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This standard is issued under the fixed designation DXXXX; the number immediately following the designation indicates the year of original adoption or, in 
the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript epsilon (ε) indicates an editorial 
change since the last revision or reapproval.  
 

INTRODUCTION 
 
Portions of this test method are written for use by laboratories that make use of ASTM Test Monitoring Center (TMC 2) 
services (see Annex A1).  
 
The TMC provides reference oils, and engineering and statistical services to laboratories that desire to produce test results that 
are statistically similar to those produced by laboratories previously calibrated by the TMC.  
 
In general, the Test Purchaser decides if a calibrated test stand is to be used. Organizations such as the American Chemistry 
Council require that a laboratory use the TMC services as part of their test registration process. In addition, the American 
Petroleum Institute and the Gear Lubricant Review Committee of the Lubricant Review Institute (SAE International) require 
that a laboratory use the TMC services in seeking qualification of oils against their specifications. 
 
The advantage of using the TMC services to calibrate test stands is that the test laboratory (and hence the Test Purchaser) has 
an assurance that the test stand was operating at the proper level of test severity. It should also be borne in mind that results 
obtained in a non calibrated test stand may not be the same as those obtained in a test stand participating in the ASTM TMC 
services process. 
 
Laboratories that choose not to use the TMC services may simply disregard these portions. 
 
1. Scope 

1.1  This test method is commonly referred to as the Sequence VH3 test, and it has been correlated with the Sequence VG 
test. The Sequence VG test was previously correlated with vehicles used in stop-and-go service prior to 1996, particularly 
with regard to sludge and varnish formation4. It is one of the test methods required to evaluate oils intended to satisfy the API 
SL performance category. 

1.2  The values stated in SI units are to be regarded as the standard. No other units of measurement are included in this 
standard.  

                                                 
1

This test method is under the jurisdiction of ASTM Committee D02 on Petroleum Products, Liquid Fuels, and Lubricants   and is the direct responsibility of 
Subcommittee D02.B0.01 on Passenger Car Engine Oils. 
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ASTM Test Monitoring Center, 6555 Penn Avenue, Pittsburgh, PA 15206-4489. www.astmtmc.cmu.edu. 
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Until the next revision of this test method, the ASTM Test Monitoring Center will update changes in the test method by means of information letters. 
Information letters may be obtained from the ASTM Test Monitoring Center, 6555 Penn Ave., 
Pittsburgh, PA 15206-4489. Attention: Administrator. This edition incorporates revisions in all information Letters through No.__  
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Supporting data have been filed at ASTM International Headquarters and may be obtained by requesting Research Report RR:D02-1472. 



1.2.1  Exception—Where there is no direct SI equivalent such as screw threads, national pipe threads/diameters, tubing size, 
or specified single source equipment. 

1.3  This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appropriate safety and health practices and determine the applicability 
of regulatory limitations prior to use. Specific hazard statements are given in 7.7, 7.7.3, 7.7.4, 7.7.5, 8.3.4.2, 8.4.4.3, 9.2.6, 
9.3.4.5, 12.1.1.7, 12.2.1.4, A5.3.4 and A5.3.5. 
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2.  Referenced Documents  
 

2.1  ASTM Standards: 5 

D86  Test Method for Distillation of Petroleum Products at Atmospheric Pressure 

D235  Specification for Mineral Spirits (Petroleum Spirits) (Hydrocarbon Dry Cleaning Solvent) 

D287  Test Method for API Gravity of Crude Petroleum and Petroleum Products (Hydrometer Method) 

D323  Test Method for Vapor Pressure of Petroleum Products (Reid Method) 

D381  Test Method for Gum Content in Fuels by Jet Evaporation 

D445  Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (and Calculation of Dynamic Viscosity) 

D525  Test Method for Oxidation Stability of Gasoline (Induction Period Method) 

D873  Test Method for Oxidation Stability of Aviation Fuels (Potential Residue Method) 

D1266  Test Method for Sulfur in Petroleum Products (Lamp Method) 

D1298  Test Method for Density, Relative Density, or API Gravity of Crude Petroleum and Liquid Petroleum Products 
by Hydrometer Method 

D2622  Test Method for Sulfur in Petroleum Products by Wavelength Dispersive X-ray Fluorescence Spectrometry 

D2789  Test Method for Hydrocarbon Types in Low Olefinic Gasoline by Mass Spectrometry 

D3237  Test Method for Lead in Gasoline by Atomic Absorption Spectroscopy 

D3525  Test Method for Gasoline Diluent in Used Gasoline Engine Oils by Gas Chromatography 

D4057  Practice for Manual Sampling of Petroleum and Petroleum Products 

D4175  Terminology Relating to Petroleum, Petroleum Products, and Lubricants 

D4294  Test Method for Sulfur in Petroleum and Petroleum Products by Energy Dispersive X-ray Fluorescence 
Spectrometry 

D4485  Specification for Performance of Active API Service Category Engine Oils 

D5059  Test Methods for Lead in Gasoline by X-Ray Spectroscopy 

D5185  Test Method for Multielement Determination of Used and Unused Lubricating Oils and Base Oils by Inductively 
Coupled Plasma Atomic Emission Spectrometry (ICP-AES) 

D6304  Test Method for Determination of Water in Petroleum Products, Lubricating Oils, and Additives by Coulometric 
Karl Fischer Titration 

2.2  ANSI Standard6  

ANSI MC96.1  Temperature Measurement-Thermocouples  

2.3  Other ASTM Documents: 

ASTM Deposit Rating Manual 20   (Formerly CRC Manual 20) 7 

3.  Terminology  

 
3.1  Definitions: 

                                                 
5 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For  Annual Book of 
ASTM Standards volume information, refer to the standard's Document Summary page on the ASTM website. 

 
6 Available from American National Standards Institute (ANSI), 25 W. 43rd St., 4th Floor, New York, NY 10036. 

 
7 For stock #TMCMNL20, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. 

 

 



3.1.1  air-fuel ratio, n—in internal combustion engines, the mass ratio of air-to-fuel in the mixture being inducted into the 
combustion chambers.  

3.1.1.1  Discussion—In this test method, air-fuel ratio (AFR), is controlled by the engine control module. D4175 
 
3.1.2  blowby, n—in internal combustion engines, that portion of the combustion products and unburned air/fuel mixture 

that leaks past piston rings into the engine crankcase during operation.                                                                             D4175 
3.1.3 clogging, n—the restriction of a flow path due to the accumulation of material along the flow path boundaries.D4175 
 
3.1.4  cold-stuck piston ring, n—in internal combustion engines, a piston ring that is stuck when the piston and ring are at 

room temperature, but inspection shows that it was free during engine operation. 
3.1.4.1  Discussion—A cold-stuck piston ring cannot be moved with moderate finger pressure. It is characterized by a 

polished face over its entire circumference, indicating essentially no blowby passed over the ring face during engine operation. 
D4175 

 3.1.5  debris, n—in internal combustion engines, solid contaminant materials unintentionally introduced into the engine or 
resulting from wear. 
    3.1.5.1  Discussion—Examples include such things as gasket material, silicone sealer, towel threads, and metal 
particles.                D4175  

3.1.6  filtering, n—in data acquisition, a means of attenuating signals in a given frequency range. They can be mechanical 
(volume tank, spring, mass) or electrical (capacitance, inductance) or digital (mathematical formulas), or a combination 
thereof. Typically, a low-pass filter attenuates the unwanted high frequency noise.                                                            D4175 

3.1.7  hot-stuck piston ring, n—in internal combustion engines, a piston ring that is stuck when the piston and ring are at 
room temperature, and inspection shows that it was stuck during engine operation. 

3.1.7.1  Discussion—The portion of the ring that is stuck cannot be moved with moderate finger pressure. A hot-stuck 
piston ring is characterized by varnish or carbon across some portion of its face, indicating that portion of the ring was not 
contacting the cylinder wall during engine operation.         D4175 

3.1.8  knock, n—in a spark ignition engine, abnormal combustion, often producing audible sound, caused by autoignition of 
the air/fuel mixture.                                       D4175 

3.1.9  out of specification data, n—in data acquisition, sampled value of a monitored test parameter that has deviated 
beyond the procedural limits.                                                                                            D4175 
3.1.10  reading, n—in data acquisition, the reduction of data points that represent the operating conditions observed in the 
time period as defined in the test procedure.                                                                                                                  D4175 
3.1.11  scoring, n—in tribology, a severe form of wear characterized by the formation of extensive grooves and scratches in 

the direction of sliding.                  D4175 
3.1.12  scuffing, n—in lubrication, damage caused by instantaneous localized welding between surfaces in relative motion 

that does not result in immobilization of the parts.        D4175 
3.1.13  sludge, n—in internal combustion engines, a deposit, principally composed of insoluble resins and oxidation 

products from fuel combustion and the lubricant, that does not drain from engine parts but can be removed by wiping with a 
cloth.                        D4175 

3.1.14  time constant, n—in data acquisition, A value which represents a measure of the time response of a system. For a 
first order system responding to a step change input, it is the time required for the output to reach 63.2 % of its final         
value.             D4175 

3.1.15  varnish, n—in internal combustion engines, a hard, dry, generally lustrous deposit that can be removed by solvents 
but not by wiping with a cloth.                  D4175 

3.1.16  wear, n—loss of material from a surface, generally occurring between two surfaces in relative motion, and resulting 
from mechanical or chemical action, or a combination of both.                    D4175      

3.2  Definitions of Terms Specific to This Standard: 
3.2.1  enrichment, n—in internal combustion engine operation, a fuel consumption rate in excess of that which would 

achieve a stoichiometric air-to-fuel ratio. 
3.2.1.1  Discussion—Enrichment is usually indicated by elevated CO levels and can also be detected with an extended 

range air/fuel ratio sensor. 
3.2.2  Lambda, n—the ratio of actual air mass induced, during engine operation, divided by the theoretical air mass 

requirement at the stoichiometric air-fuel ratio for the given fuel. 
3.2.2.1  Discussion—A Lambda value of 1.0 denotes a stoichiometric air-fuel ratio. 
3.2.3  low-temperature, light-duty conditions, n—indicative of engine oil and coolant temperatures that average below 

normal warmed-up temperatures, and engine speeds and power outputs that average below those encountered in typical 
highway driving. 

3.2.4  ramping, n—the prescribed rate of change of a variable when one set of operating conditions is changed to another 



set of operating conditions. 
 

4.  Summary of Test Method  
 

4.1  Each VH test engine is assembled with many new parts and essentially all aspects of assembly are specified in detail. 
4.2  The test stand is equipped to control speed, torque, AFR, and various other operating parameters. 
4.3  The test is run for a total of 216 h, consisting of 54 cycles of 4 h each. Each cycle consists of three stages. 
4.4  While the operating conditions are varied within each cycle, overall they can be characterized as a mixture of low-

temperature and moderate-temperature, light and medium duty operating conditions. 
4.5  To accelerate deposit formation, the level of oxides of nitrogen in the blowby and the rate of blowby into the crankcase 

are significantly increased. The fresh air breathing of the crankcase is eliminated and the oil and coolant temperatures are 
lowered to induce condensation of water and fuel. 

4.6  The performance of the test engine oil is evaluated at the end of the test by dismantling the engine and measuring the 
level of engine deposit formation. 

 
5.  Significance and Use  
 

5.1 This test method is used to evaluate an automotive engine oil's control of engine deposits under operating conditions 
deliberately selected to accelerate deposit formation. This VH test method was correlated with the previous VG test method, 
which was correlated with field service data, determined from side-by-side comparisons of two or more oils in police, taxi 
fleets, and delivery van services.  
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in the 
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A8.1  Table A8

Table A9.1 E
 
SERVICE PA
NUMBER 
1L2Z-6250-A
1L2Z-6250-D
1L2Z-6L253-
1L2Z-6L253-
1L3Z-6L266-
XL1Z-6L266-
1W7Z-6312-A
1W7Z-6B288

8.1 lists special

ngine parts 

ART 

AA 
DA 
-AA 
-BA 
-AA 
-AA 
A 
8-AB 

FIG. A7.39 T

A8.  SPECIA

l tools needed f

Tool No. 

D81L-6135

T80T-4000

T91P-6571

T91P-6565

T91P-6565

A9.  T

ENGINEE
PART NU
1L2E-625
1L2E-6A2
1L2E-6L2
1L2E-6L2
1L3E-6L2
1L3E-6M2
1W7E-631
1W7E-6B2

FIG. A7

Thermostat H

AL SERVICE 

for the test eng

TABLE 
Desc

5-A Pis

0-W Driv

1-A Val

5-A Val

5-AH Val

TEST ENGINE

ERING 
MBER 
0-DA 

274-CA 
53-AA 
53-BA 
66-AG 
269-AC 
16-AF 
288-AB 
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7.38 Ignition C

 

 

Housing with T

 

TOOLS FOR

gine. 

A8.1 Special T
cription 

ston pin remov

ver handle 

lve stem seal

lve spring com

lve spring spa

 

E PART NUM

 

DESCRI
 
CAMSHA
CAMSHA
GUIDE, 
GUIDE, 
TENSIO
TENSIO
PULLY, 
SENSOR

5 

Coil  

Thermocouple

R THE TEST 

Tools 

ver and repla

 replacer 

mpressor 

acer 

MBER LISTIN

IPTION 

AFT RH 
AFT LH 
TIMING CHA
TIMING CHA

ONER, TIMING
ONER, TIMING

CRANKSHA
R, CAMSHAF

e location.  

ENGINE 

acer 

NG 

AIN TENSION
AIN TENSION
G CHAIN, RH
G CHAIN, LH
FT 
FT 

NER LH 
NER RH 
H 
H 

 



 

 
. 
 
 

1W7Z-6C315
391186S101
3L2Z-6345-A
 
3L2Z-6345-A
4R3Z-6B274
4R3Z-6M256
5C3Z-6211-A
5L3Z-6600-A
5R3Z-6065-A
5W7Z-6268-A
 
 
 
 
6W7Z-6505-
BL2Z-6D309
BL2Z-6D309
BR3Z-6A341
F1AZ-6518-A
F3LY-6214-A
F3AZ-6265-A
F6DZ-6C501
F6AZ-6514-A
F8AZ-6564-A
F8AZ-6256-A
F8AZ-6256-B
XL3Z-6306-A
XL3Z-6507-A
XL3Z-6513-A
XW1Z-12A22
AGSF-32P-M
 
 
 
 
 
 
 
 

Table A9.2 E
 
SERVICE PA
NUMBER 
F0TZ-9F593
3L3Z-9F593-
6W7Z-6019-A

9L3Z-8592-B

5-AA 
 

AAA 

AA 
4-BA 
6-CC 
A 
AA 
AA 
AA 

BA 
9-A 
9-B 
1-A 
A 
A 
A 
1-AB 
AC 
AA 
AA 
BA 
AA 
AA 
AA 
27-AC 
M 

ngine Dress P

ART 

-DA 
-EAFC 
AA 

B 

1W7E-6C
391186 
3L2E-634
XW7E-6C
3L2E-6K2
4R3E-6B2
4R3E-6M2
5C3E-621
5L3E-662
5R3E-606
5W7E-626
6L3E-614
6L3E-614
6L3E-614
6L3E-614
6W7E-650
BL2E-6D3
BL2E-6D3
BR3E-6A3
F1AE-651
F2LE-621
F4AE-626
F65E-6C5
F6LE-651
F6TE-652
F8AE-625
F8AE-625
XL3E-630
XL3E-650
XL3E-651
XW1E-12A
3L1E-124
3U1L-611
3U1L-611
YU1L-611
YU1L-611
6W7E-604
 7L2E-601
2C5E-630
 

Parts 

ENGINEER
PART NUM
F0TE-9F59
3L3E-9F59
6W7E-6C0

9L3E-8594

315-AA 

5-AA 
C357-AB 
258-AA 
274-BA 
256-CC 
1-BA 
1-AA 

65- AA 
68-AA 
8-DA 
8-EA 
8-FA 
8-GA 
05-BA 
309-AA 
309-BA 
341-BA 
8-BA 
4-BA 

65-AA 
501-AB 
4-AC 

29-AB 
56-AA 
56-BA 
06-AB 
07-AC 

3-AC 
A227-AC 
05-AA 
0-AB 
0-BB 
0-BC 
0-CC 

49-AB  
10-BA 
03-B13A 

RING 
MBER 
93-D9B 
93-E9A 
086-AA 

4-BA  
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SENSOR
PLUG,  S
BOLTS, 
BOLTS, 
BOLTS, 
GUIDE, 
GUIDE, 
BEARIN
PUMP A
BOLTS, 
CHAIN, 
PISTON
PISTON
PISTON
PISTON
VALVE, 
BEARIN
BEARIN
BEARIN
KEY, VA
BOLTS, 
SPACER
TAPPET
RETAIN
ARM AS
SPROCK
SPROCK
GEAR, T
VALVE, 
SPRING
WHEEL
PLUG, S
PISTON
PISTON
PISTON
PISTON
CYLIND
CYLIND
CRANKS
 

 
DESCR
 
INJECT
INJECT
COVER

HOUSI

5 

R,  CRANKSH
SIDE OF BLK
MAIN BEAR
MAIN BEAR
MAIN, OIL P
TIMING CHA
TIMING CHA

NG - CONNEC
ASY - OIL 

CYLINDER H
TIMING 

N RINGS 0.12
N RINGS 0.25
N RINGS 0.0.3
N RINGS 0.5 O

EXHAUST 
NG - CRANKS
NG - CRANKS
NG - CRANKS
ALVE RETAIN

CONNECTIN
R, CAMSHAF
T - VALVE 
ER, VALVE S

SY - VALVE R
KET - CAMS
KET - CAMS
TIMING CHA
INTAKE 

G, VALVE  
, CRANKSHA

SPRK 
NS 0.125 O/S
NS 0.375 O/S
NS 0.250 O/S
NS 0.500 O/S
DER HEAD 
DER BLOCK 

SHAFT 

 
RIPTION 

TORS, FUEL 
TORS, FUEL 
R - CYLINDER

NG - THERM

HAFT POSIT
K 

RING CAP 
RING CAP SID
PUMP PICK U
AIN LH 
AINRH 
CTING ROD (

HEAD (10 bo

25 O/S 
5 O/S 
375 O/S 
O/S 

SHAFT MAIN 
SHAFT MAIN 
SHAFT MAIN
NER 
NG ROD  (4b
FT GEAR 

SPRING  
ROCKER 
HAFT RH 
HAFT LH 
IN CRANKSH

AFT PICK UP

(PURPLE) 
(BROWN) 

R FRONT 

MOSTAT 

TION 

DE 
UP TUBE 

(1u&l) 

olts) 

(1u&l) 
THRUST (1u
, THRUST W

bolts) 

HAFT 

P 

u&l) 
WASHER 



 
 
 
 

 
 

 
Table A9.3 St
 
SERVICE PA
NUMBER 
4W7Z9B659
9L3Z-8592-B
 
 
3W7Z-9600-
9W7Z-9424-A
E5TZ-9601-B
 
 
 

 
 

Table A9.4 G
 
SERVICE PA
NUMBER 

3W7Z-6E078

4C2Z-9439-C
4L2Z-6584-B
4L2Z-6584-A
5C2Z-9E936
5W7Z-8C387
5W7Z-8C388
6L3Z-6K301-
9W7Z-6051-
9W7Z-6051-A

9W7Z-6079-A

F1AZ-6020-A
F5AZ-6700-A
F4AZ-6701-A
F4AZ-6571-A
F65Z-6840-A
XR3Z-9L437
F1VY-8507-A
3L3Z-6710-A
3W7Z-6625-A
YC2Z-9448-A
F1VY-8255-A
 
Table A9.5 F
 
 

 
tand Set Up P

 
ART 

CA 
B 

BA 
A 
B 

Gaskets/Seals 

ART 

8-AA 

CA 
BA 
AA 
6-BA 
7-AA 
8-AA 
-AA 
B 
A 

A 

A 
A 
A 
A 
A 
7-BA 
A 
AA 
AA 
A 
A 

asteners 

Parts 

ENGINEER
PART NUM
4W73-9R5
9L3E-859
F3AE-12A
F6AE-122
3W7U-960
9W7E-942
E5TE-960
D8ZE-6A6
F8AE-850
F8KE-19A

F7AE-6B
 

 

ENGINEER
PART NUM

3W7E-6G

4C2E-94
4L2E-658
4L2E-6A
5C2E-9E
5W7E-8C
5W7E-8C
6L3E-6K
9W7E-60
9W7E-60

9W7E-60

F1AE-6D
F3AE-67
F3AE-67
F4AE-6A
F65E-6A
XR3E-9L
391108-S
3L3E-67
3W7E-66
YC2E-9Y
N806807
 
 
PART N
N60652

RING 
MBER 
530-AA 
4-BA 

A166-BD 
257-EB 
00-BC 
24-AA 
01-AB 
666-A2B 
01-AB  
A216-AD 

209-AB 

RING 
MBER 

G050-AA 

439-CB 
84-BA 
559-BA 

E930-BA 
C387-AA 
C388-AA 
318-AA 
083-AB 
051-AB 

079-AA 

D081-AD 
700-AC 
701-BA 
A517-AA 
A636-CA 
L437-BA 
S 
10-AA 
625-A3A 
Y431-AD 
7 

NUMBER 
27 
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DESC
 
TUBE
CONN
BRAC
BRAC
ASSEM
MANIF
ELEM
PCV V
WATE
GROO

BELT 
 

 

DESC
 
Gask

GASK
GASK
GASK
GASK
GASK
GASK
RETA
GASK
GASK
Gask

GASK
SEAL
SEAL
SEAL
GASK
GASK
SEAL
GASK
ORIN
GASK
SEAL
 
 

LOCA
GUID

5 

 
 
 

CRIPTION 

, FRESH AIR
NECTOR, WA
CKET, IGNITIO
CKET, IGNITIO

MBLY, AIR C
FOLD ASY - 
ENT, AIR FIL

Valve (EV-98)
ER PUMP AS
OVED IDLER 

TENSIONER

CRIPTION 

ket set 

KET, INTAKE
KET, ROCKE
KET, ROCKE
KET, THROT
KET, WATER
KET, WATER
AINER - CRA
K, CYLINDER
KET, CYLIND
ket set 

KET, FRONT
L, FRONT MA
L, REAR MAI
L, VALVE STE
KET, OIL FILT
KET, THROT
L, WATER PU
KET, OIL PAN

NG, OIL PUM
KET, EXHAU
L - THERMOS

ATION 
DE, TIMING C

R 
ATER OUT 
ON COIL 
ON COIL 

CLEANER 
INLET 
LTER  
)  
SEMBLY  
PULLEY  

R  
 

E MANIFOLD
ER ARM COV
ER ARM COV
TTLE BODY  T
R CROSSOVE
R CROSSOVE
ANKSHAFT O
R HEAD, LH 
DER HEAD, R

T COVER 
AIN 
N 
EM 
TER ADPT 

TTLE BODY  S
UMP 
N 
P PICK UP T

UST MANIFOL
STAT 

CHAIN 

 

 
VER, RH 
VER LH 
TO SPACER
ER RH 
ER LH 

OIL SEAL 

RH 

SPACER TO 

TUBE 
LD 

INTAKE 



 
 
 

A

A
d
f
F
s

A

A

A

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table A9.6 E

SERVICE PA
7U2Z-12029
5W7Z-9F792
F6ZZ-12B57
F8PZ-12259
3U2Z-14S41
3U2Z-14S41

A10.1  Remove

A10.2  Flush th
deposits. This c
flow rate of 0.6
Flushing can be
solvent can ext

A10.3  Rinse th

A10.4  Rinse th

A10.5  Air-Dry

 
 

ngine Finish P

ART NUMBE
-B 
2-AC 
79-AARM 
-LAFC 
1-AA 
1-UAA 

A10.  

e and complete

he shell side of 
can be accomp
63 L/s ± 0.126 
e required for l
end the useful 

he heat exchang

he heat exchang

y Heat Exchang

N80495
N80604
N80615
N80615
N80615
N80615
N80616
N80616
N80617
N80617
N80617
N80618
N80630
N80719
N80858
N81108
W50327
W50330
W50610
W70122
W70151
W70160
W70459
W70469
W70512
W70650
W71598

Parts 

R 

 
ENGIN
PART 
7U2J12
5W7E-
RMF6Z
F8PE 1
 
 

EXTERNAL 

ely disassemble

f the heat excha
lished by using
L/s. Several he
longer than 12 
life of the solv

ger with hot w

ger with degre

ger:   

58 
40 
54 
55 
55 
55 
64 
65 
77 
77 
77 
83 
00 
98S 
86 
85 
79 
01 
02-S437 
28S300 
12 
05 
94S300 
93 
28 
08 
86S900 

NEERING 
NUMBER 
2029AB 
-9F792-AD 
ZF-12B579-A
12259 LA 

OIL HEAT E

e the heat exch

anger with an o
g a positive dis
eat exchangers 
h if the deposi

vent. 

water. 

asing solvent (
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GUID
PINS
THRO
REAR
CAMS
CRAN
WAS
WAS
TIMIN
FRON
WAT
OIL P
FRON
SLEE
FRON
SPRO
TIMIN
INTA
THRO
DOW
PULL
OIL P
DOW
WAT
OIL F
FRON
PLUG
 
 
 

DES
 
COI
MAN

AB SEN
WIR
THR
COO

EXCHANGER

hanger includin

organic solvent
splacement pum
can be flushed

its are particula

(see 7.7.1). 

5 

DE, TIMING C
S, OIL PUMP 
OTTLE BODY
R SEAL HSG
SHAFT POS
NKSHAFT PO
HER, GEAR 
HER, CRANK

NG CHAIN TN
NT COVER 
ER PUMP 

PUMP 
NT COVER 
EVE - GUIDE
NT COVER 
OCKET TO C
NG CHAIN G

AKE MANIFOL
OTTLE BODY

WEL, FRONT A
LEY, CRANKS
PAN 

WEL - PIN, BL
ER OUT CON

FILTER ADAP
NT COVER 
G - BLOCK FR

SCRIPTION 

L ASY - IGNI
NIFOLD ASSY
NSOR,MAF
RES, SPARK 
ROTTLE POS
OLANT TEMP

R CLEANING

ng the end caps

t for a minimum
mp to flow the 
d at the same ti
arly heavy or th

CHAIN 
 
Y ELBOW TO

G 
ITION SENSO
OSITION SEN
TO CAMSHA
KSHAFT PUL
NESIONER 

, BELL HOUS

CAMSHAFT 
UIDE 
LD 
Y TO SPACE
AND REAR C
SHAFT 

LOCK TO CYL
NNECTOR 
PTER 

RONT, WATE

 
 

TION 
Y, FUEL 
 
PLUG 

SITION SENS
PERATURE S

G TECHNIQU

s. 

m of 12 h to en
solvent throug

ime by connec
he solvent is ag

O INTAKE 

OR 
NSOR 
AFT 
LLEY 

SING 

ER 
COVERS 

LINDER HEA

ER PUMP 

SOR PIGTAIL
SENSOR PIG

UE 

nsure the remo
gh the heat exc
ting them in se
ged. Filtration 

AD 

 
GTIAL 

oval of all 
changer at a 
eries. 
of the 



a
th

A
h

 

A

 

 

NOTE A10.1—
attached to an ele
his application. 

A11.1  Downlo
http://www.astm

A12.1  A typica

—The tube side o
ectric drill has be

A11

oad the actual r
mtmc.cmu.edu

1.  T

2.  T

3.  Su

4.  T

5.  T

6.  O

7.  O

8.  A

9.  D

NOTE

cand
and d
for re
Test 

10.  A

al dipstick cali

of the heat excha
een found to be 

1.  SEQUENC

report forms an
u/, or they can b

T

Title / Validity D

Table of Conten

ummary of Te

Test Result Sum

Test Results Sum

Operational Sum

Oil Addition Re

Analysis of Oil 

Downtime Occu

E 1—If the non
didate oil test re
data dictionary
eporting the ca
Laboratory Co

ACC Conform

bration is pres

FI

anger should be p
an effective way

E VG REPOR

nd data dictiona
be obtained in 

Table of Conten

Declaration Pa

nts 

st Method 

mmary 

mmary 

mmary 

ecord and Blow

urrences and O

n reference oil 
esults to the reg
y (that are main
andidate oil tes
onformance sta

mance Statemen

A12.  DIPST

ented in Fig. A

Sequence VG

Slope = 21 g/

Offset = 1953

IG. A12.1  Typ
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periodically clea
y to remove proc

RT FORMS A

ary separately 
hardcopy form

nts 

age 

wby Rates 

Other Comment

test results are
gistration organ
ntained for repo
t results. Inclu

atement. 

nt 

TICK CALIBR

A12.1 and Tabl

 
G Dipstick Correlati

mm 

3 mm 

pical Dipstick 

 

5 

aned to ensure ad
cess water depos

AND DATA D

from the ASTM
mat from the TM

   

Form 1

Form 2

Form 3

Form 4

Form 5

Form 6

Form 7

Form 8

ts Form 9

e also to be sub
anization, use th
orting referenc

ude the ACC Co

   

RATION 

le A12.1. 

 

ion: 

k Calibration 

dequate heat tran
sits. Ultrasonic c

DICTIONARY

M Test Monito
MC. 

bmitted as 
he report forms
ce oil results) 
ode of Practice

nsfer. A rifle bor
cleaning is also e

Y 

oring Center W

s 

e 

re cleaner 
effective in 

Web Page at 



N
e
NOTE 1—The dipst
each. Always inser

tick level is measu
rt the dipstick with

TA
ured from the botto
h the words “Engin

D

ABLE A12.1 Ty
om of the dipstick 
ne Oil” facing up. R

Dipstick, mm 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 
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ypical Dipstick
up, zero being at t
Read the oil level 

T

5 

k Calibration
the bottom and 60
at the centerline o

Total Oil, g 

1953 

1974 

1995 

2016 

2037 

2058 

2079 

2100 

2121 

2142 

2163 

2184 

2205 

2226 

2247 

2268 

2289 

2310 

2331 

2352 

2373 

2394 

2415 

2436 

2457 

2478 

2499 

2520 

2541 

2562 

2583 

2604 

2625 

2646 

2667 

2688 

2709 

2730 

2751 

0 mm at the top. Th
of the dipstick. 

he minor incremennts are 1 mm 



A
b

A

R

C

O

O

O

D

E

O

O

T

V

F

V

A13.1  Test Eng
by the test spon

Ford Motor C
290 Town C
Dearborn, M

A13.2  Various

RAC kits 

Camshaft baffle

Oil filter housin

Oil oil screen, L

Oil filter adapte

Dipstick assem

Exhaust manifo

Oil pan and baf

Oil Pan Insulat

Thermostat orif

VG dynamome

Flywheel 

VG EEC 

gine Parts—T
nsor (Ford Mot
Co. 
enter Dr 

MI 48126 

s Materials— 

es 

ng,  Modified R

LFS-6028WCF

ers 

mbly with tube 

olds 

ffles, 

ion 

fice, OHT 6A-

eter and engine

D

A1

he required par
tor Company) t

Racor oil filter

F 

004-1 

e harnesses 

Dipstick, mm 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

3.  CRITICAL

rts for use in th
through Ford C

r 
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T

 

L PART SUPP

he VH test proc
Component Sal

5 

Total Oil, g 

2772 

2793 

2814 

2835 

2856 

2877 

2898 

2919 

2940 

2961 

2982 

3003 

3024 

3045 

3066 

3087 

3108 

3129 

3150 

3171 

3192 

3213 

PLIER LIST

cedure are for 
les:  

the  4.6 L 2V eengine which aare supplied 



V

A

A

E

E

C

V

O

A

A

C

T

T

A

A
s

 
A
F
S
 
A
R
 
 
A
P
O
P
O

VG wire harnes

Are available fr
OH Technolo
9300 Progres
Mentor, OH 

A13.3  Various

Exhaust manifo

Exhaust manifo

Camshaft beari

Valve deck rati

Oil Screen Blow

Are available fr
Test Enginee
12758 Cimar
San Antonio

A13.4 Test eng

Connecting rod

Throttle bodies

Throttle body s

Are available fr
Bishop Intern
224 North C
Dallas, TX 7
Toll-free: 80
 
Cunningham
10980 Ward
Rustburg, VA
800-828-070
 

A13.5  Cylinde
supplier:  

E&E Engine
1602 South F
San Antonio
(210) 225–1
 
 

A13.6  Oil sepa
F47E- 6A785-A
Supplier TBD 

A13.7 Wire har
Ron Francis wi

A13.9 Lambda 
Processor: Hori
O2 Sensors: Ho
Processor: ECM
O2 Sensors: 52

sses (must be m

from the follow
ogies 
ss Pkwy. 
44060 

s Materials— 

old spacer 

olds 

ings 

ing templates 

wdown Device

from the follow
ering, Inc. 
rron Path, Ste. 
, TX 78249-34

gine Parts –  

ds,  Part Numbe

s, Part Number 

spacers Part Nu

from the follow
national, Inc. 
orinth St. 

75203 
00–843–5068 

m Brothers Auto
s Road 
A 24588 
07 

er Head Modifi

e Machine and 
Flores 
, TX 78204 
141 

arator  
AA Oi

rnesses are ava
ire harnesses n

measuring dev
iba Mexa 730, 
oriba Model # 
M Model #: NO
210-T2 

modified as sho

wing supplier:  

e 

wing supplier:  

102 
417 

er F3AZ-6200

F3PE-9E926-N

umber   3W7E-

wing supplier:   

o Parts 

ications—cam 

Parts 

il Separator 

ailable from the
eed part numbe

vice: 
category # RX
3200202803, c

OxCANt  

own in 7.10.9)

-A/F3AE-6200

NB (VG) or 3W

-9A589-AB 

bore machinin

e following sup
ers and addres

X-721-57-B 
category # 3YX
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0-AA 

W7Z-9E926-A

ng and valve gu

pplier: 
s. Possibly from

X5-1004 

5 

AA 

uide installatio

m TEI 

on are availablee from the folloowing 



A

 

A

 

A14.1 See Fig. 

A15.1  Rating w

A14.1 for oil s

worksheets are

A14.  OP

sampling, addi

FIG. A14.

Note: Ne

e provided in F

PERATIONA

ition, and level

1  Oil Samplin

ed to change h

A15.  RATI

igs. A15.1 to A
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AL DATA LOG

ling record. 

 
ng, Addition a

heading of Fig

 

ING WORKS

A15.13 

5 

G—ENGINE 

and Leveling R

g. to VH (from

SHEETS 

OIL 

Record 

m VG) 
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5 

 



FIG. A

FIG. A

A15.1  Sludge

A15.2  Sludge R
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Rating of Lef

 

 
Rating of Righ

5 

ft Rocker Cov

ht Rocker Cov

ver 

ver 

 



FIG.. A15.3  Sludg
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ge Rating of L

 

5 

eft Cam Bafflle 

 



FIG. A15.4  Sludge

DXXXX– 1
 

84 

 
e Rating of Ri

 

5 

ight Cam Bafffle 

 



FIG. AA15.5  Sludge 
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Rating of Tim

5 

ming Gear Covver 

 



FIGG. A15.6  Sludg
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ge Rating of O

 

5 

Oil Pan Baffless 

 



FFIG. A15.7  S
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Sludge Rating 

 

5 

of Oil Pan 
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5 

 



FIG.. A15.8  Sludg
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ge Rating of L

5 

eft Valve Deckk 
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5 

 



FFIG. A15.10  VVarnish Ratin

FIG. 

ng of Piston Sk

A15.9  Sludge

kirts Piston Ri
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e Rating of Ri

 

 
ing Sticking a

5 

ight Valve Dec

and Oil Ring C

ck 

Clogging. Oil SScreen Percen

 

nt Plugging 



FIG. A15.1
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1  Piston Rati

 

5 

ing Grid 

 



FIG. A15.11
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1A  Piston Rat

5 

ting Grid 

 



FIG. A15.12  Varnish
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 Rating of Lef

 

5 

ft Camshaft BBaffle 

 



FIG. A155.13  Varnish R
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Rating of Rig

 

 

  

5 

ht Camshaft BBaffle 

 



A
r
s
7

A
s
r

A
c

A

A
p
in
h

A
q
p

A
f

X

 

A16.1  Fuel Inj
required. This d
suitable comme
7.7.1) as the flu

A16.2  Fuel Inj
suitable appara
reused if the cri

A16.3  Perform
cracking or tear

A16.4  To remo

A16.5  Using a
pressure source
njector(s) durin

has a dramatic 

A16.6  Flow-te
quality. The spr
pressure on clo

A16.7  The acc
fluid pressure. D

X1.1  The nece

jector Test Rig
device shall be
ercially availab
uid for flow tes

jectors—Prior 
tus as identifie
iteria outlined 

m a visual inspe
ring and replac

ove any assemb

a rig as describe
e is turned on, t
ng the entire te
effect on the fl

est each injecto
ray pattern sho
sed injector(s) 

ceptable total fl
Discard any inj

X

essary engine m

A16.  FU

g—A suitable d
e capable of per
ble apparatus h
sting injectors. 

to installations
ed above. The e
in this section 

ection of each i
ce as required. 

bly residue bef

ed, place the in
the test fluid st
est at 290 kPa ±
low rate and sp

or for a 60 s per
ould be typical 

for at least 30 

low for each in
njector that flow

X1.  PISTON A

measurement re

UEL INJECTO

device capable 
rforming neces

has been identif
 

s, evaluate all i
evaluation proc
are satisfied. 

injector. Ensur

fore flow-testin

njector(s) in the
tarts to flow thr
± 3.4 kPa . Ma
pray pattern. O

riod. While the
for the make a
s. The injector

njector after the
ws above or be

AP

(Nonmand

AND RING M

ecord forms are
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OR FLOW M

of accurate, re
ssary port fuel 
fied, design of 

injectors (new 
cedure is outlin

re that they hav

ng, flush new i

e rig and turn o
rough the injec

aintaining this p
nce pressure is

e injector is flo
and model of th
r(s) shall not le

e 60 s test shall
low this range

 

PPENDIXES

datory Inform

MEASUREME

e shown in Fig

5 

MEASUREME

epeatable flow 
injector evalua

f the test rig is u

and used) for s
ned in this sect

ve been cleaned

injectors for 30

on the pressure
ctor(s). Mainta
pressure is criti
s set, zero the v

owing, make a v
he injector. At 
eak or drip. Dis

l be 188 mL to
. 

mation) 

ENTS RECOR

gs. X1.1-X1.3.

ENTS 

measurement o
ations as outlin
up to the labora

spray patterns 
tion. Injectors m

d of all oily de

0 s. 

e source to the 
ain the test fluid
ical because a 
volume-measur

visual observa
the completion
scard any injec

o 203 mL at 29

RD FORMS 

of port fuel inj
ned below. Sin
atory, Use solv

and flow rate u
may be cleaned

eposits. Check O

injector(s). Af
d pressure supp
small change i
ring device. 

tion of the spra
n of the 60 s pe
ctor that leaks o

90 kPa ± 3.4 kP

ectors is 
ce no 
vent (see 

using a 
d and 

O-ring for 

fter the 
plied to the 
in pressure 

ay pattern 
eriod leave 
or drips. 

Pa of test 



FFIG. X1.1  Pis

DXXXX– 1
 

97 

 
ton Ring Side
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e Clearance 

 



FIG. X1.22  Piston Ring
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g Groove Cham
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mfer and Ringg Gap 

 



X
r

a

X2.1  The follo
required materi

X2.1.1  ASTM
and Ford or Lin

X2.1.2  ASTM
ASTM Test M
6555 Penn A
Pittsburgh, P
X2.1.3  Test 
Ford Motor C
1800 Fairlan
Room 410 
Allen Park, M
X2.1.4  Aero

owing sources a
ials or informat
M Sequence VH
ncoln dealers. 
M Test Monito
Monitoring Ce

Ave. 
PA 15206-4489

Sponsor—All 
Co. 

ne Drive. 

Mi 48101 
oquip Hose and

X2.  SOUR

are provided fo
tion sources.  

VH Test Parts—

ring Center—A
enter 

9 
communicatio

d Fittings—Aer

FIG. X1.3

RCES OF MA

or convenience

—ASTM Seque

All communica

ons with the tes

roquip hose an
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 Piston Ring M

ATERIALS AN

e only. This do

nce VH Test P

ations with the

st sponsor (For

nd fittings can b

5 

Masses 

ND INFORMA

es not represen

Parts can be pu

e TMC should b

rd Motor Co.) s

be obtained fro

ATION 

nt an exclusive

urchased throug

be directed as f

should be direc

om the followin

e or complete li

gh Ford Comp

follows:  

cted as follows
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