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Sequence VH Sludge and Varnish Deposit Test

Form 3

Summary of Test Method

The Sequence VH engine sludge and varnish deposit test is a fired engine-dynamometer
test which evaluates the ability of a lubricant to minimize the formation of sludge and varnish
deposits. This test method is a cyclic test, with a total running duration of 180 hours.

The test engine is a Ford 4.6L, spark ignition, four stroke, eight cylinder “V”
configuration engine. Features of this engine include dual overhead camshafts, a cross-flow fast
burn cylinder head design, two valves per cylinder and electronic port fuel injection. A 90
minute break-in schedule is conducted prior to each test, since a new engine build is used for

each test.

The Sequence VH test requires a new engine for each test. Each test is run for 216
hours, consisting of 54 cycles of 4 hours each. Each cycle consists of 3 stages. The stages of
the test cycle are set at the following conditions:

Condition Stage I Stage 11 Stage I11
Duration, minutes 120 75 45
Engine Speed, r/min 1200 2900 700
Engine Power, kW Record Record 1.10 - 1.50
Manifold Abs Press, kPa (abs) 69 66 Record
Engine Oil In, °C 68 100 45
Engine Coolant Out, °C 57 85 45
Engine Coolant Flow, L/min 48 Record Record
Engine Coolant Pressure, kPa (gauge) 70 70 70
RAC Coolant In, °C 29 85 29
Rocker Cover Flow, L/min 15 15 15
Intake Air, °C 30 30 30
Intake Air, Press, kPa (gauge) 0.05 0.05 0.05
Exhaust Gas Analysis, Lambda 1.0 1.0 0.75
Blowby Flow Rate AVH, L/min Record 60-70 | @ --—--
Air/Fuel Ratio Stoichmetric Stoichmetric 11.5:1
Intake Air Humidity, g/kg 114 114 11.4
Exhaust Back Pressure, kPa abs 104 107 Record
Fuel Flow, kg/h Record Record Record

Upon test completion, the engine is disassembled and rated for sludge and varnish.
Average Engine Sludge and Average Engine Varnish are calculated.



Sequence

VH

Form 4
Test Result Summary

Non-Reference & Reference Qil Tests

Laboratory: LAB

| Stand: STAND

\ Stand Runs: STRUN

\ Total Runs on Stand: TOTSRUN

Oilcode: OILCODE

Formulation/Stand Code: FORM

Date Started: DTSTRT

Time Started: STRTTIME

SAE Viscosity: SAEVISC

Date Complete: DTCOMP

Time Complete: EOTTIME

Lab Engine Number: ENGINE

Test Length: TESTLEN

Fuel Batch: FUELBTID

Number of Valid Tests Since Stand Calibration * CALCOUNT

Industry Oil Code: IND

Nominal Piston Oversize: NOMPISO

Critical Parameters

A Non-Reference Tests Only, includes current test if valid.

B Industry correction factors can be found in Section 13 of Test Method D8256

Average | Rocker | Average Average Oil Screen | Number of
Engine Cover Engine | Piston Skirt Sludge, Hot Stuck
Sludge, Sludge, | Varnish, Varnish, % Area Rings
Merits Merits Merits Merits
Original Result AES RACS AEV50 APVS50 OSCRNSLG NHSCMPRG
Transformed Result TRANRACS TRANOSCR
Industry Correction Factor® AESCF TRACSCF | AEVS50CF APV50CF TOSCRCF NHSRCF
Corrected Transformed Result TRACSCOR TOSCRCOR
Severity Adjustment AESSA | TRACSSA | AEV50SA | APV50SA TOSCRSA NHSRSA
Final Transformed Result TRACSFNL TOSCRFNL
Final Original Unit Result AESFNL | RACSFNL | AEVS0FNLL APVS0FNL OSCRFNL NHSRFNL
Clogging Information Additional Information
Oil Screen Debris, % Area OSCRNDEB Number of Cold Stuck Rings NCSCMPRG
Oil Ring Clogging, % Area OILRING Average Blowby Stage II, L/min ACBLWRT2
PCV Valve @ 25 kPa, % PCV25 Oil Consumption, grams TOILCONS
PCV Valve @ 60 kPa, % PCV60




Sequence VH
Form 5
Test Result Summary
Non-Reference & Reference Oil Tests

Laboratory: LAB | Stand: STAND | Stand Runs: STRUN | Total Runs on Stand: TOTSRUN

Oilcode: OILCODE

Formulation/Stand Code: FORM

| Date Completed: DTCOMP | Time Completed :  EOTTIME
Sludge Deposits
Area Merit
Rocker Arm Cover, Left RACLSRT
Rocker Arm Cover, Right RACRSRT
Camshaft Baffle, Left CAMBLSRT Varnish Deposits
Camshaft Baffle, Right CAMBRSRT Area Merit
Timing Chain Cover TCCSRT Piston Skirt, Thrust APV50
Oil Pan Baffle OILPBSRT Cam Baffle, Left CAMBLVRT
Oil Pan OILPNSRT Cam Baffle, Right CAMBRVRT
Valve Deck Area, Left VLVDLSRT Average Engine Varnish AEV50
Valve Deck Area, Right VLVDRSRT
Average Engine Sludge AES

Piston Varnish Deposits, Thrust Side,

50% Rating Method

Piston Number Merit

1 PSVT150

2 PSVT250

3 PSVT350

4 PSVT450

5 PSVT550

6 PSVT650

7 PSVT750

8 PSVT850
Average APV50




Sequence VH
Form 6
Operational Summary

Laboratory: LAB

| Stand: STAND

| Stand Runs: STRUN

| Total Runs on Stand: TOTSRUN

Oilcode: OILCODE

Formulation/Stand Code: FORM

Lambda, Left Bank

Fuel Flow

Fuel Rail °C
Blowby L/min
Power

Non-controlled

Lambda, Right Bank

AFR

Record

Record

Record

AFUELRTI

AFUELRT?2

AFUELRT3

Record | Record
Record 60-70
Record | Record

Record

LLAMBDA

AFUELTI

AFUELT?2

LLAMBDA

AFUELT3

LLAMBDA

1.0

1.0

0.75

RLAMBDA

RLAMBDA

RLAMBDA

Speed r/min 0.000 | ORPM | 1200 2900 700 ARPM1 ARPM?2 ARPM3 ORPM
E Manifold Abs Press kPa 0.000 |OMAN 69 66 Record | AMANABF| AMANABF| AMANABFE OMAP
° Engine Oil, In °C 0.000 QENG( 68 100 45 AENGOINI1| AENGOINZ| AENGOIN: OEOIN
§ Engine Coolant, Out °C 0.000 QCOL( 57 85 45 ACOLOUT | ACOLOUT | ACOLOUT OCOouUT
5 | Engine Coolant Flow | L/min 0.000 | QCOLF 48 Record | Record | ACOLFRTI| ACOLFRT:| ACOLFRT: OCFRT
: Engine Coolant Pressure | kPa 0.000 OCOLF 70 70 70 ACOLPREI| ACOLPREZ| ACOLPRE: OCPRE
2 RAC Coolant, In °C 0.000 QRAC( 29 85 29 ARACCTPI]| ARACCTPZ| ARACCTP: ORACC
E RAC Flow L/min 0.000 QRAC( 15 15 15 ARACCFR | ARACCFR!| ARACCEFR! ORACF
E Intake Air °C 0.000 OINAII 30 30 30 AINAIRT1 | AINAIRT2 | AINAIRT3 OINAT
S | Intake Air Pressure | kPa | 0.000 | OINAL| 0.05 0.05 0.05 | AINAIRP1 | AINAIRP2 | AINAIRP3 OINAP

Intake Air Humidity g/kg 0.000 |OAIRH| 114 11.4 11.4 | AAIRHUM | AAIRHUM | AAIRHUM. OAHUM

Exhaust Backpressure | kPa 0.000 104 107 Record | AEXBKPR:| AEXBKPR.| AEXBKPR!




Sequence VH
Form 7
Oil Addition Record & Blowby Rates
Non-Reference & Reference Oil Tests

Laboratory: LAB | Stand: STAND | Stand Runs: STRUN | Total Runs on Stand: TOTSRUN

Oilcode;: OILCODE

Formulation/Stand Code: FORM

Cycle Test Hour Oil Added, g Oil Consumed, g
CYC_R006 TSC_R006 OILAR006 OILCR006
CYC RO12 TSC RO12 OILARO12 OILCRO12
CYC RO18 TSC RO18 OILARO18 OILCRO18
CYC_R024 TSC_R024 OILAR024 OILCR024
CYC_R030 TSC_R030 OILAR030 OILCR030
CYC_R036 TSC_R036 OILARO036 OILCR036
CYC R042 TSC_R042 OILAR042 OILCR042
CYC R048 TSC_R048 OILAR048 OILCR048
CYC_R054 TSC R054 OILCRO54

Total, g TOILADD TOILCONS
Stage 11

Test Hours Blowby, L/min
TSBBRK BLBYBRK
TSB_H023 BLBYHO023
TSB_H047 BLBYHO047
TSB_HO71 BLBYHO071
TSB_H095 BLBYHO095
TSB_HI119 BLBYHI119
TSB_H143 BLBYH143
TSB_HI167 BLBYHI167
TSB_HI191 BLBYHI191
TSB_H215 BLBYH215
Maximum XCBLWRT2
Minimum MCBLWRT?2
Average Blowby, Hours 23 - 119 ABLW2120
Average ACBLWRT2




Sequence VH

Form 8

Analysis of Oil & Hardware Information

Laboratory: LAB

| Stand:

STAND

\ Stand Runs: STRUN

| Total Runs on Stand: TOTSRUN

Oilcode: OILCODE

Formulation/Stand Code: FORM

Fuel Pentane Vis. @| Vis. @
Test Ag, Al, Cr, Cu, Fe, Pb, Si, Sn, |Dilution |Insolubles,| TBN | 40°C, | 100°C,
Hours ppm | ppm | ppm | ppm | ppm | Ppm | ppm | ppm | by GC, | Wt.% [D47394 cSt cSt
Wt.% | D893B* D445 | D445
D3525
TSTNEW | AGWM|ALWM|CRWM| CUWM| FEWM| PBWM| SIWMN SNWM TBNNE V40NE| VIOONEW
TST H024 | AGWM| ALWM|CRWM|CUWM|FEWMI PBWM |SIWME| SNWM|FUELHOZ TBN_H| V40_H( V100H024
TST H048 |AGWM ALWM|CRWM|CUWM|FEWM | PBWM | SIWME SNWM| FUELHO4 PEN_H048 | TBN_H| V40 _H( V100H048
TST H072 |AGWM| ALWM|CRWM|CUWM|FEWMJ| PBWM| SIWME SNWM| FUELHO7 TBN_H| V40 _H( V100H072
TST H096 |AGWM ALWM|CRWM|CUWM|FEWMI| PBWM|SIWME SNWM| FUELHOS| PEN_H096 | TBN_H| V40 H( V100H096
TST H120 |AGWM| ALWM|CRWM|CUWM| FEWM|PBWM| SIWME SNWM| FUELH12 TBN _H| V40 H| VI00H120
TST H144 |AGWM|ALWM|CRWM|CUWM| FEWM| PBWM | SIWME SNWM|FUELHI14 PEN _H144 | TBN _H| V40 H| V1I00H144
TST H168 |AGWM ALWM|CRWM|CUWM| FEWM | PBWM|| SIWME SNWM | FUELH1¢ TBN H| V40 H| VIO0H168
TST H192 | AGWM ALWM|CRWM|CUWM| FEWM | PBWM|SIWME SNWM| FUELH1¢| PEN H192 | TBN_H| V40 H| V100H192
TST H216 |AGWM ALWM|CRWM|CUWM| FEWM PBWM|| SIWME SNWM| FUELH21) PEN _H216 | TBN_H| V40 H V100H216
A Analyses not required by Test Method
Hardware Information
Engine Build Date ENGBDATE
Block Serial Number ENGINE
Left Cam Serial Number CAMSNL
Right Cam Serial Number CAMSNR
Cylinder Head Serial Number, Left HEADSNL
Cylinder Head Serial Number, Right HEADSNR
Runs on Block BLOCKRUN
Runs on Left Head HEADRUNL
Runs on Right Head HEADRUNR
Runs on Left Cam CAMRUNL
Runs on Right Cam CAMRUNR




Sequence VH

Form 9
Build Data Information
Lab [LAB 0Oil Code OILCODE
Stand [STAND Test No. TESTNUM
Formulation Stand Code FORM

Cylinder Bore Measurements (mm)
Cylinder Transverse | Longitudinal
Top | Middle | Bottom | Taper | Top | Middle | Bottom | Taper Out of | Piston to
Round Bore
1 C1BD|C1BDMT| C1BDBT | C1BDT.|C1BD| C1BDML| C1BDBL | CIBDTAPL| CIBDOR C1BDPB
2 C2BD|C2BDMT | C2BDBT | C2BDT.|C2BD| C2BDML| C2BDBL | C2BDTAPL| C2BDOR C2BDPB
3 C3BD|C3BDMT| C3BDBT | C3BDT.[C3BD| C3BDML| C3BDBL | C3BDTAPL| C3BDOR C3BDPB
4 C4BD| C4BDMT | C4BDBT | C4ABDT.|C4BD| C4BDML| C4BDBL | C4BDTAPL| C4BDOR C4BDPB
5 C5BD|C5BDMT | C5BDBT | C5BDT.|C5BD| CSBDML| C5BDBL | CSBDTAPL| C5BDOR C5BDPB
6 C6BD| C6BDMT| C6BDBT | C6BDT.[C6BD| C6BDML| C6BDBL | C6BDTAPL| C6BDOR C6BDPB
7 C7BD|C7BDMT| C7BDBT | C7BDT.|C7BD| C7BDML| C7BDBL | C7BDTAPL| C7BDOR C7BDPB
8 C8BD|C8BDMT| C8BDBT | C8BDT.[C8BD| C8BDML| C8BDBL | CSBDTAPL| C8BDOR C8BDPB
AVG CAVTAPL | CAVBDOR | CAVBDPB
Cylinder Surface Finish Measurements
Cylinder | Ra (pin) - Rpk Rvk . Crev
Rk (pin) . . Rz (nin) | Mr2 (%) Vol.
(uin) | (uin) (win)
1 CISFRA CISFRK CISFRPK | CISFRVK CI1SFRZ CISFMR2 | C1SFCRV
2 C2SFRA C2SFRK C2SFRPK | C2SFRVK C2SFRZ C2SFMR2 | C2SFCRV
3 C3SFRA C3SFRK C3SFRPK | C3SFRVK C3SFRZ C3SFMR2 | C3SFCRV
4 CASFRA C4SFRK C4SFRPK | C4SFRVK CASFRZ C4SFMR2 | C4ASFCRV
5 C5SFRA C5SFRK C5SFRPK | C5SFRVK C5SFRZ C5SFMR2 | C5SFCRV
6 C6SFRA C6SFRK C6SFRPK | C6SFRVK C6SFRZ C6SFMR2 | C6SFCRV
7 C7SFRA C7SFRK C7SFRPK | C7SFRVK C7SFRZ C7SFMR2 | C7SFCRV
8 C8SFRA C8SFRK C8SFRPK | C8SFRVK C8SFRZ C8SFMR2 | C8SFCRV
AVG CAVSFRA | CAVSFRK | CAVSFRPK|CAVSFRVK| CAVSFRZ | CAVSFMRZ| CAVSFCR
Piston Measurements (mm)
1 2 3 4 5 6 7 8
P1§t0n PISD1 PISD2 PISD3 PISD4 PISDS PISD6 PISD7 PISD8
Diameter(mm)
Piston Ring End Gap (inches)
1 2 3 4 5 6 7 8
Top Ring Pre-Test [CIRGTPR]| C2RGTPR|C3RGTPR{C4RGTPR| CSRGTPR|C6RGTPR|C7RGTPR|C8RGTP
ond Ring Pre-Test |C1RGSPRI| C2RGSPR|C3RGSPR|C4RGSPR] CSRGSPR|C6RGSPR]C7RGSPR] C8RGSP.




Sequence VH
Form 10

Downtime Occurrences and Other Comments

Laboratory: LAB

| Stand: STAND

\ Stand Runs: STRUN

\ Total Runs on Stand: TOTSRUN

Oilcode: OILCODE

Formulation/Stand Code: FORM

Number of Downtime Occurrences DWNOCR _
Test
Hours Date Downtime Reasons

DOWNROO1 | DDATR001 | DTIMROO1 | DREARO001

DOWNRO002 | DDATR002 | DTIMR002 | DREARO002

DOWNRO003 | DDATR003 | DTIMRO003 | DREAR003

DOWNRO004 | DDATR004 | DTIMR004 | DREAR004

DOWNRO005 | DDATRO005 | DTIMRO0O5 | DREARO0O5

DOWNRO006 | DDATR006 | DTIMRO006 | DREAR006

DOWNRO007 | DDATR007 | DTIMRO007 | DREAR007

DOWNRO008 | DDATR008 | DTIMRO0O08 | DREAR008

DOWNRO009 | DDATR009 | DTIMRO009 | DREAR009

DOWNRO10 | DDATRO010 | DTIMRO10 | DREARO10

DOWNROI11 | DDATRO11 | DTIMRO11 |DREARO11

DOWNRO12 | DDATRO012 | DTIMRO12 | DREAROI12

DOWNRO13 | DDATRO013 | DTIMRO13 | DREAROI3

DOWNRO14 | DDATRO014 | DTIMRO14 | DREARO14

DOWNRO15 | DDATRO015 | DTIMRO15 | DREAROI1S

TOTLDOWN

Other Comments

Number of Comment Lines

TOTCOM

OCOMRO001

OCOMRO002

OCOMRO003

OCOMRO004

OCOMRO005

OCOMRO006

OCOMRO07

OCOMRO008

OCOMRO009

OCOMRO10

OCOMRO11

OCOMRO12

OCOMRO13

OCOMRO14

OCOMRO15




Sequence VH

Form 10A
Downtime Occurrences and Other Comments

Laboratory: LAB

| Stand: STAND

| Stand Runs: STRUN

\ Total Runs on Stand: TOTSRUN

Oilcode: OILCODE

Formulation/Stand Code: FORM

Number of Downtime Occurrences DWNOCR _
Test
Hours Date Downtime Reasons
DOWNRO1{ DDATRO16 DTIMRO16 |DREARO16
DOWNRO1| DDATRO17 DTIMRO17 | DREARO17
DOWNRO1{ DDATRO018 DTIMRO018 | DREARO18
DOWNRO1Y{ DDATRO019 DTIMRO019 | DREARO19
DOWNRO2( DDATRO020 DTIMRO020 | DREAR020
DOWNRO2| DDATRO021 DTIMRO021 |DREARO021
DOWNRO02:! DDATRO022 DTIMRO022 | DREAR022
DOWNRO02| DDATR023 DTIMRO023 | DREARO023
DOWNRO02{ DDATR024 DTIMRO024 | DREAR024
DOWNRO2| DDATRO025 DTIMRO025 | DREARO025
DOWNRO2( DDATRO026 DTIMRO026 | DREARO026
DOWNRO02| DDATRO027 DTIMRO027 | DREARO027
DOWNRO02{ DDATRO028 DTIMRO028 | DREAR028
DOWNRO02¢{ DDATRO029 DTIMRO029 | DREARO029
DOWNRO3( DDATRO030 DTIMRO030 | DREARO030

TOTLDOWN

Other Comments

Number of Comment Lines

TOTCOM

OCOMRO16

OCOMRO17

OCOMRO18

OCOMRO19

OCOMRO020

OCOMRO021

OCOMRO022

OCOMRO023

OCOMRO024

OCOMRO025

OCOMRO026

OCOMRO027

OCOMRO028

OCOMRO029

OCOMRO030




Sequence VH
Form 10B

Downtime Occurrences and Other Comments

Laboratory: LAB | Stand: STAND

\ Stand Runs: STRUN

\ Total Runs on Stand: TOTSRUN

Qilcode; OILCODE

Formulation/Stand Code: FORM

Number of Downtime Occurrences DWNOCR _
Test
Hours Date Downtime Reasons
DOWNRO3 DDATRO031 DTIMRO031 |DREARO031
DOWNRO3:; DDATRO032 DTIMRO032 |DREARO032
DOWNRO03| DDATRO033 DTIMRO033 |DREARO033
DOWNRO3¢{ DDATRO034 DTIMRO034 |DREARO034
DOWNRO3;| DDATRO035 DTIMRO035 | DREARO035
DOWNRO3( DDATRO036 DTIMRO036 |DREARO036
DOWNRO3'| DDATRO037 DTIMRO037 | DREARO037
DOWNRO3i{ DDATRO038 DTIMRO038 |DREARO038
DOWNRO3Y{ DDATRO039 DTIMRO039 |DREARO039
DOWNRO4( DDATR040 DTIMR040 |DREAR040
DOWNRO04 DDATRO041 DTIMRO041 | DREARO041
DOWNRO4| DDATRO042 DTIMRO042 | DREARO042
DOWNRO4. DDATRO043 DTIMRO043 | DREARO043
DOWNRO04{ DDATRO044 DTIMR044 | DREAR044
DOWNRO04; DDATRO045 DTIMRO045 | DREARO045

Other Comments

Number of Comment Lines

TOTCOM

OCOMRO31

OCOMRO032

OCOMRO033

OCOMRO034

OCOMRO35

OCOMRO36

OCOMRO037

OCOMRO038

OCOMRO039

OCOMRO040

OCOMRO041

OCOMRO042

OCOMRO043

OCOMRO044

OCOMRO045




Sequence VH
Form 11
American Chemistry Council Code Of Practice
Test Laboratory Conformance Statement

Test Laboratory SUBLAB
Test Sponsor TSTSPON1
Formulation / Stand Code FORM
Test Number TESTNUM
Start Date | DTSTRT | Start Time | STRTTIME | Time Zone |TZONE
No. 1 All requirements of the ACC Code of Practice for which the test laboratory is responsible

No. 2

No 3.

were met in the conduct of this test. Yes YESRQMI  No NORQME*

The laboratory ran this test for the full duration following all procedural requirements;
and all operational validity requirements of the latest version of the applicable test
procedure (ASTM or other), including all updates issued by the organization responsible
for the test, were met.

Yes YESFULL No NOFULL *

If the response to this Declaration is “No”, does the test engineer consider the deviations

from operational validity requirements that occurred to be beyond the control of the
laboratory? Yes YESNODE* No NONODEC

A deviation occurred for one of the test parameters identified by the organization
responsible for the test as being a special case. Yes YESDEV * No NODEV  (This

currently applies only to specific deviations identified in the ASTM Information Letter
System)

Check the Appropriate Conclusion

INCLUDE

Operational review of this test indicates that the results should be included in the
Multiple Test Acceptance Criteria calculations.

DONOTINC

*Operational review of this test indicates that the results should not be included in the
Multiple Test Acceptance Criteria calculations.

Note: Supporting comments are required for all responses identified with an asterisk.

Comments

ACCCOMMI1

ACCCOMM2

ACCCOMM3

ACCCOMM4

SUBSIGIM

SUBDATE

Signature

SUBNAME

Date

SUBTITLE

Typed Name

Title
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