcCcCcC CCccceee | ccececee CCCCCCCCCCCCrrCrreeeceeeeeeeeecceeceeccecceccecceccecccececcce

CCCcCcCC CCCCCCCC | cccececce CCCCCCCCCCCCCCCrCreeeceeceeeeereereeeeeeeecceccceecceccecce

CCCCcCC CCCCcCCCC | cccececce CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe

CCCCCC CCCCCcCcCC | cccececce CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe

CCccccC CCCCCcCCC | cccececc CCCCCCCCCCCCrrrrreerceeceeeeeeeeceeceeececceccecceccecccececcce

CCcCccCc CCCCCcCCC | ccceecece CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe

CCcccc CCcCcceece | cccececece CCCCCCCCCCCCrrCrreereeeeeeeeeeeeeeeceeececceccecceccececececce

CCCcCcCC CCCCCCcCC | ccccecec CCCCCCCCCCrrrreeeeeceeceeceeceeceeeceeeceececceeccccecccececceccce

CCcCcCcCC CCCcCccCcCcC | cccecece CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

HHH:MM | Total Downtime

Other Comments

Number of Comment Lines Sl

CCCCCCCCCCCCCCrrLeeeeereeeceeeeceeceeeececceeeececeeeeccececcecce
CCCCCCCCCCCCCCrrLeeeeereeeceeeeceeceeeeeeceececeecceeeeccececececce
CCCCCCCCCCCCrrrreeeeeeeeceeececcceceecceeccecceecceeccccececcececcece
CCCCCCCCCCCCCCrrLeeeeereeeceeeeeeeceereeeeeeeeeceeceeecceccececce
CCCCCCCCCCCCCrrrLeeeeereeeceeeeceeceeeeceeeeeceeceeeeeececececececce
CCCCCCCCCCCCCCrrLeeeeereeeceeeceeecceeeceecceecceceeeecceccecce
CCCCCCCCCCCCrrrreeeeeeeeceeeceecceeceecceecceceececceccecceccecccce
CCCCCCCCCCCCCCrrCLeeeeereeeceeeeceeceeeeeeeeeecceeceeeeccececececce
CCCCCCCCCCCCrrrreeeeeeeeceeeceeceeceecceecceccecceccecccececccceccce
CCCCCCCCCCCCrrrreeeeeeceeeceeeeeceeceeeceececeececeeeeececcececececce
CCCCCCCCCCCCrrrreeeeeeeeceeecceecceceeceececceccceecccceccececcce
CCCCCCCCCCCCCrrrLeeeeereeeceeececeeceeeeececeeececeeeecceecececce
CCCCCCCCCCCCrrrreeeeeececeeeceecceceeceecceccecceeccceccceccecce
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcceceeeceeececece
CCCCCCCCCCCCCCrrreeeeerreeeeeeeeceeeceeeeceeceeeceecceeeccceccce




Sequence IVA Valve Train Wear Evaluation

Form 9A

Special Maintenance Record

Laboratory: CC

\ Test Number: CCCCC

- cccc -

‘ Oll Code~ €0CCCCOCCCCCOoCCCCeecCCoecCoCeeCoeeeet

Formulation/Stand Code: CC-CCCCCCCCCC-C-C-CCCCCC-CC-CC-CCCCC

Number of Downtime Occurrences | SL |
e Date D?wn Reasons
Hours Time
CCCCCC CCCCCCCC | CCCCCC |cceetectttCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |ccceececece CCCCCC |CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |ccceeece | CCCCCC  |ceeccttCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |CCCCCCCC | CCCCCC  |ceceeetttCttCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |CCCCCCCC | CCCCCC |cccccctctCttCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |CCCCCCCC | CCCCCC |CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |CCCCCCCC | CCCCCC |CCCCctCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |CCCCCCCC | CCCCCC |cccecctttCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |ccccecececce | CCCCCC |cCeCtCtCtCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCC |CCCCCCCC | CCCCCC |CCcCctccCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |CCCCCCCC | CCCCCC |CCCeettctCtCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCC |CCCCCCCC | CCCCCC |CCeCctCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |cceeeeee | CCCCCC  |cceCttCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |cceeecee | CCCCCC  |ceeeeeetttttCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCcCcCC CCCCCCCC | CCCCCC |CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCee
HHH:MM | Total Downtime
Other Comments
Number of Comment Lines S1

CCCCCCCCCCCCCCCCCCCCLCCrrrrereceeceeceeeececceccceceececeeccecce
CCCCCCCCCCCCCCCCCCCCLCCrrrreereeeeceececeececcceecccecceceeccecece
CCCCCCCCCCCCCCCCCCCCLCCrrrreeeeeeceececeececcceccceececeeccecce
CCCCCCCCCCCCCCCCCCCCLCCrrrrereeeeceecececcecccccccceceeceeccecce
CCCCCCCCCCCCCCCCCCCCLCCrrrreereceececceececeeceecceeccecceceeccecce
CCCCCCCCCCCCCrrreeeeeeeeeeeeeeeeceeceeceeeceeceeeceecceecececcecce
CCCCCCCCCCCCCrrreeeeeeeeeeeeeeeeceeceeeeeeceeceeeccecceecececcecce
CCCCCCCCCCCCCCLCCCrerereereeeeececeeeeececcceccceeeceececececececececececce
CCCCCCCCCCCCCCLCCCrererrereeeeecceeeeececececceecececcecececececececececce
CCCCCCCCCCCCCCLCCCrererrerreeeeeeeeeeceecceceecceccecececececececececce
CCCCCCCCCCCCCCrCCCrererrerreeeeeceeeeeceecceeccceeeececececececececececc
CCCCCCCCCCCCCCCCCrererrereeeeeceeeeeeeecccccecceeeceeccecececececececececc
CCCCCCCCCCCCCCrCCCrererrerreeeeeceeeeceecceccecececeeeeececececececececececce
CCCCCCCCCCCCCCCCCrererreerreeeeceeeeceeccececcceceeeeececececececcececececc
CCCCCCCCCCCCCCCCrrerrrrrrreeeeeecceeccecccecccccceeccecececececececcc




Sequence IVA Valve Train Wear Evaluation

Form 9B
Special Maintenance Record
Laboratory' CcC ‘ Test Numbeln CCcCccC - CCcCcC _ ‘ Oll Code~ €00CCCOCCCCCOoCCCOoecCCCcCCoecCceeecet

Formulation/Stand Code: CC-CCCCCCCCCC-C-C-CCCCCC-CC-CC-CCCCC

Number of Downtime Occurrences | SL |

e Date D?wn Reasons

Hours Time
CCcCcCcCcC CCCCCCCC | CCCCCC | €ceeectCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCC | CCCCCCCC|CCCCCC | ceeeeeeecttttCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCC | CCCCCCCC| CCCCCC | €ceeeecettCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC | CCCCCCCC|CCCCCC | creeeeeteCCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC |CCCCCCCC | CCCCCC | ceeeeeeeetttCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC | CCCCCCCC | CCCCCC | CCCCeettcCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCC | CCCCCCCC | CCCCCC | ceeeeeeeccCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCccccec CCCCCCCC| CCCCCC | cceeeetttCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCC |CCCCCCCC| CCCCCC | €Lttt tCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCcCcC CCCCCCCC/| CCCCCC | cceetettCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCC | CCCCCCCC| CCCCCC | creeeeeeettCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCC | CCCCCCCC | CCCCCC | creeeeeettCttCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCcCccCC CCCCCCCC | CCCCCC | cceeetttCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCcCcCcC CCCCCCCC | CCCCCC | £ttt CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeee
CCCCCC | CCCCCCCC | CCCCCC | €CeeeettCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

HHH:MM | Total Downtime

Other Comments

Number of Comment Lines

S1

CCCCCCCCCCCCCCCrrreeeeeeeeeeeeeeeceeeeceeccecceccecceceeecececececec
CCCCCCCCCCCCCCCCCCCCCCCCrreeeeeeeeeeeeecceecececceeeeeeeccccececcce
CCCCCCCCCCCCCCCCCCCCCCrrrreeeeeeceeeeeccceceeceeeeececcceccececce
CCCCCCCCCCCCCCCCCCCCCeeeeeeccereeceeeceeeeeececceccecececececececece
CCCCCCCCCCCCCCCCCCCCCCCCrreeeeeeeeeeeeccecceeceeeeecccecceccce
CCCCCCCCCCCCCCCCCCCCCCrrrreeeeeeeeeeeeeccceceeeeeeeecececcececcecce
CCCCCCCCCCCCCCCCCCCLeeeeeeeceereeeceeeceeeecececceccecceecccecececcece
CCCCCCCCCCCCCCCCCCCCCCCCrreeeeeeeeeeeeceeceececeeeeeecceecceccece
CCCCCCCCCCCCCCCCCrreeeeeeeeeeereeeceeeceeceeccecceeccecececececececcce
CCCCCCCCCCCCCCCCCCCCeeeeeeeeeereeceeeceeeceeeeecceeccececececececcece
CCCCCCCCCCCCCCCCCCCCCCCCrCrreeeeeeeeeeeeccecceeeeeeeecceeccececce
CCCCCCCCCCCCCCCCCrCrCCeeeeeeeecereeeceeeceeceecceccecceccececececececce
CCCCCCCCCCCCCCCCCCCCCeeeeeeeeereeceeeeeceeeeecceccecceecececececcece
CCCCCCCCCCCCLCCrCCCCCeeeererreeeeeeeeeeeeececceceeeeeeccececcce
CCCCCCCCCCCCCrrrrreeeceeeeeeeeeeeeeeeceeceeccecceceeccececcececcece
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