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Standard Test Method for

Evaluation of Automotive Engine Oils for Inhibition of
Deposit Formation and Wear in a Spark-Ignition Internal
Combustion Engine Fueled with Gasoline and Operated
Under Low-Temperature, Light-Duty Conditions

This standard is issued under the fixed designation D 5302; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Summary of Test Method 4
1.1 This test method is commonly referred to as the Seifg‘;?;ij“scig';ﬂ;;ft,escnpﬂon :
guence VE testand has been correlated with vehicles used inapparatus—The Test Engine 7
stop-and-go service prior to 1988, particularly with regard to Sequence VE Test Engine Parts Kit 7.1
sludge and varnish formation and valve train wekiis one of Required New Engine Parts 72
g . A _ Reusable Engine Parts 7.3
the test methods required to evaluate oils intended to satisfy thespecially Fabricated Engine Parts 7.4
API| SJ performance category. Special Engine Measurement and Assembly Equipment 7.5
. T . . . Miscell Engine C ts-P i 7.6
1.2 The values stated in either inch-pound units or Sl units S(;T\feenf‘snae‘ﬁfc|:§r22rs%”;Zﬂ?;gS reparation 72
are to be regarded separately as the standard. Within the textassembling the Test Engine—Preparations 7.8
the Sl units are shown in parentheses when combined with QSS?mbI"n? tlret_Test EtnhginTe—t"gta”émons ;'io
inch-pound units. Some of the figures and forms have identical, i fuids —supplyDischarge Syatems g
numerical designations, but with the lettit following the Intake Air 8.1
numerical designation: these are alternative figures and formsFuel 8.2
. . Engine Oil 8.3
that contain Sl units. Coolants 84
1.3 This standard does not purport to address all of theMeasurement Instrumentation 9
safety concerns, if any, associated with its use. It is the Temperatures 9.1
. . . Pressures 9.2
responsibility of the user of this standard to establish appro- ¢, rates 03
priate safety and health practices and determine the applica- Fuel Consumption 9.4
bility of regulatory limitations prior to useSpecific precau- ~ Speed and Load 95
tionary statements are given in 7.7, 7.8.9.6, 7.8.13, 7.10.2, it Gas b
| y aiv I -0 1090, 1019, 'Z\Aiscellaneous Laboratory Equipment 10
7.10.3.2(c), 8.3.4.2, 8.4.4.3, 8.4.5.2, 9.3.4.4, 9.6.1.2, 12.1.1.5est Stand Calibration 1
12.1.4.5,12.2.1, 12.2.1.5, Fig. A3.6, and Annex A8. Verfication _— 1.1
| f Contents: Unacceptable Calibration Tests 11.2
1.4 Table o ontents: Test Stand Modifications 11.3
Section Reference Oil Accountability 114
Test Numbering System 11.5
Scope 1 Procedure 12
Referenced Documents 2 Pre-Test Procedure 12.1
Terminology 3 Engine Operating Procedure 12.2
Periodic Measurements and Functions 12.3
Special Maintenance Procedures 12.4
Diagnostic Data Review 125
R X o . End of Test Procedure 12.6
This test method is un(_jer the JUI'.ISdICtIOh of ASTM _Cg_mmmee D02 ON |nterpretation of Results 13
Petroleum Products and Lubrlcants_ and is the direct responsibility of Subcommittee parts Rating Area—Environment 13.1
D02.B0.01 on Passenger Car Engine Oils. Sludge Ratings 13.2
Current edition approved June 10, 2001. Published July 2001. Originally varnish Ratings 13.3
published as D 5302 — 95. Last previous edition D 5302 — 00a. Clogging 13.4
2Until the next revision of this test method, the ASTM Test Monitoring Center  Sticking 135
will update changes in the test method by means of information letters. Information Wear Measurements 13.6
letters may be obtained from the ASTM Test Monitoring Center, 6555 Penn AvenueAssessment of Test Validity 14
Pittsburgh, PA 15206-4489. Attention: Administrator. This edition incorporates Average Exhaust Gas NOy Levels 14.2
revisions in all Information Letters through No. 00-1. Used Oil Analyses 14.3
3 ASTM Research Report RR:D02:1226. Sequence VE Report to the Subcom- Blowby Flow Rate 144
mittee D02.B Oil Classification Panel, contains the field-laboratory correlation ntake Manifold Vacuum 14.5
information and the initial laboratory test precision data.
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ANNEXES

Special Service Tools for the Test Engine
External Oil Heat Exchanger Cleaning Technique
Detailed Specifications and Photographs of Apparatus
Engine Part Number Listing
Operational Data Log Sheets
Rating Worksheets
Final Report Forms and Photographs
Safety Precautions
Automatic Data Acquisition
Oakite 811 Monitoring Program
Test Precision—Reference Oils
Control Chart Technique for Severity Adjustment
Statistical Equations for Mean and Standard Deviation
Data Dictionary
One-half Millimetre Oversize Piston Modifications

Required Inspections and Operations for Reuse of Cylinder Heads

APPENDIXES
Engine Measurement Sheets
Sources of Materials and Information
Analysis of Phillips “J” Fuel (Batch 26)
Theoretical Exhaust Gas Relationships-Phillips “J” Fuel
Description of Scott Quarterly Gas Audit Service

2. Referenced Documents
2.1 ASTM Standards:

D 86 Test Method for Distillation of Petroleum Produftts

D 287 Test Method for API Gravity of Crude Petroleum and
Petroleum Products (Hydrometer Methtd)

D 323 Test Method for Vapor Pressure of Petroleum Prod

ucts (Reid Method)

D 381 Test Method for Existent Gum in Fuels by Jet

Evaporatiofi

D 445 Test Method for Kinematic Viscosity of Transparent
and Opaque Liquids ( the Calculation of Dynamic Viscos-

ity)*

D 525 Test Method for Oxidation Stability of Gasoline

(Induction Period Method)

D 873 Test Method for Oxidation Stability of Aviation Fuels

(Potential Residue Methatl)

D 893 Test Method for Insolubles in Used Lubricating Oils
D 1266 Test Method for Sulfur in Petroleum Products

(Lamp Method}

D 3237 Test Method for Lead in Gasoline by Atomic

Absorption Spectrometfy

D 3525 Test Method for Gasoline Diluent in Used Gasoline
Engine Oils by Gas Chromatograghy

D 3606 Test Method for the Determination of Benzene and
Toluene in Finished Motor and Aviation Gasoline by Gas

Chromatography

Ay D 5302

14.6
14.7
15

15.1
15.2
15.3
15.4

D 4485 Specification for Performance of Engine Bils

D 5134 Test Method for Detailed Analysis of Petroleum
Naphthas Through n-Nonane by Capillary Gas Chroma-
tography

G 40 Terminology Relating to Wear and Erosion

2.2 SAE Standards:

SAE J254 Instrumentation and Techniques for Exhaust Gas
Emissions Measuremént

2.3 ANSI Standard:

MC96.1 Temperature Measurement—Thermocofples

2.4 Coordinating Research Council;

CRC Sludge Rating Manual (CRC Manual No. 12)

CRC Varnish Rating Manual (CRC Manual No. 1%)

CRC Techniques for Valve Rating (CRC Manual No.*P6)

3. Terminology

3.1 Definitions:

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

3.1.1.1 Discussior—In this test method, air-fuel ratio is
controlled indirectly by exhaust gas analysis for CO and O
contents. During Stages | and I, @ the primary determinant,
while CO is the primary determinant in Stage III.

3.1.2 blowby, n—in internal combustion enginethe com-
bustion products and unburned air/fuel mixture that enter the
crankcase.

3.1.3 cold-stuck piston ring n—in internal combustion
enginesone that is stuck when the piston and ring are at room
temperature, but inspection shows that it was free during
engine operation.

3.1.3.1 Discussior—A cold-stuck piston ring cannot be
moved with moderate finger pressure. It is characterized by a
polished face over its entire circumference, indicating essen-
tially no blowby passed over the outside of the ring during
engine operation.

3.1.4 debris n—in internal combustion engingsolid con-
taminant materials unintentionally introduced into the engine
or resulting from wear.

3.1.4.1 Discussior—Examples include such things as gas-
ket material, silicone sealer, towel threads, and metal particles.

D 5862

3.1.5 free piston ring n—in internal combustion enginea
piston ring that will fall in its groove under its own weight
when the piston, with the ring in a horizontal plane, is turned
90° (putting the ring in a vertical plane).

3.1.5.1 Discussior—A slight touch to overcome static fric-
tion is permissible. D 5862
3.1.6 hot-stuck piston ringn—in internal combustion en-
gines a piston ring that is stuck when the piston and ring are

D 4057 Practice for Manual Sampling of Petroleum and———

Petroleum Products

D 4175 Terminology Relating to Petroleum, Petroleum

Products, and Lubricarits

4 Annual Book of ASTM Standardgol 05.01.
S Annual Book of ASTM Standardgol 05.02.

Full document details: ASTM D5302-01

¢ Annual Book of ASTM Standardgol 05.03.

7 Annual Book of ASTM Standardgol 03.02.

8 Available from Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.

9 Available from American National Standards Institute, 11 W. 42nd St. 13th
Floor, New York, NY 10036.

10 Available from Coordinating Research Council, Ib, 219 Perimeter Ctlts

Parkway, Atlanta, GA 30346. ocumen
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at room temperature, and inspection shows that it was stuosf engine oil and coolant temperatures that average below
during engine operation. normal warmed-up temperatures, and engine speeds and power
3.1.6.1 Discussior—The portion of the ring that is stuck outputs that average below those encountered in typical high-
cannot be moved with moderate finger pressure. A hot-stuckay driving.
ring is characterized by varnish or carbon across some portion 3.2.7 ramping n—the prescribed rate of change of a vari-
of its face, indicating that portion of the ring was not contactingable when one set of operating conditions is changed to another
the cylinder wall during engine operation. set of operating conditions.
3.1.7 knock n—in a spark ignition engineabnormal com-
bustion, often producing audible sound, caused by autoignitiod. Summary of Test Method

of the air/fuel mixture. D 4175 4.1 Each test engine is assembled with many new parts and
3.1.8 scoring n—in tribology, a severe form of wear ggsentially all aspects of assembly are specified in detall.
characterized by the formation of extensive grooves and 45 The 2.3- internal combustion engine is installed on a

scratches in the direction of sliding. G40 et stand, which is equipped to control speed and load and
3.1.9 scuff, scuffingn—in lubrication, damage caused by \4rious other operating parameters.

instantaneous localized welding between surfaces in relative
motion that does not result in immobilization of the parts.
D 4863

4.3 The engine is operated for a total of 288 h, consisting of
72 repetitive cyclesfod h each. Each cycle consists of three

o . . > stages.
ri::’]'cli'laO”SIlég?;'\ r:;ég IQEeiLlﬂlﬁg{gbrléssﬁlr?; zgg'gi%ggggs'tr’o 4 44 While the operating conditions are varied within each
Ects flroomyfuel cgmbustion and the lubricant, that does notpdrair?yde’ overall they can be characterized as a mixre of
. C o ; low-temperature and moderate-temperature, light-duty operat-
from engine parts but can be removed by wiping with a cloth. "
. . . S ) . ing conditions.
3.1.11 tight piston ring n—in internal combustion engines

a piston ring that will not fall in its groove under its own weight 45 To _accelera_te dep(_)sn formation and engine wear, the
? . A . , evel of oxides of nitrogen in the blowby and the rate of blowby
when the piston, with the ring in a horizontal plane, is turned

90° (putting the ring in a vertical plane): by subse uent|nto the crankcase are significantly increased, the fresh air

putting 9 . P 0¥ S 9 breathing of the crankcase is significantly decreased, and the
application of moderate finger pressure, the ring will betransitions between two of the stages of operation are deliber-
displaced. D 5862 9 P

. - . . ately enriched, in comparison with normal operation.

3.1.12 varnish n—in internal combustion enginea hard, 4.6 The test . i f is determined at th
dry, generally lustrous deposit that can be removed by solvents € test engine oi's periormance 1S determined at the
but not by wiping with a cloth, end of Fhe test by dismantling the engine and measuring the

3.1.13 wear, n—the loss of material from, or relocation of deposition and wear.
material on, a surface. D 5844

3.1.13.1Discussior—Wear generally occurs between two ) ] )
surfaces moving relative to each other, and is the result of 5.1 This test method is used to evaluate an automotive

mechanical or chemical action or by a combination of me-engine oil's control of engine deposits and wear under operat-
chanical and chemical actions. ing conditions deliberately selected to accelerate deposit for-

3.2 Definitions of Terms Specific to This Standard: mation and wear. This test method was correlated with field
3.2.1 clogging n—the restriction of a flow path due to the service data, determined from side-by-side comparisons of two

accumulation of debris along the flow path boundaries. or more oils in taxi flgets and. deli\{ery van services, as
3.2.2 closed-loop lambda control system— one that examples. The same field service oils were then used in
functions by feeding back a direct measurement of lambd&€Vveloping the operating conditions of this test procedure.

through a fully closed loop, and uses the measurement to alter 9-2 This test method, along with other test procedures,
the fuel input by changing the fuel injector pulse width. defines the minimum performance level of the API Categories

3.2.3 enrichment, n— in internal combustion engine opera-SH and SJ (detailed information about these categories is

tion, a fuel consumption rate in excess of that which wouldincluded in Specification D 4485). This test method is also
achieve a stoichiometric fuel-to-air ratio. incorporated in U.S. Army and automobile manufacturers’

3.2.3.1 Discussion—Enrichment is usually indicated by el- factory-fill specifications.

evated CO levels and can also be detected with an extended®-3 The basic engine used in this test method is representa-
range air/fuel ratio sensor. tive of many that are in modern automobiles, but not all. This

3.2.4 lambda n—the ratio of actual air mass induced factor, along with the accelerated operating conditions, should

during engine operation, divided by the theoretical air mas®€ considered when extrapolating test results.
requirement at the stoichiometric air-fuel ratio for the given
fuel.
3.2.5 open loop lambda control system— one that utilizes 6.1 General Description
manual adjustment of the fuel injector pulse width to alter 6.1.1 The test engine is a 2.3-L, spark ignition, four-stroke,
lambda based on manual measurement of exhaust gas CO &dr-cylinder in-line engine. Features of this engine include an
O, content. overhead camshaft, a cross-flow fast-burn cylinder head de-
3.2.6 low-temperature, light-duty conditione—indicative  sign, and electronic port fuel ignition. It uments

5. Significance and Use

6. Apparatus
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Motor Company’s 2.3-L EFI RangErtruck engine. subsections detail the specially fabricated engine parts required
6.1.2 Use an engine test stand equipped to control enginia this test method:
speed and load, air-fuel ratio, various temperatures, and other7.4.1 Intake Air Horn(see Fig. 1 and Fig. A3.4) :

parameters. 7.4.2 Camshaft Baffl§see Fig. A3.24)— This is fabricated
6.1.3 Use appropriate air conditioning apparatus to controfor attachment to the cam bearing pedestals. The clearance
the temperature and humidity of the intake air. between the edges of the baffle and the rocker arm cover
6.1.4 Use an appropriate fuel supply system. (RAC) permits a limited splash flow of oil to the top of the
. baffle and the RAC. Therefore, the dimensional accuracy of the
7. The Test Engine baffle is important to minimize the influence on test severity.

7.1 Sequence VE Test Engine Parts—KifThe kit is avail- The camshaft baffle is available from the supplier listed in
able from the Ford Motor Company and contains all thexX2.1.13.
necessary consumable hardware for four tests. Tests starting7.4.3 Crankcase Oil Fill Tube(see Fig. A3.27)—This de-
after May 31, 1995, shall use 1992 or later test engine parts kitsign is not a requirement, but if an alternative part is used,
with the dual plug cylinder head. A complete list of partsinstall a suitable shut-off valve between the fill tube and the
included in the kit is shown in Table A4.1. engine.

7.1.1 The following required parts are to be obtained from 7.4.4 Dipstick Tube—Replace the existing dipstick tube
the kit (unless substitutions for those parts are specificallyith a ¥s-in. NPT pipe nipple. The nipple should be approxi-
approved by the Sequence VE Operations and Hardwammately 6-in. (150-mm) long and is threaded into the port on the
Subpanel (contact the ASTM Test Monitoring Center (TMC) left side of the crankcase, as shown in Fig. A3.13.
for guidance): cylinder block, cylinder head, pistons, piston 7.4.5 Dipstick—Use the special dipstick shown in Fig.
rings, camshaft, rocker arms, and connecting-rod bearings. A3.28 to measure the oil level in the modified oil pan.

7.1.1.1 Tests started on or after November 16, 1999 may use 7.4.6 Oil Pan—Obtain the special oil pan shown in Fig.
substitute non-kit parts (other than those listed in 7.1.1)A3.25 from the supplier listed in X2.1.13.
obtained from Ford dealers, provided that the part numbers are 7.4.7 Flywheel Timing IndicaterFabricate a bracket with
the same as those in the kit. Where parts substitutions at@n adjustable timing index pointer for use at the flywheel. Mark
made, maintain samples of the substituted part for possiblthe flywheel with graduations at top dead center (TDC) and
comparison. ldentify all substituted parts with the part numbergérom 26 to 30° in 1° increments before top dead center (BTDC)
on the Supplemental Operational Data Form of the test repodnd after top dead center (ATDC). The suggested mounting
(Fig. A7.5). Cordinate the use of substituted parts with the
TMC INTAKE AIR

TEMPERATURE

7.1.2 Premeasured and calibrated Sequence VE engine pange ar /ssnsoa LOCATION

are available from the supplier listed in X2.1.5. PROBE LOCATION  fit | 1} '
7.2 Required New Engine Partsinstall the following new \1-—- ‘ - . NOTE :© AR PRESSURE FROBE TS ¢

parts in each new test engine assembly: cylinder head (may be T\ I (@) INTAKE AR TEMPERATURE

reused for tests starting on or before May 20, 1999) cylinder i i A e Ay 10 BE LOCATED

head bolts (torque-to-yield), camshaft, camshaft bearings, cam- i PRESSURE

shaft drive belt, rocker arms, hydraulic lifters, intake and iy WTAKE AR TR . TOPERATURE

7 IPERATURE
exhaust valves, valve stem seals, pistons, piston rings, WI’ISE‘RESSURE\? !.L?éﬂson & o SENSOR

25/8

pins, connecting-rod bearings, main bearings, oil pump, oil ™
filter, PCV valve, spark plugs, and gaskets and seals. Y2 S i f
7.3 Reusable Engine ParsThe following parts can be =T s& - \ .
reused: cylinder block (can be used for approximately two t PR AR S
tests, depending on bore wear); valve springs (can be reused as calls FRESH AR BALANCE '
long as they meet the specifications detailed in Annex A3);
cylinder heads (for tests started on or after May 20, 1999, ¢ MAN DUCT HUMDIFIED AR B
provided an acceptable reference oil test, incorporating reused ' s OF 400" COUPLING
cylinder heads and meeting the requirements in Annex AlG6, 4= :Zmo‘foé"’mow HEATER 20.00° LONG
has been completed); auxiliary shaft and bearings, connecting i fem
rod, front seal housing, fuel management wiring harness, NYLON %//LW T0 3007 WELDING BELL

. . . . . SHIELDED) (10-7.6cm)
crankshaft ignition trigger, intake manifold, throttle body, WIRING

camshaft drive parts, water pump drive parts, crankshaft, fuel /OFF FLAP
injectors, ignition module, ignition wires, oil pump screen and @ FLEXIBLE NTAKE AR HORN
' ’

OPTIONAL SPILL

/

pick up tube, timing belt sprockets, and water pump (all of CDN"E”//';N IIIL

these can be used in numerous engine assemblies as long as / prem—— ==,
they remain serviceable). :@/U‘mm !
7.4 Specially Fabricated Engine Parts The following :

PNEUMATIC OR
ELECTRIC ACTUATOR L

FIG. 1 Intake-Air Horn Adapter and Typical Test Sta A|r Su
! Ford Ranger is a product of the Ford Motor Co., Dearborn, Ml 48121. Duct ﬁ)h ents
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location is between two of the flywheel housing bolts on thein Footnote 142 utilizing a special tool. Other commercially
upper left side of the crankcase. Since ignition timing isavailable automotive service equipment can also be utilized.
measured with an accuracy of 1°, configure the index pointer télternatively, air gaging equipment can be used to measure the
minimize parallax error. guide diameter, and a micrometer can be used to measure the
7.4.8 Rocker Arm Cover-The RAC is fabricated from valve stem diameter.
stainless steel and incorporates a water jacket. The RACN : .
oTe 2—Accurate measurement of stem-to-guide clearance is impor-

supplier is listed in X2.1.13. tant since this parameter can affect oil consumption.

7.5 Special Engine Measurement and Assembly 758C ina-Rod he bi . fixed
Equipment-Items routinely used in the laboratory and work- 9. onnecting-Ro Hea_teFT e piston pins are fixed to
: the connecting-rods with an interference fit. A connecting-rod
shop are not included. 3 . o . : :
dqeate% is required to facilitate the installation of the piston

7.5.1 Camshaft and Rocker Arm Hardness Tester an q . i . hi
Fixtures—Use a hardness tester to measure the camshaft lofi"S @nd prevent piston distortion (see 7.8.13). This type of

and rocker arm hardness in the range from 50 to 60 HR eater minimizes the heat exposure of the rods and conse-
(Hardness—Rockwell C). The tester and fixtures shall a”OV\guentIy minimizes the safety hazard to personnel.

accurate and repeatable results at the specified locations on’:2-9 Cylinder Block Stfess Pla_teslnstall two stress plates
these parts (see 7.8.6.3 and 7.8.7). on the cylinder block during honing and measurement opera-

tions to minimize cylinder bore out-of-round and taper. Fabri-
Nore 1—Repeatap|e harqlness measurements are difficult to achievgate one plate in accordance with the details shown in Fig.

without properly designed fixtures. A3.36. The second stress plate can be purchased from the
7.5.2 Camshaft Lobe Measurement Equipme#t snap  supplier detailed in X2.1.28. Install the thinner of the two

gage dial indicator is recommended for measurement oplates on top.

camshaft lobe heel-to-toe distance. 7.5.10 Cylinder Block Honing Machire- Use a Sunnen
7.5.3 Camshaft Lobe Orifice Flow Rate Device CK-10 or CV-616 honing machiréfor cylinder bore resizing
7.5.3.1 Determine camshaft lobe orifice plugging with theand finishing. The Sunnen honing lubricant or Mobil VAC-

device detailed in Fig. A3.32. The device measures restrictioMUL 3-D lubricant!® a 30-tooth ratchet, and EHU-525 and

of air flow relative to a clean lobe by means of a probe placedHU-625 (or JHU-820) honing stones are required in this

in the external opening to each lobe orifice. The device shall bapplication. See Table 1.

capable of controlling static air pressure at 10.0 in. water (2.49 7.5.11 Cylinder Bore Surface Finish Analyzer

kPa). 7.5.11.1 The analyzer is required to measure the cylinder
7.5.3.2 Calibrate the flowmeter with a reference (clean) canbore surface finish after completion of the honing operation.

lobe each time a camshaft is rated for plugging. Since th&he range of the analyzer shall cover a minimum from 8 to 20

measurement is a relative flow rate reduction, repeatabilitytin. (0.0002 to 0.0005 mm). An instrument with a mechani-

rather than absolute accuracy, is the primary concern (see Figally driven profilometer stylus is recommended since repeat-

A3.32 and 13.4.4). able measurements are difficult to achieve with a hand-held
7.5.4 Rocker Arm and Connecting-Rod Bearing Weighinginstrument.

Equipment—A precision weight scale with an accuracy of 7.5.11.2 Calibrate the surface finish analyzer with a com-

0.25 % and a resolution of 0.1 mg is necessary. Rocker arrmercially recognized surface finish calibration standard. The

weights are approximately 105 g, while individual bearingfrequency of calibration shall comply with the manufacturer’s

insert weights are approximately 20 g. specification for the particular analyzer used.
7.5.5 Unassembled Valve Spring Calibration Deviellse =~ —————

this device to screen valve springs before assembly in the **Ford Shop Manual-Ranger/Bronco Il, FPS 1987.

cylinder head (see 7.8.8.3). The spring loading is measured at "¢ Sunnen Model CRH-50 Rod Heater, or equivalent, is suggested for this

K R urpose. Information on availability is given in X2.24 .

a Compressed he'th of 1.16 in. (29-5 mm)- The tester Shaﬂ 14The Sunnen CK-10 and CF-616 honing machines and the Sunnen honing

have an accuracy of 2 % and a resolution of 1 Ibf (4.45 N). lubricant are products of Sunnen Inc., 7910 Manchester, St. Louis, MO 63143.
7.5.6 Assembled Valve Spring Calibration Device  Mobil VACMUL 3-D lubricant is a product of Mobil Oil Corp., 3225 Gallows,
7.5.6.1 This device is used to measure valve spring loading®" VA 22037

after the springs have been assembled in the cylinder head. Use

the procedure specified in 7.8.8.5 in conjunction with the TABLE 1 Honing Machine Set Up

device. A suitable fixture may be purchased from the supplier Parameter Honing Machine Model Number
detailed in X2.1.13 and X2.1.5. CK-10 Cv-616
7.5.6.2 Calibrate the valve spring force measurement devicgpindle speed, r/min 155 170
at least once every three months. The calibration technique ke rate, simin 46 57
left to the di ti f the testi lab t Feed ratchet 3or4 20r3
eft to the discretion of the testing laboratory. Position 30 tooth gear
7.5.7 Valve Stem and Guide Measurement Equipmekity Lubricant flow rate 50 % of maximum 50 % of maximum
of the following methods is acceptable for measuring valvepesired microfinish Honing Stone Selection
stem-to-guide clearance (see 7.8.6.1). One method is specifigd, 14 uin aa EHU-525 rough
(0.20 to 0.36 um) JHU-820 finish
15 to 20 pin. AA EHU-525 rough
(0.38 to 0.51 pum) JHU-625 finish ™~
poctuments
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7.5.12 Cylinder Bore Measurement Ladder The bore 7.5.18.3Engine Plug Replacemecessary for freeze plug
measurement ladder is required to ensure precise location ofstallation. (Part No. T74P-6015-A.)

the cylinder bore measurement at the top, middle, and bottom 7.5.18.4 Camshaft and Auxiliary Shaft Seal Replao@tart
of the piston ring travel. Fabricate the bore ladder in accorNo. T74P-6150-A).

dance with the details shown in Fig. A3.38. _ _ 7.5.18.5Fuel Injector Test Rig-A suitable device capable

~ 7.5.13Piston Ring Positioner-Use the piston ring posi- of accurate, repeatable flow measurement of port fuel injectors
tioner to locate the piston rings 2.0 in. (51 mm) from the uppefis required. This device shall be capable of performing neces-
surface of the stress plate. This allows the compression rings vy port fuel injector evaluations, as outlined in 7.6.11. Since

be positioned in a standard location in the cylinder bore beforg syitable commercially available apparatus has been identi-
measurement. Fabricate the positioner in accordance with thgyq, design of the test rig is left up to the laboratory.

details shown in Fig. A3.37.

7.5.14 Piston Ring GrinderA precision ring grinder is
required for adjusting ring gaps before assembly. A suitableE
ring grinder is available from the supplier shown in X2.1.21.

7.5.15 Oil Pump Calibration Device

7.5.15.1 Calibrate the engine oil pump by precisely adjust : tabl tability in th
ing the pressure relief valve, utilizing a calibration deviceN€cessary o ensure acceptable repeatability in the measure-

similar to the one detailed in Fig. A3.30 and Fig. A3.31. TheMent of parts dimensions. The relative humidity should be

device drives the pump at a constant speed and circulatégaimain?d at less than 75 % Ia p.revent moi_sture forming on
Mobil EF-411 oil 16 while the oil temperature and flow rate are cold engine parts that are brought into the buildup or measure-

controlled. The pump discharge pressure is adjusted by mearq%ent area_ls.

of the pressure relief valve. The oil flow rate sensor and readout 7.6.2 Oil Pump

shall have an accuracy of 2 % of full scale and a resolution of 7.6.2.1 Calibrate the oil pump to help provide uniform oil

0.1 gpm. The pressure measurement system shall have #aw rates from test-to-test. The oil pump is calibrated with an

accuracy of 1.0 % of full scale and a resolution of 0.5 psig (3.4l pump calibration device (see Figs. A3.30 and A3.31, and

kPa). 7.5.15.1). The oil pump relief adjuster assembly replaces the
7.5.15.2 Calibrate the oil pump calibration device at leasblanking plug and is used to position the relief valve spring

once every three months. The calibration technique is left to théluring calibration and operation (see Fig. A3.29).

discretion of the testing laboratory. 7.6.2.2 The oil pressure relief valve assembly is located
7.5.16 PCV Valve Flow Rate Device behind the blanking plug. The plug is difficult to remove, and
7.5.16.1 Use this device to verify the flow rate of the PCVit may be necessary to apply heat to the oil pump casing to

valves before the test and to measure the degree of cloggifgeak down the thread locking adhesive. After the blanking

after the test is completed. Fabricate the device in accordangdug has been removed, install the adjuster assembly.

with the details shown in Fig. A3.34. The device shall have an 7.6.2.3 Mount the oil pump on the calibration device. Fill

accuracy of 5 % of full scale and a resolution of 0.1 cfm (0.047the calibration device with EF-411 oil and circulate and heat

L/s) (see 7.6.9). the oil until it reaches 125 5°F (51.7+ 2.8°C). Adjust the oil
7.5.16.2 Calibrate the flow rate device once every sixpump speed to 1256 10 rpm (130+ 1 rad/s), and set the flow

months against a standard traceable to national standardsite at 6.6+ 0.1 gal/min (0.420+ 0.006 L/s). Adjust the relief

Perform calibration checks biweekly, or more frequently withvalve spring tension until the pump output pressure registers 60

modified PCV housings that contain fixed orifices (see Fig+ 1 psig (414+ 7 kPa).

A3.35). o o 7.6.2.4 If oil pressure fluctuations are observed during
~ 7.5.17 Probe for Engine Timing Calibraticr-Use the cyl-  cajibration, disassemble the relief valve and correct the prob-
inder probe to calibrate the crankshaft pulley and the flywheelem significant air entrainment in the oil in the calibration

at TDC of the Number 1 piston. . ~ device indicates unacceptable leakage on the suction side of the
7.5.18 Engine Service ToolsA complete list of special pump.

tools for the test engine is shown in Annex Al. The tools are
available from a Ford dealer or from the supplier listed in
X2.1.27. These are designed to aid in performing sever
service items, in addition to the following specific service

items that require special tools to perform the functions 7.6.4 Throttle Bon L .
indicated (if not self-explanatory): 7.6.4.1 The required throttle body modifications are detailed

7.5.18.1 Camshaft Belt Tension Adjusting TogPart No. in Fig. A3.19. Remove all tubes and plug the holes with pipe
T74P-6254-A). plugs and a suitable thread sealer. Remove and discard the

7.5.18.2Valve Spring Compressor Levenecessary for oute_r_ and inner throttle body sfhafF seals.. Use .of the throttle
rocker arm installation. (Part No. T74P-6565-A.) position sensor and the multiplier linkage is optional.
7.6.4.2 Disassemble and thoroughly clean the throttle body
before each test. Remove the butterfly from the throttle shaft,
¢ Mobil EF-411 oil is a product of Mobil Oil Corp., 3225 Gallows, Fairfax, VA and remove the shaft from the throttle body. Discard the rubber
22037. throttle body shaft seals, and soak all partDﬁOummt\S
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7.6 Miscellaneous Engine Components—Preparation

7.6.1 Engine Buildup and Measurement Area—
nvironment—The ambient atmosphere of the engine buildup
and measurement areas shall be reasonably free of contami-
nants. A relatively constant temperature (within3°C) is

7.6.3 Oil Pump Pickup Tube and ScreenClean the oil
ickup tube and screen assembly, and inspect the assembly for
efects.
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available carburetor cleaner. After the parts have been thoReject any PCV valve that does not exhibit an average flow

oughly cleaned and air-dried, install new throttle body shaftrate between 2.40 and 2.90 c¢fm (1.13 and 1.37 L/s) at 8 and

seals. The seals should be lightly lubricated on all surfaces witth8-in. Hg vacuum.

EF-411 oil to facilitate installation. Do not use any other 7.6.10 Water Pump Drive SystemUse only the pulleys

lubricant on the seals. Reassemble the throttle body. provided in the Sequence VE Test Stand Set-Up Kit (see Table
7.6.4.3 There is no specific life for the throttle body. A4.2) to ensure that the water pump rotates at the proper speed.

However, the clearance between the bore and the butterfly will 7.6.11 Fuel Injectors

eventually increase and render the body unserviceable. When7.6.11.1 Prior to engine installation, evaluate all injectors

the clearance becomes too great to allow control of speed, loathew and used) for spray pattern and flow rate using a suitable

and air-fuel ratio during Stage 3, discard the throttle body. apparatus as identified in 7.5.18.5. The evaluation procedure is
7.6.5 Intake Manifold outlined in this section. Injectors may be cleaned and reused if

7.6.5.1 The intake manifold is comprised of three partsthe criteria outlined in this section are satisfied.
upper intake manifold, lower intake manifold, and intake 7-6.11.2 Flush new injectors for 30 s to remove any assem-
manifold spacer. The spacer is necessary to allow the upp®y residue before flow testing.
intake manifold to clear the RAC (see Fig. A3.20). The spacer /-6.11.3 Using a rig as described in 7.5.18.5, place the
can be purchased separately or as part of a kit of modified part8jector(s) in the rig and turn on the pressure source. After the
available from the supplier detailed in X2.1.13. Modify the Pressure source is turned on, the test fluid (see 7.7.1) will start
intake manifold, as detailed in Fig. A3.21. Block the EGR 0 flow through the injector(s). Maintain the test fluid pressure
valve port by means of a cover plate or pipe plug. Locate théupplied to the injector(s) at 3% 0.5 psi (269* 3.4 kPa)
PCV valve vacuum connection at the lower port on the uppefuring the entire test. The maintenance of this pressure is
intake manifold, as detailed in Fig. A3.21. Locate the intakeCfitical because a small change in pressure will have a dramatic
manifold vacuum measurement, fuel pressure regulator, argffect on the flow rate and spray pattern. Once pressure is set,
manifold absolute pressure (MAP) sensor connections at théero the volume measuring device.

upper port on the upper intake manifold, as detailed in Fig. 7-6-11.4 Apply pressure to the closed injector(s) for at least
A3.21. 30 s. The injector(s) shall not leak or drip. Replace any injector

7.6.5.2 Disassemble and thoroughly clean the intake manfhat 1eaks or drips. . _ .
fold before each test by soaking in a commercially available 7-6-11.5 Flow-test each injector for a 60-s period. While the
carburetor cleaner. This is followed by a hot (> 60°C) wateriniector is flowing, make a visual observation of the spray

rinse and forced air-drying. The intake manifold can be used ifPattern quality. The spray pattern should be typical for the
repeated builds. make and model of the injector.

7 6.6 Rocker Arm Cover 7.6.11.6 The total flow for each injector after the 60 s test

7.6.6.1 Before each test, flush the RAC coolant jacket withShall be between 3.7 oz (109 &and 4.5 oz (134 c at 39

a mixture of hot (>60°C) water and tri-sodium phosphate.i.o'5 psi (269 3.4 kPa) of test ﬂu".j pressure. Discard any
T ! injector that flows above or below this range.
detergent. After flushing, inspect the coolant jacket. If a deposit 7.7 Solvents and Cleaners RequiredNo substitutions for

or film is present, clean the RAC coolant jacket with a . ) :
. . : . he following are allowed: Warning—Use adequate safety
commercially available de-scaling cleaner, neutralizer, ané

R rovisions with all solvents and cleaners.)
g]:tia\billteoé i%s$e78.4.4.1). Examples of acceptable cleaners aré 7.7.1 Aliphatic NaphthaStoddard solveff or equivalent is

- satisfactory.
7.6.6.2 Inspect the appearance of the interior surface of the 7792 Etr){yl Acetate

RAC. If the before test rating is less than ten on the CRC 7.7.3 Organic SolventPenmul L4688 or Oakite 81129

varnish rating scale (Manual 14), polish the interior surface 7.7.3.1 Implement the specified gas chromatographic moni-

lightly with Number O fine steel wool to achieve a fine dull toring program (see Annex A10) when using Oakite 811 to

shine. Rinse the cover with aliphatic naphtha and allow toprevent gelatinous-type coatings on water-rinsed parts.
air-dry before use. 7.7.4 Pentane

7.6.7 Camshaft Baffie-Polish the camshaft baffle with 7 7 5 Tri.Sodium Phosphate Detergemtylinder block and
Number O fine steel wool to achieve a fine finish. Rinse withg A cleaning detergent.
aliphatic naphtha and allow to air-dry before use. 7.7.6 Formulation No. 7 Cooling System Cleaner —Heavy-

7.6.8 Oil Pan—Inspect the appearance of the tin plating onpyty 20 cooling system flushing agent to engine cooling system
t_he internal surface of.the pan. Poh;h I|gh_tly W|th Number cheanser consists of the following:
fine steel wool to ach|¢ve a dull shine. Rinse with aliphatic 7.7 6.1 Oxalic Acid Dihydrate Tech
naphtha and allow to air-dry before use. Replate the pan when
the finish becomes unserviceable (see 7.4.6).

7.6.9 PCV \_/alve_Mea_‘SLlre and I'ECOI’d the f|OW rate_s of the 17Stoddard Solvent is a product of UNOCAL Chemicals Division. 7010
PCV valves with the calibrated flow device described in 7.5.16vykawa St., Houston, TX 77033.
and Fig. A3.34. Measure the flow rate at 8 and 18-in. Hg (27 *°Penetone L460 is a product of Penetone Corp., P.O. Box 22006, Los Angeles,

g e 90022.

and 61 kl.Da) vacuum. Because of .the hyster(_35|s n the P.CQA“’Oakite 811 is a product of Oakite Products, 10100 Hirsch, Houston, TX 77016.
valve spring, make the Vacuum adJUStmentS In one dlre(;t|0n 20 Formulation No. 7 Cooling System Cleaner—Hgavy-Duty is a product of
only. Measure the flow rate twice and average the reading®rmor All. Department 2224, SCF, Pasadena, CA glﬁ.OChmeniS
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7.7.6.2 Alkylated Naphthalene, Sodium SaltPetro Dis- (6.012 and 6.073 mm). Note that thefore testheal-to-toe

persant 425 (soap). dimension is also used as the baseline measurement for
7.7.6.3 Soda Ash Light-(Neutralization). determining wear (see 13.6.1). Record the actual values for
7.7.7 Dearsol 134 Acidic Cleaner with Inhibitpor equiva-  both measurements in the appropriate spaces of the form in
lent). RAC cooling system cleaner. Fig. X1.3.
7.7.8 Commercial solventdesignated for cleaning carbure- (b) Lobe Hardness Measuremenlleasure and record
tors. the lobe hardness 180° from the maximum lift point and

7.8 Assembling the Test Engine—Preparatieffaunctions  approximately 0.05 in. (1.3 mm) from the forward edge of each
that are to be performed in a specific manner or at a specifiwbe. Include the individual cam lobe hardness measurements
time in the assembly process are noted. Any assembly instruon the hardness measurement data sheet (see Fig. X1.4).
tions not detailed as follows should be completed in accor- (c) Oil Groove MeasurementsMeasure and record the

dance with the instructions in Footnote 14. oil groove depth and width on the Number 2 and 3 journals.
7.8.1 Parts Selection-Instructions concerning the use of Calculate the nominal depth and width using the following
new or used parts are detailed in 7.1.1, 7.2, and 7.3. equations:
7.8.2 Engine Measurement RecordfRecord the engine G+D
measurements on data sheets equivalent to those shown in nominal groove depth- — (1)
Appendix X1.

7.8.3 Buildup Lubrication—Lubricate all engine parts with  where: _
EF-411 oil during assembly. G maximum groove depth, and
7.8.4 Sealing CompoundsNo specific compounds re- D minimum groove depth.

quired. ) ) E+R
nominal groove width= — 2

Note 3—Silicone-based sealers should be used with care since they can
elevate the indicated silicon content of the used oil. Also use tape sealerg,pgre:

with care because tape fragments can plug oil orifices in the oiling systemE maximum groove width, and

7.8.5 Gaskets and SeaisUse new gaskets and seals at all R minimum groove width.
locations during each engine assembly. The nominal oil groove depth shall be between 0.039 and
7.8.6 Cylinder Head 0.047 in. (0.99 and 1.19 mm), and the nominal oil groove width
7.8.6.1 Cleaning—Rifle-brush cylinder head guides with a shall be between 0.052 and 0.063 in. (1.32 and 1.60 mm). The
valve guide brush and aliphatic naphtha. Remove the end pluggooves can be machined to bring the dimensions within the
of the camshaft and rifle-brush the central gallery with a valvespecifications. Reject any camshaft that cannot be modified to
guide brush and aliphatic naphtha. Rinse with aliphatic naphthachieve these specifications.
and air-dry with compressed air. Reinstall the camshaft end 7.8.6.5 Lobe Hole MeasurementsMeasure and record the
plugs after the air-drying. lobe hole diameter on each lobe. The lobe hole diameters shall
7.8.6.2 Valve Guides-Measure and record the valve stem- be between 0.047 and 0.055 in. (1.19 and 1.40 mm). The holes
to-guide clearance for each valve (see 7.5.7). The clearancean be drilled to bring the diameters within the specification.
shall be within the following specifications: exhaust at 0.0019Reject any camshaft that cannot be modified to achieve this
to 0.0032 in. (0.048 to 0.081 mm) and intake at 0.0014 tcspecification.
0.0027 in. (0.036 to 0.069 mm). The clearances can be adjusted7.8.6.6 Journal Through-Hole Measurements Measure
by selectively fitting valves or reaming the valve guides.  and record the journal through-hole diameter of the Number 2
7.8.6.3 Camshaft Bearings-Inspect the bearings for any and 3 journals. The journal through-holes shall be between
anomalies and ensure the bearing holes are properly aligngi116 and 0.124 in. (2.95 and 3.15 mm). The holes can be
with the oil gallery in the Number 2 and 3 pedestals. Tap thedrilled to bring the diameters within the specification. Reject
0.237-in. (6.02-mm) holes in the top of the pedestals to receivany camshaft that cannot be modified to achieve this specifi-
the cam baffle hold-down bolts (see Fig. A3.24). While Fig. cation.
A3.24 shows tha¥ie-in. (8—mm) machine screws are satisfac-
tory for this purpose, experience has shown that 7-mm mac:hint
screws may be a preferred alternative.
7.8.6.4 Camshaftinstall 1992 VF kit cams, part no. E59E-  7.8.7 Rocker Arms-Clean each rocker arm with ethyl
6251-DA, serial numbers 920160 through 922882 (availablecetate and allow the rocker arm to air-dry before taking any
October 31, 1993) for all reference oil tests and associatetheasurements. Measure and record the hardness and weight of
non-reference oil tests starting on or after October 1, 1994. each rocker arm. The hardness is measured on the cam lobe
(a) Lobe Height and Lift MeasuremenMeasure and mating surface toward the fulcrum end of the rocker arm. The
record the heel-to-toe dimension of each camshaft lobe at th@easurement shall be within 0.100 in. (2.5 mm) of the edge of
maximum lift point and at a plane perpendicular to thethe camshaft mating surface and near the centerline of the
maximum lift point. Subtract the value taken perpendicular torocker arm. Reject any rocker arm that exhibits a hardness less
the maximum lift point from the heal-to-toe value. This than 57 HRC. A special holding fixture for the rocker arm is
difference is the camshaft lift. Reject any cam that exhibits aequired for hardness measurements (see 7.5.1).
lift value that does not fall between 0.2367 and 0.2391 in. 7.8.8 Valve Springs Documents
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Note 4—The axis of the journal through-hole is not perpendicular to
e centerline of the camshaft.
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7.8.8.1 Free Length—The valve spring free length should (o) Position cylinder head in fixture with exhaust valve

be between 1.9 and 2.0 in. (48.3 to 50.8 mm). springs accessible. Conduct ste@ through () for each
7.8.8.2 Out-of-Square-The valve spring out-of-squareness exhaust valve spring.
should be 0.075 in. (1.91 mm) maximum. (p) Replace any springs requiring applied force less than

7.8.8.3 Load—If the springs are within the free length and 159 Ib (707 N) or more than 175 Ib (778.4 N). Recheck spring
out-of-square specifications, then measure the load in thealibration and record compressed force of any replaced
unassembled valve spring calibration device (see 7.5.5). Thisprings (see stegsthroughm).
should be 167t 8 Ibf at 1.16= 0.03-in. (740= 20 N at 29.5 7.8.9 Short (Cylinder) Block-Use the 1992 VF cylinder
+ 0.8-mm) deflection. block (1992 VF cylinder block, part number F37E-6010-AB, is
7.8.8.4 Installation—Lubricate each valve seal and valve available for use October 31, 1993) for all reference oil tests
stem with EF-411 oil. Install the valve seal over the end of theand associated non-reference oil tests starting on or after
valve stem with a plastic installation cap in place. CarefullyOctober 1, 1994.
seat the seals fully on the guides. Install prescreened valve 7.8.9.1 Initial Preparation—Disassemble the short block
springs and retainers. When installing the valve springs anéind remove all gallery plugs and freeze plugs. Reinstall the
retainers, do not compress the springs excessively. Excessivgain bearing caps and torque them to 8% Ibf-ft (115+= 7
spring compression can damage the valve seals. Measure aNdm). Inspect the coolant jacket to ensure the coolant passages
record the assembled height of the valve springs in accordanege reasonably free of casting slag. Remove the external oil
with the procedure described in Footnote 15. The assembleskparator on the left side of the crankcase. Plug the hole with
height shall be between 1.53 and 1.59 in. (38.8 and 40.4 mm} ¥,-in. NPT pipe plug. Remove the internal sheet metal baffle
7.8.8.5 Calibration: located inside the block, underneath the oil separator passage.
(a) Check calibration of fixture load cell. Verify within Tap the dipstick tube hole to accep#ain. NPT pipe nipple
procedure limits. Make calibration adjustments as required t¢see 7.4.4). Tap the monolithic timing port to accep¥san.

achieve + 0.4 Ib ( + 1.8 N) accuracy. NPT pipe (see 7.4.3).
(b) Check head support fixture for correct setup for the 7.8.9.2 Cleaning—Submerge the cylinder block in agitated
VE cylinder head. organic solvent (see 7.7.3) until clean (approximately 1 h).
(c) Place VE cylinder head in holding fixture with intake Rinse the parts thoroughly with hot water (> 60°C). Spray rinse
valve springs accessible. with aliphatic naphtha and use compressed air to force air-
(d) Position air cylinder/load cell to allow compressing drying. If the cylinder block is going to sit idle for an excessive
intake valve spring No. 1 (far left). period of time before honing, spray all parts with aliphatic
(e) Position dial indicator with plunger on rocker cover naphtha containing 10 % EF-411 oil by volume. Perform final
gasket rail (see Fig. A3.47). cylinder block cleaning and preparation after the block is

(f) With zero air pressure to air cylinder, position the dial honed and the pistons and rings are fitted.
indicator to achieve exactly 0.100-in. (2.54-mm) deflection 7.8.9.3 Honing
preload against the rocker cover rail. This allows determination  (a) Install a used head gasket between the block and the

of positive or negative displacement of the valve. stress plate. Install the stress plates (see 7.5.9), main bearing
(9) Actuate the air cylinder in a rapid consistent manner tocaps, and water pump for honing and measurement of the
compress the intake valve spring. cylinder bores and ring gaps. Use torque-to-yield bolts when

(h) Adjust air regulator to achieve exactly 0.400-in. installing the stress plates. Torque the head bolts in accordance
(10.16-mm) valve spring compression. This is indicated asvith the sequence described in Footnote 14 in two stages, 55
0.500 in. (12.70 mm) on the dial indicator. 5 Ibf-ft (75+ 7 N-m) and an additional 90 to 100° clockwise

(i) Discharge the air cylinder in a consistent manner andotation.
allow intake valve to close to the fully seated position. The dial  (b) Install the block in a honing machine. (Sunnen CK-10
indicator should read 0.100 in. (2.54 mm) (zero valve displaceer CV-616 honing machines have been found suitable. How-
ment). ever, any honing machine capable of producing the desired

() If the dial indicator did not accurately repeat cross-hatch pattern and cylinder microfinish can be used.) The
0.100 + 0.001-in. (2.54 + 0.02-mm) reading, conduct stefps ( appropriate Sunnen honing machine setups and honing stone
through (i) and adjust the dial indicator as necessary to achieveelections are shown in Table 1. These speeds and stroke rates
accurate repeatability of indicated seated and displaced valygovide a cross-hatch pattern with a 30 or 40° maximum
positions (0.100 in. and 0.500 in.). included angle. The selection of stones is optional as shown in

(k) If the dial indicator accurately repeated the desiredTable 1.
value, actuate and discharge the air cylinder three additional (c) Experience has shown that two complete strokes with
times and verify repeatability of the indicated valve positions.the rough stones are required to break up the bore glaze and

() Open air valve to compress valve spring to theprevent the finer stones from loading up with debris. Ten to

displaced position. fifteen strokes are required to obtain the desired cylinder
(m) Record indicated force (Ib). microfinish. The honing lubricant shall not contain any exces-
(n) Position air cylinder/load cell to check remaining three sive amount of honing debris.

intake valve springs. Conduct steps through () for each (d) If the cylinder block has been used in a previous test,

remaining intake valve spring. make sure all worn areas are eliminated Ldvrem
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worn areas are still present after honing, re-hone the cylindemubbing the piston with a Scotch Brite7445 pad. Reject any
block to the next larger size or discard the cylinder block.  pistons from which discoloration cannot be removed.
7.8.9.4 Surface Finish—Measure the finish of each cylinder ~ 7.8.10.2 Oversizes-Either of the piston oversizes included
bore using a 0.030-in. (0.76-mm) cutoff on the profilometer.in the Sequence VE Test Engine Parts Kits, 0.2 or 0.5 mm, can
Record the typical finish measured at the top, middle, andbe used. However, all pistons in a given engine shall be of the
bottom elevations of the bores. Calibrate the profilometesame nominal oversize. Tests starting after May 19, 1998, may
frequently. use 0.5-mm pistons, modified in accordance with Annex A15
7.8.9.5 Bore Measurements by C&F Tool and Dié? and inspected by Test Engineering,

(a) Measure the cylinder bores with the stress plate and thinc.2® Use pistons modified in accordance with Annex A15 for
main bearing caps in place. Clean the bores with a dry rag untdll tests started on or after December 31, 1998, with 0.5-mm
no further residue appears after wiping. The bores shall beversize pistons.
clean and dry when they are measured. Use the bore ladder (se€.8.10.3 Measuremert-Measure and record the piston di-
Fig. A3.38) and a bore gage micrometer to determine thameter at the wrist pin centerline elevation, perpendicular to
diameter of each cylinder at the top, middle, and bottom othe wrist pin centerline, and across the extended tips of the
second compression ring travel in both the longitudinal angiston skirts. Use the wrist pin centerline diameter to determine
transverse directions. the fitted clearance. Piston taper is the difference between the

(b) Record the bore diameters in 0.0001-in. incrementgperpendicular centerline diameter and the skirt diameter. Posi-
over 3.7800 in. (0.003 mm over 96.010 mm). The cylinder boredive piston taper means the skirt diameter is greater than the
out-of-roundness represents the difference between the longierpendicular centerline diameter. The taper shall be positive
tudinal and transverse diameters. Calculate and record thend shall not exceed 0.0015 in. (0.038 mm).
out-of-round value for each second ring travel location. This 7.8.10.4 Selectior—Select each piston to provide a calcu-
value shall not exceed 0.0010 in. (0.025 mm) at any locationlated 0.0014 to 0.0022-in. (0.036 to 0.056-mm) clearance to its

(c) Calculate and record the cylinder bore taper value fobore. (Alternatively, the cylinder bores can be honed to fit the
each cylinder: this represents the difference between the largesistons on hand.) Install the pistons in their respective bores to
and smallest diameter in a given cylinder bore. This value shalferify each piston is properly sized.

not exceed 0.0015 in. (0.038 mm) at any location. If the Note 6—Threading a feeler strip between the piston and the cylinder

CY"Udef bore qgt—of-round, taper, and m'Cro'f_'n'Sh are noty ., js a simple method to verify the piston-to-cylinder wall clearance.
within the specified tolerances, rehone the particular bore(s)remove the pistons for installation on the connecting rods.

culate the average bere diameter for each cyinder using the 1511 Piston Rings
9 y 9 7.8.11.1 Selectior—Select the proper oversize piston rings

mlddle_and bottom transverse diameters. Record the ave.raggcorrespond with the nominal piston oversize. As an example,
bore diameter and the calculated range of acceptable pIStO6{10.15—mm oversize ring corresponds with a 0.20-mm oversize

sizes that can be fitted in each bore. These data will be useﬁjlston and a 0.45-mm oversize rina corresponds with a
when fitting pistons to specific cylinders. 0 50-rr’1m oversizé piston 9 P

Note 5—Final sizing of the cylinder bores depends on the pistons 7.8.11.2 Ring Gap AdjustmentEnlarge both compression
available for fitting. ring gaps on each piston-and-ring assembly to obtain the

7.8.9.6 Final Preparations—After honing, bore measure- specified blowby flow rate. Ring gaps ranging from 0.048 to
ment, piston ring gap adjustments, and piston fitting, soak th8-096 in. (1.2 to 2.4 mm) have been used successfully in
block in agitated clean organic solvent (see 7.7.3) for 1 h. Rins&arious laboratories. Any combination (wider or narrower top
the block with a mixture of hot (> 60°C) water and tri-sodium ring gap or second ring gap) is acceptable. Enlargement of the
phosphate detergent and flush out all oil and coolant passage# ring gaps is not necessary to achieve satisfactory control of
until no residue appears. Final rinse with hot (60°C) waterthe blowby flow rate.
Spray the block with aliphatic naphtha containing 10 % EF-411 (@) Position each ring in its respective cylinder with the
oil by volume. Use compressed air to force air-drying.ring positioner (see Fig. A3.37) so that the gaps are located at
(Warning—Do not spray the aliphatic naphtha/EF-411 oll
mixture into the coola_mt passag.es' Clear a". passages V.Vi 2 The sole source of supply of Scotch Brite 7445 pads known to the committee
compressgd air and wipe the cylinder bores with EF-411 OII')at this time is 3M Abrasive Systems Division, 3M Center, Building 223-6N-01, St.

7.8.10 Pistons Paul, MN 55144-1000 U.S.A. If you are aware of alternative suppliers, please

7.8.10.1Inspection of Tin P|ating Quali%y— Reject any  provide this information to ASTM Headquarters. Your comments will receive
pistons with tin plating that is peeling or flaking. Examine thec;rjefmugco;f;izration at a meeting of the responsible technical committee, which
skirt surfaces for discoloration. Remove any discoloration b 22Th)é sole sc.)urce of machining services known to the committee at this time is

C&F Tool and Die, 7206 Eckhart Rd., San Antonio, TX 78238. If you are aware of
alternative services, please provide this information to ASTM Headquarters. Your
comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend.

23 The sole source of inspection services known to the committee at this time is
Test Engineering, Inc., 12758 Cimarron Path, Ste. 102, San Antonio, TX 782249-
3417. If you are aware of alternative services, please provide this information to
ASTM Headquarters. Your comments will receive careful gapsideration at a meeti
of the responsible technical committee, which you may ﬁﬂcu men{gs
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the center of the thrust side of the cylinder wall. Measure and
record the ring gaps. |

7.8.11.3Installation—Remove burrs from the ring ends.
Then, install the compression rings and the oil control rings on l
the pistons with the gaps located outside the skirt areas. The
gaps should be staggered at approximately 180° intervals. The
gaps should be located alternately toward the front and rear of
the engine.

7.8.11.4Side Clearance-Measurement of the ring side
clearance is not required but can help prevent possible blowby
flow rate control problems. The side clearance should be
between 0.0010 and 0.0030 in. (0.025 and 0.075 mm).

7.8.12 Connecting Rods-Measure and record the big end
oil orifice diameter. The orifice diameter shall be from 0.062 to
0.068 in. (1.57 to 1.72 mm). The orifice can be drilled to STEAM N

CONDENSATE
out

achieve the specified diameter. @ MXING TANK

7.8.13 Wrist Pins—Heat the small end of the connecting rod @ ELECTRIC PUMP.
in a connecting rod heater (see 7.5.8). Insert the wrist pin () STEAM HEAT EXCHANGER.
through the piston and rod by hand and center the pin on the

. . . @ PROCESS STEAM CONTROL VALVE.

connecting rod. Commercial connecting rod heaters have a
fixture to ensure precise centering of the piagning—In © SYSTEM TEMPERATURE CONTROL SENSOR
addition to other precautions, use extreme care when working ® FLOWMETER.
around the connecting rod heater and handling the heated @ OUTLET VALVE (TO ENGINEL.
I’OdS.) RECIRCULATION VALVE.

7.8.14 Connecting Rod BearingsMark position numbers @ INLET VALVE (FROM ENGINE)

on the connecting rod bearings. Rinse the bearings in aliphatic
naphtha, then in pentane, and air-dry. Weigh and record the
weights of each bearing half.

7.8.15 Crankshafi—Inspect the bearing journals carefully. ) ) ) ) )
Polish the journal surfaces with Number 320 or 400 grit crocus F'G- 2 Schematic of Typical E’g;rr‘f Cooling System Flushing
cloth and EF-411 buildup oil. Measure and record the journal

diameters. The maximum journal out-of-roundness shall b(?nm). The allowable clearances are 0.0008 to 0.0026 in. (0.020

between 0.0000 and 0.0006 in. (0.000 and 0.015 mm). Spr ; . X
the crankshaft with aliphatic naphtha containing 10 % EF-41a1%$ g 36(;1'rg)y?{re(rfrgfﬂﬁgg%ézgdir;?aﬁr?ﬁekz?lagunr;?ntggaor;r gs.

oil by volume. ; ;
. N . . pump pickup tube and screen assembly, and the oil pan.
7.8.16 Modify the crankshaft ignition trigger by drilling out ™ 7 g g Cylinder Head—Install the cylinder head on the

the rivets, tapping the holes to accept a machine screw, andjinger plock. Use new torque-to-yield cylinder head bolts.

relocate the hall effect ring to obtain 28° BTDC, at 750 r/mm.Do not use any sealing or anti-seizure compound on the
7.8.17 Modify the cylinder head drain holes in accordanceyjinder head gasket. Lubricate the head bolts with EF-411 oil.

with Fig. 2. . . Torque the head bolts in accordance with the sequence de-
7.9 Assembling the Test Engine—Installations scribed in Footnote 14 in two stages: 855 Ibf-ft (75 = 7
7.9.1 Crankshaft and Miscellaneous Cylinder Block N.m) and an additional 90 to 100° clockwise rotation.

Components-Install all oil gallery plugs. Remove the main  7.9.6 Camshaft and Related Components
bearing caps and install the main bearings in the cylinder 7.9.6.1 Install the camshaft.

block. Install the crankshaft and install the front cover. Install 7.9.6.2 Do not remove the oil in the new lifters. Fill the
the main bearings in the main bearing caps and torque the majifiters with EF-411 using the lifter fill chamber, Part No.

bearing caps to 8% 5 Ibf-ft (115= 7 N-m). Install the front BX-390-1. This lifter fill chamber is available from the
cover. Measure and record the main bearing clearances. Tk@pplier shown in X2.1.13.

desired clearances are 0.0015 to 0.0020 in. (0.038 to 0.051 (a) Lifter Fill Chamber Operation-Install lifters in the
mm). The allowable clearances are 0.0008 to 0.0026 in. (0.02(ter holding fixture in an upright position. Add sufficient
to 0.066 mm). quantities of EF-411 to cover lifters. One litre has proven
7.9.2 Auxiliary Shaft Drive—Install the auxiliary shaft and satisfactory. Close chamber, start vacuum pump, and hold
the auxiliary shaft drive sprocket. Install a petcock with avacuum for 10 min. Maintain 15-20 in. Hg (381-508 mm)
provision for a drain hose on the right side of the block at thevacuum throughout filling. Release vacuum, open chamber,
existing drain plug location. raise holding fixture, and allow lifters to drain for 10 min. in
7.9.3 Pistons—Install the pistons in the correct cylinder upright position. Coat the lifter bodies with buildup oil prior to
bores. Measure and record the rod bearing clearances. Thestallation. Replace buildup oil in lifter chamber after filling
desired clearances are 0.0015 to 0.0020 in. (0.038 to 0.0%hree sets of lifters. Install the lifters in tIBQthH’I‘FI&mtS
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7.9.6.3 Install 1995 kit rocker arms, using Ford service tool, FROBE A0
Part No. T74P-6565A. Install the camshaft drive sprocket, andisfie muro S sl BACK-PRESSURE assEnaLy
measure and record the camshaft end-float. PROBE_AND_SAMPLE "N PROBE y

'PROBE CONFIGURATION

% [
b

SAMPLING EXHAUST Z}
PROBE FLOW rF
o b

7.9.6.4 Install the auxiliary shaft sprocket and align the cam
drive. Torque the sprockets in accordance with the procedure
noted in Footnote 14. Install a new camshaft drive belt. Tension ¢ ===
the camshaft drive belt in accordance with the procedure note o—lm
in Footnote 14. Sealer may be required on the camshaft drive
sprocket bolts if they have been used before.

7.9.6.5 Install the camshaft baffle and check to ensure the
camshaft baffle does not come in contact with the RAC interior ot

. . . . - BE POSITIONED AT ANY ANGLE
surfaces. The correct mounting orientation of the baffle IS  hois e crcuFereics of T HOUSHG, PROVOED- -

i 1 1. THE EXHAUST BACK-PRESSURE PROBE IS POSITIONED UPSTREAM AND THE EXHAUST
shown in Fig. A3.24. GAS SAMPLEQPROBENIS P%S#Tw#ioagwprtggﬂgm
7.9.7 Rocker Arm CoverInstall. 2 THE PROSE £ 15 CONCRE
. SCHEMATIC OF TYPICAL
7.9.8 Water Pump, Water Pump Drive, and Crankshaft ALE ouK GAS ANALYSIS SYSTEM
Ignition-Trigger—Install modified crankshaft trigger, the water DISCONNECT |j CONDENSER
pump, and the water pump and crankshaft pulleys (part A== 7% PARTICULATE o e
numbers E9TZ6312A and E69Z8509D) or FZZZ6312A andl 1/’ \ T':"f\“ Y Y] / jSiNS"L
F27A8509BA. Install the camshaft drive belt cover.
7.9.9 Miscellaneous Parts-Install the intake manifold and \c!on PUMP
insert the spacer between the upper and lower half of the intak REf RIGERATED X
WATER BYPA

manifold. Install the freeze plugs. TRAP (0PTIONAL)

EXHAUST GAS
SAMPLE PROBE

FLOWMETER

co Q2
ANALYZER ANALYZER

||>4 B

X

BYPASS
(OPTIONAL)

Note 7—Alternatively, the intake manifold and freeze plugs can be
installed after the engine is installed on the test stand.

7.10 Engine Installation on the Test Stard-unctions that
are to be performed in a specific manner or at a specific timg
in the assembly process are noted.

7.10.1 Mounting the Engine on the Test Stanillount the
engine on the test stand so that the flywheel friction face is 4.0
+ 0.5° from vertical, with the front of the engine higher than
the rear. The engine mounting system should be designed to
minimize engine vibration at 750 and 2500 rpm (80 and 26QStainless steel probes are generally serviceable for several
rad/s). Couple the engine directly to the dynamometer througtests; mild steel probes tend to become brittle after one test.
a driveshaft. The engine cannot be used to drive any extern@Warning—Exhaust gas is noxious \Marning—Any leaks in
engine accessory other than the water pump. the connections to the sample probe will result in erroneous O

7.10.2 Flywheel Timing Index Calibratior If ignition readings and incorrect air-fuel ratio adjustment.)
timing is measured at the flywheel, calibrate the position of the 7.10.4 Fuel Management System
flywheel index pointer to TDC of the number one cylinder (see 7.10.4.1Fuel Rail Assembly
7.5.17) Warning—A significant amount of backward crank- (&) The fuel injectors may be used for several tests,
shaft rotation can cause the timing belt to jump time because girovided the spray pattern and flow rate are checked (see
the arrangement of the belt tensioner.) 7.6.11). There is currently no specified life of the fuel injectors.

7.10.3 Exhaust Manifold Use only fuel injectors that have demonstrated flow rates of 3.7

7.10.3.1Installation—Install the required water-cooled ex- to 4.5 0z (109 to 134 cfyat 39+ 0.5 psi (26% 3.4 kPa) for
haust manifold shown in Fig. A3.8 and Fig. 3 (see supplier60 s.

FROM ENGINE

05% 07 IN Nz
05% CO IN Ny

65% CO IN Ny

4000-5000 ppm NO
10% 0y IN Ny

INDUSTRIAL OXYGEN

-
CALIBRATION GASES

FIG. 3 Exhaust System and Exhaust Gas Analysis Apparatus

listed in X2.1.7). (b) Inspect the O-rings to ensure they are in good
7.10.3.2Gas Sampling and Back-Pressure Measurementondition and will not allow air leaks. Install the fuel injectors
Fittings: into the fuel rail and into the lower intake manifold. Connect

(&) The required fitting for exhaust gas sampling andthe wiring harness to the fuel injectors. The injectors should be
back-pressure measurement is illustrated in Fig. 3 and detailgzhired so that Cylinders 1 and 4 and 2 and 3 are in parallel (see
in A3.5. 7.10.4.2).

(b) Install the exhaust gas sample and exhaust back- 7.10.4.2Injector Pulsing
pressure probes. Check all exhaust system connections to (a) The fuel injectors are pulsed in alternating pairs, the
ensure they are secure. pairs consisting of Cylinders 1 and 4 and 2 and 3 respectively.

(c) The exhaust back pressure/exhaust gas sample probAsschematic diagram of the necessary external connections to
can be used until they become unserviceable. If the existinthe injector wiring harness is shown in Fig. A3.44. Each
probes are not cracked, brittle, or deformed, clean the outénjector pair is pulsed once per crankshaft revolution, without
surface and clear all port holes. Check the probes for possiblespect to crankshaft position. Typical pulse widths measured
internal obstruction and reinstall the probes in the exhaust pip@n the Ford EEC-IV system are de<crib@00b| m&mts
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section. A drawing showing what a pulse width represents iss properly controlled throughout the test. It is recommended

shown in Fig. A3.45. The pulse widths will vary slightly from that the laboratory utilize the modified Ford EEC-IV system or

engine-to-engine, although they should remain consistent foran analog or digital system available from the suppliers

given engine at a given fuel pressure. The measurement of fudktailed in X2.1.14.

injector pulse widths is not required, although the measurement 7.10.5 Ignition System

is a useful diagnostic tool. 7.10.5.1 Components-Modifications to the ignition system
(b) Typical fuel injector pulse widths for Stage 1 are 7.000are required. Modify the wiring harness by removing all

to 7.500 ms (approximately 38-psig [262-kPa] fuel pressure)circular connectors, except for the crankshaft ignition trigger

for Stage 2 are 6.700 to 7.200 ms (approximately 38-psigonnection. Figure A3.49 shows the required distributorless

[262-kPa] fuel pressure), and for Stage 3 are 2.500 to 3.500 nignition system connections.

(approximately 30-psig [207-kPa] fuel pressure). (The test 7.10.5.2 Spark Plugs—Install new Motorcraft AWSF-44 or

stages are detailed in Table 2.) AWSF-44C* spark plugs that have been gapped to between

7.10.4.3 Different Methods Currently Used 0.042 and 0.046 in. (1.07 and 1.17 mm). Torque the spark plugs

(@) The fuel management controller hardware is notto between 5 and 10 Ibf-ft (7 and 14 N-m). Install the spark plug

specified. The fuel management methods currently in use caniring harness but do not install the distributor and ignition

be divided into five basic types of systems; modified Fordmodule at this time.

EEC-IV, open-loop analog, open-loop digital, closed-loop 7.10.6 Crankcase Ventilation System

analog, and closed-loop digital. Process flow diagrams of 7.10.6.10il Separator—Cut the 1.25-in. (31.8-mm) inside

typical open-loop and closed-loop digital systems are detailediameter polyethylene hose to approximately 1.5-in. (38-mm)

in Fig. A3.22 and Fig. A3.23. Whatever fuel managementlength and install the oil separator on the front of the RAC.

system is used, there are specific ramping performance requirbtaintain the distance between the bottom of the separator

ments (see 12.2.3.2)se adequate precautions to ensure theadaptor (Item 4, Fig. A3.16) and the top of the RAC at &5
fuel injectors cannot function while the engine is shut down. Ir0.25 in. (139.7+ 6.4 mm) (see Fig. A3.15). The alignment of
addition, design the fuel management system to prevent exces-

sive fuel input during engine startup.

(b). Exercise great care in the design, manufacture, and 24 Motorcraft AWSF-44 and AWSF-44C spark plugs are products of Ford
operation of the fuel management system to ensure that lambagstribution Center, 11871 Middleton Belt, Levonia, Ml 48150.

TABLE 2 Operating Specifications

Controlled Stage
Iltem A
Parameter 1 2 3

Stage length min 120 75 45

Engine speed r/min 2500 * 10 2500 + 10 750 = 25

Engine load bhp 335 0.5 335 *05 1.0 +£05

Engine oil—Engine inlet temperature °F 155 + 2 210 £ 2 115+ 2
Delta T (outlet-inlet) °F Record Record Record
Pump pressure psig Record Record Record
Engine gallery pressure psig Record Record Record
Delta P (pump-engine gall.) psi Record 15 max® Record
Head gallery pressure psig Record Record Record
Delta P (engine gall-head) psi Record Record Record

Engine coolant—Engine out. temperature °F 125+ 2 185 + 2 115+ 2
Delta T (out.-inlet) °F Record Record Record
Flow rate gal/min 15.0 = 0.5 Record
Pressure psig 10+1 10+1 10+1
Marine manifold outlet temperature °F Record Record Record

RAC coolant—Inlet temperature °F 85+ 2 185 £ 2 85+ 2
Flow rate gal/min 20+2 Record 20+2

Intake air—Temperature °F 90 =2 90 =2 90 =5
Specific humidity grains/lb 80+5 805 80+5
Pressure in. H,O gage 0.2*+0.1 0.2*+0.1 0.2*+0.1

Engine breathing—Corrected blowby flow rate cfm 2.00 =£0.25
Crankcase pressure in. H,O gage Record Record Record
Intake manifold vacuum® in. Hg gage 8to 11 8to 11 Record
Exhaust back pressure in. Hg abs. 30.6 = 0.3,-0.2 30.6 +0.3,-0.2 Record

Ignition—Timing °BTDC 271 27+1 28+ 1

Fueling—Consumption rate® Ib/h Record Record Record
Pressure® psig Record Record Record

Exhaust gas analysis 0, 1.17 1.17 0.7 max

co 0.4 max® 0.4 max® 6.5+ 0.5
NO, ppm Record

A Maintain all parameters as close to midrange values as possible.

B This specification only applies to Cycles 1 through 6.

€ Manifold vacuum is used as a diagnostics tool rather than a control parameter.

P The fuel consumption rate shall be maintained below 18 Ib/h at all times during the test.

E Fuel pressure should be constant at a given operating condition and between 27 and 40 psig.

F Target value is 1.1 %. Lower limit is 0.8 %. Upper limit 1.2 %.

€ The maximum individual reading should be below 0.7 %. The maximum average value should be below 0.4 %. Docu ments
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TABLE 2 (M) Sequence VE Operating Specifications  (continued)
Stage
Parameter?
1 2 3
Time Stage length, min 120 75 45
Engine Loading Engine speed, r/min 2500 = 10 2500 = 10 750 = 25
Engine power, kW 25.00 = 0.37 25.00 = 0.37 0.75 = 0.37
Engine Oil Engine inlet temperature, °C 68.3 + 1.1 989 1.1 46.1 = 1.1
Delta T (outlet-inlet), °C Record Record Record
Pump pressure, kPa Record Record Record
Engine gallery pressure, kPa Record Record Record
Delta P (pump-engine), kPa Record 103.4 max? Record
Head gallery pressure, kPa Record Record Record
Delta P (engine-head), kPa Record Record Record
Engine Coolants Engine outlet temperature, °C 517+ 1.1 85.0 £ 1.1 46.1 = 1.1
Delta T (outlet-inlet), °C Record Record Record
Flow rate, L/min 56.8 = 1.9 Record
Marine manifold outlet temperature, °C Record Record Record
RAC Coolant Inlet temperature, °C 294 +11 85.0=* 1.1 294 +11
Flow rate, L/min 76 0.7 Record 76 =07
Intake Air Temperature, °C 322+1.1 322+1.1 322 +28
Specific humidity, g/kg 11.43 £ 0.71 11.43 = 0.71 11.43 = 0.71
Pressure, Pa 50 £ 25 50 = 25 50 £ 25
Engine Breathing Corrected blowby flow rate, L/min 56.6 + 7.1
Crankcase pressure, Pa Record Record Record
Intake manifold vacuum®, kPa 24 to 34 24 to 34 Record
Exhaust backpressure, Abs kPa 104 to 0.68, + 1.66 104 to 0.068, + 1.00 Record
Ignition and Fueling Ignition timing, °BTDC 28+1 28x1 28+1
Fuel consumption rate®, kg/h Record Record Record
Fuel pressuref, kPa Record Record Record
Exhaust Gas Analysis 0,5, % 1.1t00.3,+0.1 1.1t00.3,+0.1 0.7 max
CO, % 0.4 max” 0.4 max” 6.5+ 05
NOX, ppm Record

A Maintain all parameters as close to midrange values as possible.

B This specification only applies to Cycles 1 through 6.

€ Manifold vacuum is used as a diagnostics tool rather than a control parameter.

P The fuel consumption rate must be maintained below 8.2 g-hr at all times during the test.

E The maximum individual reading should be below 0.7 %. The maximum average should be below 0.4 %.
F Fuel pressure should be constant at a given operating condition and between 186 and 276 kPa.

the oil separator with the RAC should provide a straight run 7.10.8 Intake Air Components-Install the throttle body and
with no offset (see Fig. A3.15 and Fig. A3.17). Maintain the intake-air horn.
separator assembly in a vertical position throughout the test. A 7.10.9 External Hose Replacementnspect all external
bracket may be necessary to support the separator. hoses used on the test stand and replace any hoses that have
7.10.6.2PCV Valve—Install clean hoses and a new, cali- become unserviceable. Check for internal wall separations that
brated PCV valve as shown in Fig. A3.15 and Fig. A3.17. Usecould cause flow restrictions. Check all connections to ensure
the elbow provided with the PCV valve to attach the 0.375-insecurity.
(9.53-mm) inside diameter hose. Attach a new 0.375-in. inside ] . )
diameter hose to the three-way valve for each test. Maintain th@ Engine Fluids—Supply/Discharge Systems
PCV valve in a vertical position throughout the test. 8.1 Intake Air
7.10.6.3 Air Horn Adapter—Install a clean 0.625-in. (15.88-  8.1.1 Capacity—The supply system shall be capable of
mm) inside diameter transparent hose to the air horn adaptelelivering 80 scfm (38 L/s) of conditioned air, while maintain-
(use new hose when the existing hose appears deteriorated)ng the intake-air parameters detailed in Table 3. A typical
7.10.6.4 Three-Way Valve-Install a clean three-way valve intake air duct is shown in Fig. 1 (also see Fig. A3.3 and Fig.
and attach the PCV valve hose. Install the remaining PC\A3.4).
valve hose between the three-way valve and the upper intake 8.1.2 Dew Point—The dew point can be measured in the
manifold (see Fig. A3.15). Do not allow the hose to flatten atmain system duct or at the test stand (X2.1.9 lists suppliers of
the bend after installation. suitable instruments). If the dew point is measured in the main
7.10.6.5 Inspectior—When the installation of the crankcase system duct, verify the dew point periodically at the test stand.
ventilation system is complete, inspect the system to ensure thdaintain the duct surface temperature above the dew point
configuration will allow all oil condensate to drain to the elbow temperature at all points downstream of the humidity measure-
underneath the upper intake manifold. The pipe elbow leadingnent point to prevent condensation and loss of humidity level.
to the intake manifold should be the lowest point of the system. 8.1.3 Filtration—Since no air filtration is provided at the
7.10.7 Dipstick and Oil Fill Tubes—-Install the dipstick tube intake-air horn, the supply system shall provide either water-
into the port on the left-hand side of the engine. Install the oilwashed or filtered air to the duct. The filtration system shall
fill tube in the monolithic timing port on the left side of the have sufficient flow capacity to maintain the specified intake-

engine (see 7.4.3 and 7.4.4). air pressure. Documents
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TABLE 3 Phillips J Fuel Analysis initial boiling point of Phillips ¥° fuel. To ensure good

Parameter Tolerance () atomization of the fuel, maintain the fuel pressure above 27

API gravity” 05 psig (186 kPa). In addition, the fuel pressure should be constant

RVP® 1.0 psig (6.9 kPa) at all steady-state conditions to ensure good speed, power, and

Total sulfur® 0.01 g/gal (0.003 g/L) air-fuel ratio control

Existent gum® 1.0 mg/100 mL ’ . .

Distillation® 8.2.3 Fuel Volume Requireg-Approximately 630 gal (2385
IBP 16°F (8.8°C) L) of Phillips J reference unleaded gasoline are required for
10 % 10°F (5.6°C) each test
50 % 11°F (6.1°C) )

90 % 8°F (4.4°C) 8.2.4 Fuel Batch Approval ProcessEach new batch of fuel
EP 19°F (10.6°C) is approved by the following process:

The following parameters are analyzed on an absolute basis: 8.2.4.1 Before initial blending, each of the four fuel com-
Color clear ponents is analyzed, and the data are compared with predeter-
Water trace . . . . .

Lead” less than 0.01 g/gal (0.003 g/L) mined physical specifications. A small amount of fuel mixture
Oxidation stability® is then blended, analyzed, and compared to predetermined
A In accordance with Test Method D 287. specifications. The TMC determines the acceptability of the

B1n accordance with Test Method D 323 or Automatic Reid Vapor Pressure ana|ytica| data and authorizes b|ending of the entire batch for

Analyzer. . .
€ In accordance with Test Method D 1266. engine testlng. . . )
D In accordance with Test Method D 381. 8.2.4.2 A sample of the fuel is shipped to two designated
= In accordance with Test Method D 86. independent laboratories. A designed program involving more

FIn accordance with Test Method D 3237.

G |n accordance with Test Method D 525. than one calibration test is completed using reference oils

selected by the TMC. (The Sequence VE Reference Oils and
Fuels Sub Panel, of Subcommittee B of ASTM Committee
D-2, is involved in the design of the program.) The TMC

reviews the test results and authorizes the fuel supplier to

8.2.1 Description—A sghematic diagram of a typical fuel otify potential purchasers of the approval status of the fuel
supply system is shown in Fig. 4. Supply an excess volume of ; .j,

fuel to the fuel rail at all times. Introduce make-up fuel (fuel 8.2.5 Fuel Batch Analysis
used by the engine) into the loop from an external source. Mix 8.2.5.1 Analyze each fuel shipment upon receipt from the
the make-up fuel with fugl that is returned from the fuellrgil supplier to determine the value of the parameters shown in
(fuel not used by the engine). Pump the fuel through aMiXiNGrapje 3 (except sulfur, oxidation stability, and distillation).
chamber, or small heat exchanger, which is used to mix the twe., 1,46 the results to the values obtained by the supplier on
streams and provide fuel of consistent temperature to thg ., harticular batch. The results should be within the toler-
engine. Deliver the fuel toa high-pressure pump, which bOOStances shown in parentheses beside each parameter. This
the pressure and supplies the fuel to the fuel rail. provides a method to determine if the fuel batch is contained or
8.2.2 Controls—Maintain the fuel temperature below the has aged prematurely. If any results fall outside the tolerances
shown in Table 3, the laboratory should contact the TMC for
help in resolving the problem.
VACUUM CONNECTION TO 8.2.5.2 Analyze the contents of each fuel storage tank used
for qualified Sequence VE tests every two months. Fuel in run
émEL.NJECTOR tanks, those with a direct feed line to test engines, shall be

8.2 Fuel:

analyzed monthly. It is recommended that laboratories take
. composite samples in accordance with Practice D 4057 as a
i H guideline. Record on the fuel sample label the paragraph in
FUEL RAIL ASSEMBLY Z/

FUEL
PRESSURE
REGULATOR

Practice D 4057 that best describes the sampling method
0 FROM utilized. The fuel supplier provides an adequate supply of fuel
FUELPAL  RUELAAL sample containers with packaging and pre-addressed return
labels to each Sequence VE laboratory. Upon receipt of fuel
samples from the laboratory, the fuel supplier performs the
following analyses, tabulates the results, and reports results to

TEMPERATURE
SENSOR

PROCESS WATER
MIXING CHAMBER

) Peavee the submitting laboratory.
Test Method D 323 Reid Vapor Pressure Test Method D 381 Washed Gums
Test Method D 287 API Gravity Test Method D 381 Unwashed Gums
Test Method D 86 Distillation Test Method D 3606 Benzene
T - Test Method D 3237 Lead (by way of Gas Chromatography)
(@ In instances where results from the tests listed
FROM
O—]><F—® — [><}— EXTERNAI —_—
FLOWMETER TANK 25 Phillips “J” reference gasoline is a product of Phillips Chemical Co. Speciality
FILTER Chemicals, P.O. Box 968, Borger, TX 79008. For geneﬁnformation about Ph.wi S
FIG. 4 Schematic of Engine Fuel System “J” fuel, see X2.6. Ocu men §
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previously appear to vary significantly from the expectedcontroller and the system configuration to achieve proper
results, a second sample shall be analyzed or the followingesponse time, achieve the cyclic ramping specifications, and

tests shall be conducted, or both: provide stable control at the three set points.
Test Method D 5134 Hydrocarbon Speciation (by way of Gas Chromatography) 8.3.4 System Cleaning
Test Method D 525 Oxidation Stability 8.3.4.1 Clean the external oil cooling system thoroughly

Test Method D 873 Potential Gums before each test. An acceptable technique for cleaning the oil

8.2.5.3 Forward the results of the analyses performed imeat exchanger is detailed in Annex A2. Flush and rinse the
8.2.5.1 and 8.2.5.2 to the TMC for inclusion in the appropriateexternal lines before each test. The specific technique used
database. (removed from or flushed on the stand, and so forth) is left to

8.2.6 Fuel Batch Shipment and StorageShip the fuel in  the discretion of the laboratory.
containers with the minimum allowable venting as dictated by 8.3.4.2 Regardless of the flushing technique employed, use
all safety and environmental regulations, especially wheran organic solvent (see 7.7.3) for the final flushing followed by
shipment times are anticipated to be longer than one weekeparate rinses with hot (> 60°C) water and aliphatic naphtha
Store the fuel following all applicable safety and environmen-before air-drying the componentsWarning—Incomplete

tal regulations. cleaning of the external oil system may allow debris to
8.3 Engine Oil dislodge and circulate throughout the engine during subsequent
8.3.1 Non-Reference Test Oil Description tests. Incomplete cleaning may also cause oil temperature

8.3.1.1 The non-reference sample shall be uncontaminategbntrol problems and contaminate subsequent test oils.)
and representative of the lubricant formulation being evalu- 8.3.5 Engine Qil Pre-Lube Deviee-Turn the engine oil
ated. pump with a portable power source to fill the galleries with oil
8.3.1.2 Aminimum of 2.0 gal (7.6 L) of new oil is required after engine reassembly. A modified distributor, without a cap,
to complete the test. A 5-gal (18.9-L) sample of new oil isrotor, or gear, and &s-in. (9.5-mm) electric drill are recom-
normally provided to allow for inadvertent losses. mended to drive the oil pump.
8.3.2 System Description 8.3.6 Control Specifications-The oil inlet temperature and
8.3.2.1 Design the oil system to minimize stand-to-standallowable oil pressure differential are specified in Table 2.
variations that could influence test severity. Control the oil flowAdditional information concerning the oil pressure differentials
rate and pressure drop by specifying the volume, plumbings found in 12.5.6.2. Cyclic ramping specifications are detailed
configuration, and orientation of the heat exchanger. Specifin Table 4.
the location of the heat exchanger only in a vertical plane. 8.4 Coolants
Configure the heat exchanger so that the process water and8.4.1 Description—The engine and RAC coolant is a solu-
engine oil are in counter-flow. The lengths of the lines are notion of demineralized (less than 2 grains/Ib [0.034 g/kg]) or
specified, but the line length and diameter have a largelistiled water and an additive treatment—16 oz (470 mL)
influence on the volume of the external system. The internaffluid) of Pencool 2008 per 4 gal (15 L) of water.
volume of the entire external system shall beAA& o0z (530 8.4.2 Genera—The following guidelines are common to
+ 90 mL). both the engine and RAC coolant systems:
8.3.2.2 Configure the external oil system in accordance with 8.4.2.1 A transparent section is required to permit visual
the schematic diagrams and photographs shown in Figs. A3.lifispection of the coolant. Provide air blends to allow removal
through A3.13. Use the remote filter adapter OHTA-007-1 forof entrained air. Provide a drain at the low point of the system
tests started on or after September 1, 1996. This adapter s allow complete draining of the system.
available from the supplier shown in X2.1.28. Typical volumes 8.4.2.2 Carefully choose the controller and the system
of the various components of the external oil system areonfiguration to achieve proper response time, achieve the
detailed in Fig. A3.10. Install a new Motorcraft FL-38il  cyclic ramping specifications, and provide stable control of the
filter on the external oil filter adapter as shown in Fig. A3.12.set points. An effective, well-maintained process water control
Be sure all hoses and fittings on the oil heat exchanger arsystem is necessary to achieve the specified coolant tempera-
properly connected and secuf2o not use brass and copper tures.
fittings in the external oil system since they may influence used 8.4.2.3 The system shall allow precise calibration of the
oil (wear metals) analysis. flowmeters, after installation in the test stand. Avoid turbulence
8.3.3 Heat ExchangerThe heat exchanger has been cho-near the measurement meters and the flowmeters used for
sen to minimize the volume of the external system. The heatalibration.
exchanger has adequate but not excessive capacity to control8.4.3 Engine Coolant System
the oil temperature. The system requires a high level of 8.4.3.1 Configure the engine cooling system according to
maintenance to provide adequate cooling, especially whethe schematic diagram shown in Fig. A3.7, and the photo-
process water temperatures are high. An effective, wellgraphs in Fig. A3.8 and Fig. A3.9. Install a thermocouple into
maintained process water control system is necessary to
achieve the specified oil temperatures. Carefully choose the———

27 The sole source of supply of Pencool 2000 known to the committee at this time
is The Penray Companies, Inc., 1801 Estes Ave., Elk Grove, IL 60007. If you aware
of alternative suppliers, please provide this information to ASTM Headquarters.

26 Motorcraft FL-300 oil filter is a product of Ford Distribution Center, 11871 Your comments will receive careful consideration at a ting of the responsi
Middleton Belt, Levonia, Ml 48150. technical committeé,which you may attend. ﬁﬁ u men%s
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TABLE 4 Sequence VE Test Ramping Requirements

Ay D 5302

A

Stage 3 to 1

Engine speed

Engine torque

(60]

Oil inlet temperature

Coolant outlet temperature

Attain 1600 r/min during 25-40 s
Attain 2490 r/min during 55-75 s
7-20 Ibf-ft at 50 s

Attain 45 Ibf-ft during 70-90 s
Attain 65 Ibf-ft during 85-105 s
<10% CO at 10 s

10-15% CO at 30 s

Attain 10 % CO during 60-85 s
12.7-15.3 % CO at peak of CO curve
<5% CO at90 s

127-143°F at 5 min

153°F within 10 = 2 min

123°F within 4 min

Stage 1 to 2

Oil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

175-190°F at 6.5 min
208°F within 13 = 2 min
146-167°F at 4.5 min
183°F within 9 = 2 min
125-155°F at 6.5 min
183°F within 13 = 2 min

Stage 2 to 3

Engine speed
Engine torque

CO

Oil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

1500-1750 r/min at 55 s

Attain 775 r/min during 105-125 s
Attain 45 Ibf-ft during 10-30 s
7-20 Ibf-ft at 55 s

<1% CO at-30s

10.0-15.5% CO at 35 s

Attain 10.0 % CO during 50-75 s
13.0-15.5 % CO at peak of CO curve
149-177°F at 6.5 min

117°F within 13 = 2 min
131-169°F at 3.5 min

117°F within 7 = 2 min
125-145°F at 6.5 min

>95°F at 10 min

87°F within 13 = 2 min

TABLE 4 (M) Sequence VE Test Ramping Requirements

A

(continued)

Stage 3 to 1

Engine speed

Engine torque

CcO

Oil inlet temperature

Coolant outlet temperature

Attain 1600 r/min during 25-40 s
Attain 2490 r/min during 55-75 s
7-20 Ibf-ft at 50 s

Attain 45 Ibf-ft during 70-90 s
Attain 65 Ibf-ft during 85-105 s
<10% CO at10s

10-15% CO at 30 s

Attain 10 % CO during 60-85 s
12.7-15.3 % CO at peak of CO curve
<5% CO at90 s

127-143°F at 5 min

153°F within 10 = 2 min

123°F within 4 min

Stage 1to 2

Oil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

175-190°F at 6.5 min
208°F within 13 = 2 min
146-167°F at 4.5 min
183°F within 9 = 2 min
125-155°F at 6.5 min
183°F within 13 = 2 min

Stage 2 to 3

Engine speed
Engine torque

CcO

Oil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

1500-1750 r/min at 55 s

Attain 775 r/min during 105-125 s
Attain 45 Ibf-ft during 10-30 s
7-20 Ibf-ft at 55 s

<1% CO at-30s

10.0-155% CO at 35 s

Attain 10.0 % CO during 50-75 s
13.0-15.5 % CO at peak of CO curve
149-177°F at 6.5 min

117°F within 13 = 2 min
131-169°F at 3.5 min

117°F within 7 = 2 min
125-145°F at 6.5 min

>95°F at 10 min

87°F within 13 * 2 min

A Speed and torque should be linear between setpoint specifications. Fuel flow
not to exceed 18 Ib/h. Exhaust gas oxygen not to exceed 4 %. Fuel flow and
exhaust gas oxygen are not required to be plotted.

A Speed and torque should be linear between setpoint specifications. Fuel flow
not to exceed 18 Ib/h. Exhaust gas oxygen not to exceed 4 %. Fuel flow and

- . . exhaust gas oxygen are not required to be plotted.
a modified thermostat housing and install the thermostat

housing.Do not install the thermostatnspect the water pump
drive V-belt for defects before installation. Install and tension 8.4.4.2 Schematic diagrams of typical RAC coolant control
the water pump drive V-belt. systems are shown in Fig. 5 and Fig. 6. Heat for the control
8.4.3.2 A radiator cap is used to limit system pressuresystem can be derived from an external source, such as the
although the coolant system pressure is not measured onarine manifold, an electric immersion heater, hot water, or
controlled. The heat exchanger and control valve size are nateam.
specified, but the total coolant system capacity should be 8.4.4.3 Control the RAC coolant flow rate and inlet tem-
minimized. perature in accordance with the specifications listed in Table 2.
8.4.3.3 The engine coolant flow rate and outlet temperatur@he coolant pressure is not specified, but design the system to
are controlled in accordance with the specifications listed iminimize the pressure on the RAC and prevent distortion of the
Table 2. Information concerning the coolant flow rate measurejacket. {Varning—Maintain the system pressure below 10
ment device is detailed in 9.3.2. Cyclic ramping specificationgsig (69 kPa) to prevent distortion of the RAC jacket.)
are detailed in Table 4. The coolant flow rate is measured with 8.4.4.4 Cyclic ramping specifications are detailed in Table
a venturi flowmeter and varied with a control valve or a manuak.
valve. 8.4.5 Exhaust Manifold Coolant System
8.4.3.4 Maintain engine coolant system pressure at1D 8.4.5.1 Do not circulate coolant from the engine jacket
psig. Measure coolant system pressure at the top of the fluithrough the exhaust marine manifold.
level in the coolant reservoir. 8.4.5.2 Exhaust system components downstream of the
8.4.4 RAC Coolant System exhaust gas sampling and exhaust back pressure measurement
8.4.4.1 Periodically inspect and clean the complete RAditting are not specified. Water-cooled exhaust plumbing down-
control system. If a high level of RAC coolant jacket deposit isstream of the exhaust probes is a typical laboratory practice.
found, flush the complete cooling system. A specific flushingThe design should minimize buildup of corrosive materials in
technique is not specified. However, the technique shoulthe exhaust system. The exhaust back pressure control equip-
employ a commercial descaling cleaner. ment shall provide stable control withinﬂemiiﬂnents
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ﬁ/@ WATER SUPRLY
Sou e e

SUPPLY

LFIO/GS

(@ VENTED RESERVOR CAP
(@ VENTED RESERVOIR CAP. @ STAGE I1.0.& I HEAT EXCHANGER @ COOLANT RESERVOIR
@ COOLANT RESERVOR @ STAGE I & I HEAT EXCHANGER. (3 PRESSURE CONTROL VALVE. (OPTIONAL)
(@ PRESSURE CONTROL VALVE. [(OPTIONAL) @ STAGE CHANGE 3-WAY VALVE @ CHILLED PROCESS WATER CONTROL VALVE
(® FLOW CONTROL VALVE @ PROCESS WATER CONTROL VALVE ® STAGE I & Il HEAT EXCHANGER
® FLOW MEASUREMENT DEVICE ® ELECTRIC COOLANT PUMP ® FLOW MEASUREMENT DEVICE.
® INLET TEMPERATURE SENSOR EXHAUST MARINE MANIFOLD OUTLET @ ROCKER ARM COVER
@ SYSTEM PRESSURE MEASUREMENT HIGH TEMPERATURE RAFETY CUT ouT) INLET TEMPERATURE SENSOR
OUTLET TEMPERATURE SENSOR (@ SYSTEM PRESSURE MEASUREMENT
©® EXHAUST MARINE MANIFOLD DUTLET TEMPERATURE SENSOR
@ ROCKER ARM COVER @ FLOW CONTROL VALVE
FIG. 5 Typical Waste Heat Rocker Arm Cover Heating and @ EXTERNAL HEAT SOURCE
Cooling System @ ELECTRIC COOLANT PUMP

FIG. 6 Typical Non-Waste Heat Rocker Arm Cover Heating and
. . . . - Cooling System
(Warning—Good engineering practices should be utilized to

ensure safe operation of this system. The coolant outlet . : .
temperature of the marine manifold should be maintained‘ndes'rable temperature gradients. Thermocouples, wires, and

below the boiling point of the coolant. High temperature, |0We>§tension wirgs s_ho_uld be matched to perform in accordance
water flow, and low water pressure alarms are recommended ith the special limits of error as defined in ANSI MC96.1.

lack of i ; ; Either Type J (iron-constantan) or Type T (copper-constantan)
E(r)?]v)ent damage due to lack of cooling during engine Operathermocouples are acceptable (see ANSI MC96.1).

9.1.1.3 Resistance thermometer detectors (RTDs) are ac-
9. Measurement Instrumentation ceptable alternatives to thermocouples. However, if the TMC is
not familiar with the particular RTDs used, the laboratory will
be required to demonstrate equivalent system accuracy to the

9.1.1 Equipment o .
. . specifications noted in 9.1.1.2 (see ANSI MC96.1).
9.1.1.1 Temperature measurement equipment and Iocatloﬁgg_l_2 Engine Coolant InletInstall the tip at the center of

for the seven required temperatures are specified. Alternativgh

: e flow stream in the perpendicular intersection of the tee
temperature measurement equipment shall be approved by ¢ itting located 12 to 16-in. (300 to 410-mm) upstream from the

TMC. The accuracy and resolution of the temperature mea- . ;
surement sensors and the complete temperature measurem¥gter Pump inlet (see Fig. A3.7). The recommended thermo-

Cn oo couple diameter is 0.125 in. (3.2 mm).
system shall follow the guidelines detailed in ASTM Research . .
Report RR: D02-1218° 9.1.3 Engine Coolant Outlet-Install the tip of the thermo-

O[(iouple at the center of the flow stream in the modified

9.1 Temperatures

9.1.1.2 If thermocouples are used, all thermocouples exce X . o
the intake-air thermocouple shall be premium, sheathe hermostat housing. The thermocouple tip shall be within 1 in.

grounded types with premium wire. The intake-air thermo- 5.4 mm) of the cylinder head. The inside diameter or inner

couple may be an open-tip type. Thermocouples of 0.1250rifice of the thermostat housing shall be no smaller than the

0.1875, or 0.25-in. (3.2, 4.8, or 6.4-mm) diameter may be used:ord factory orifice and no larger than the cylinder head
y ! ; N : Y <aoolant inlet passage.

However, 0.125-in. (3.2-mm) thermocouples are recommende 9.1.4 Engine QOil Inlet—Install the tip at the base of mount-

at locations that require short immersion depths to prevenlhg face of the adapter block (see Fig. A3.10 and Fig. A3.13).

The recommended thermocouple diameter is 0.125 in. (3.2
- - mm).
28 ASTM Research Report RR: D02-1218, “Data Acquisition Guidelines— . . .
Instrumentation Accuracy and Calibration;” available from ASTM Headquarters. 9-1-5_ Englne Oil Outlet—Install the tip at the center of the
100 Barr Harbor Drive, West Conshohocken, PA 19428. cross fitting attached to the bottom of the B@Qu
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Fig. A3.10). The recommended thermocouple diameter ipositive and negative pressure. If a manometer is utilized,
0.125 in. (3.2 mm). install a liquid trap to prevent manometer fluid from entering
9.1.6 Intake Air—Install the tip midstream in the intake-air the crankcase.

horn adapter (see Fig. A3.4). A 0.25-in. (6.4-mm) thermo- 9.2 .8 Exhaust Back PressureMeasure exhaust back pres-
couple is adequate if an open-tip thermocouple is used.  sure with the exhaust sampling probe downstream of the
9.1.7 RAC Coolant Inlet-Install the tip at the center of the marine manifold (see Fig. 3 and Fig. A3.5). Install the exhaust
cross fitting attached to the RAC inlet fitting (see Fig. A3.14).gas sample and exhaust back pressure probe assembly against
The recommended thermocouple diameter is 0.125 in. (3.the marine manifold. A sensor capable of absolute measure-
mm). ment or a gage measurement corrected with a barometric
9.1.8 Marine Manifold CoolantInstall the tip at the per- pressure reading is acceptable. Install a condensate trap be-

pendicular intersection of the tee fitting located on the outletween the probe and sensor to accumulate water present in the
(upper) port of the marine manifold (see Fig. A3.8). Since theexhaust gas.

marine manifold coolant temperature is not a controlled g5 g Engine Coolant PressureMeasure the coolant pres-
parameter, a 0.25-in. (6.4-mm) thermocouple is adequate. g v apove the fluid level in the engine reservoir, as shown in

9.1.9 Calibration—Calibrate the engine oil in, engine cool- Fig. A3.7. Maintain engine coolant system pressure at-1D
ant out, RAC and intake-air temperature measurement Sensqigig (69+ 6.9 kPa).

every ninety days. CaI_ibrate all other temperature sensors prior 9.2.10 Calibration—Calibrate all pressure sensors, includ-
to each reference oil test. The temperature measurement .~ '

system shall indicate within=1°F (0.6°C) of the laboratory ing the RAC and engine coolant flow differgntial pressure and
calibration standard, which shall be traceable to nationa?(.)OIant pressure measurement sensors prior to each ref(_arence
standards ' oil test. The calibration standard shall be traceable to national
i standards.

9.2 Pressures

9.2.1 Equipment—Pressure measurement for each of the 9.3 Flow Rates
eight required parameters is detailed in the following sections. 9-3.1 Equipment-Flow rate measurement procedures for
Specific measurement equipment is not specified. This allow@ach of the four required parameters are detailed in the
reasonable opportunity for adaption of existing test standollowing subsections. With the exception of the_englne _cooI—
instrumentation. However, the accuracy and resolution of th@nt and blowby flow rates, measurement equipment is not
pressure measurement sensors and the complete pressgp@mfled for a given parameter. This allows reasonable oppor-

measurement system shall follow the guidelines detailed ifunity for adaption of existing test stand instrumentation. The
ASTM Research Report RR: D02-1238. accuracy and resolution of the flow rate measurement system

shall follow the guidelines detailed in ASTM Research Report
Note 8—Tubing between the pressure tap locations and the finaRRr: p02-12188

pressure sensors should incorporate condensate traps, as indicated by goo . . .
engineering practice. This is particularly important in application where 3.2 Engine Coolant-Determine the engine coolant flow

low air pressures are transmitted by means of lines that pass througi@te by measuring the differential pressure drop across the
low-lying trenches between the test stand and the instrument console. specified venturi flowmeter (see Fig. A3.7). The pressure drop
is approximately 18 in. (4.5 kPa)J@ in the controlled flow
%range. Take precautions to prevent air pockets from forming in
detailed in Fig. A3.21. he lines to the pressure sensor. Transparent lines are beneficial

9.2.3 Oil Pressure—Make oil pressure measurements at the'" this application. i
oil filter adapter housing inlet, oil filter housing outlet, and the , 9-3-3 RAC Coolant-Measure the total volumetric coolant

rear corner of the cylinder head, as shown in Fig. A3.13. Aflow rate through the RAC. _
multi-position selector valve can be utilized to connect the 9.3.3.1 Calibration—Calibrate the flowmeters used in the

three oil pressure taps to a single pressure sensor. Individualpeasurement of both the engine coolant flow rate and RAC
dedicated pressure sensors may also be utilized. coolant flow rate before every reference oil test. Calibrate the

0.2.4 RAC Coolant PressureMeasure the RAC coolant flowmeters as installed in the system at the test stand. Alter-
pressure at the coolant inlet cross fitting, as detailed in Fighatively, the flowmeters may be detached from the test stand
A3.14. and calibrated, providing the adjacent upstream and down-

9.2.5 Fuel Pressure-Measure the fuel pressure at the Stream plumbing is left intact during the calibration process.
injector rail inlet as shown in Fig. 4. When utilizing a pressureCalibrate the flowmeters with a turbine flowmeter or by a
gage mounted directly to the injector rail, the gage should be ¥0lume/time method, at Stage 1 operating conditions.
damped, liquid-filled type. 9.3.4 Blowby.

9.2.6 Intake-Air Pressure-Measure the intake-air pressure  9.3.4.1 Measure the blowby flow rate using the apparatus
at the air horn with the probe, as shown in Fig. 1 and detaileghown in Fig. 7. The measurement system routes the blowby
in Fig. A3.3, Fig. A3.4, and Fig. A3.5. If a manometer is used,through an external, sharp-edged orifice and into the engine
install a liquid trap to prevent manometer fluid from enteringintake manifold by means of an auxiliargt(mmy PCV valve.
the intake-air horn. Mount the orifice plate with the flow in a horizontal position.

9.2.7 Crankcase PressureMeasure the crankcase pressureMaintain crankcase pressure at 0t00.1 in. (0.0x 25 Pa)
at the dipstick tube. The sensor shall be capable of measurirduring operation of the system to mininﬂmeﬂts

9.2.2 Intake Manifold Vacuum-Measure the intake mani-
fold vacuum at the top side of the upper intake manifold a
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FRONT VIEW

BLOWBY CART

'/2* FULL FLOW STAINLESS STEEL BALL VALVE
PCV VALVE.

OIL SEPARATOR.

SURGE CHAMBER.

ORIFICE METER.

MANOMETER.

CRANKCASE PRESSURE GAGE.

BLEED VALVE.

CRCEONCNCNCNCRCNC)

DUMMY PCV VALVE.
THERMOMETER OR TEMPERATURE SENSOR

@) EXCESS BLOWBY VENT PIPE.
(DURING NORMAL OPERATION).

FIG. 7 Blowby Measurement Apparatus

crankcase leakag®lount the dummy PCV valve in a vertical
position.

5302

Inspect the port passages and remove any carbonaceous
deposits by scraping. If the valve is disassembled for cleaning,
make sure the core is properly seated upon reassembly.
(Warning—Internal leakage within the three-way valve may
cause some of the blowby gas to pass directly to the intake
manifold from the test PCV valve and result in erroneous
blowby flow rate measurements (see Fig. 7)).

9.3.4.5 Calibration—Calibrate the blowby orifice meters
used for laboratory measurements every six months. Calibrate
laboratory blowby measurements standards, used for the cali-
bration of other meters, yearly. The calibration standard shall
be traceable to national standards. Calibrate the temperature
measuring devices in the blowby system every six months.

9.4 Fuel Consumption-Determine the fuel consumption
rate by measuring the amount of make-up fuel flowing from the
external fuel tank. The measurement point is upstream of the
return flow from the fuel rail (see Fig. 4).

9.4.1 Calibration—Calibrate mass flow systems or gravi-
metric systems before every reference oil test. Volumetric
systems shall be temperature-compensated and calibrated
against a mass flow device. Values obtained with the test stand
measuring device shall be within 1% of the calibration
standard values.

9.5 Speed and Load

9.5.1 Required Capabilities-The dynamometer speed and
load control systems shall be capable of maintaining the limits
specified in Table 2 and meet the ramping requirements
specified in Table 4 and Table 5. These limits require control
within =0.4 % for operation during Stages 1 and 2. Because
the dynamometer and driveline frictional losses may approach
the Stage 3 load, manage the control input and system response
during Stage 3 carefully to maintain engine operation within
the specified tolerances. These tolerances are necessary to
maintain a stable air-fuel ratio during Stage 3. Hydraulic
dynamometers have a high residual load and may not be

9.3.4.2 Determine the blowby flow rate by measuring thesuitable for operation during Stage 3.
differential pressure drop across the sharp-edged orifice; an
inclined manometer or differential pressure sensor is required TABLE 5 Sequence VE Break-in Test Condition Ramping

for measurement of the differential pressure drop. The crank-
case pressure sensor shall have a range from0to 4 in. (Oto 1
kPa) H,O and be adequately damped to indicate a zero gagengine speed

pressure.
9.3.4.3 The sharp-edged orifice assembly is specificall

designed for blowby flow rate measurement and shall beil inlet temperature
fabricated in strict compliance with the specifications, that are

available from the TMC. The assembly contains five orifices

assembly can also be purchased from the supplier listed in

Appendix X2. Additional details concerning fabrication of the
flow rate measurement orifice assembly and measurement
blowby flow rate can be found in Footnote 14.

9.3.4.4 Maintenance-Clean the blowby measurement ap-

paratus at least once every seven days. Replace the O-ring wigh inlet temperature
each cleaning. Exercise particular care when cleaning thg,qant outiet temperature

orifice meter assembly. Clean the three-way valve by soakin

the valve in agitated organic solvent (see 7.7.3) until cleanfRocker arm cover inlet temperature
followed by hot [>140°F (>60°C)] water rinse and spray rinse

>i;ngine power

Requirements

Break in Dipstick Calibration Engine Start-Up to Step B

Must reach 2490 rpm within 0.5 to 1.5
min

Must reach 33.5 = 0.5 bhp within 0.5 to
2.0 min

127 to 143°F at 7 min

Must reach 208°F within 25 min

143 to 167°F at 8.5 min

Coolant outlet temperature

. ipe X . ' Must reach 183°F in 13 + 2 min
The 0.375-in. (9.53-mm) orifice is generally satisfactory for therocker arm cover inlet temperature

range of blowby flow rate encountered. The complete orifice

>95°F at 2 min
125 to 145°F at 6.5 min
Must reach 183°F in 13 = 2 min

Break In Step B to C

bfgine speed Must reach 775 rpm within 0.5 to 2.0
min

Engine power Must reach 1 = 0.5 hp within 0.5 to 2.0
min

149 to 177°F at 6.5 min

Must reach 117°F in 13 = 2 min
131 to 169°F at 3.5 min

Must reach 117°F in 7 = 2 min
125 to 145°F at 6.5 min

>95°F at 10 min

Must reach 87°F inliha * 2 min

g9

with aliphatic naphtha. Use compressed air to force air-drying:
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TABLE 5 (M) Sequence VE Break-in Test Condition Ramping
Requirements (continued)

Break in Dipstick Calibration Engine Start-Up to Step B

Engine speed

Engine power

Oil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

Must reach 2490 r/min within 0.5 to 1.5

min

Must reach 25.0 = 0.37 kW within 0.5
to 2.0 min

52.8 to 61.7°C at 7 min

Must reach 97.8°C within 25 min

61.7 to 75.0°C at 8.5 min

Must reach 83.9°C in 13 = 2 min

>35.0°C at 2 min

51.7 to 62.8°C at 6.5 min

Must reach to 83.9°C in 13 = 2 min

Break In Step B to C

Engine speed

Engine power

Oil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

Must reach 775 r/min within 0.5 to 2.0
min

Must reach 0.75 = 0.37 within 0.5 to
2.0 min

65.0 to 80.6°C at 6.5 min

Must reach 47.2°C in 13 = 2 min

55.0 to 76.1°C at 3.5 min

Must reach 47.2°C in 7 = 2 min

51.7 to 62.8°C at 6.5 min

>35.0°C at 10 min

Must reach 30.6°C in 13 = 2 min

potential for measurement error.)

9.6.2 Calibration—Generat-Calibrate the exhaust gas
analysis equipment before each set of measurements taken
during the test. The calibration technique should compensate
for the flow rate sensitivity of the exhaust gas analysis meters.

9.6.3 CO Meter Calibration for Transitions-For ramping
transitions, calibrate the CO meter from 0 to 15 % CO, as well
as response time to ensure accurate readings during stage
transitions. A zero and span calibration is required every day
that the CO meter is used. No more than seven stage transition
recordings or a maximum of one week is to transpire between
a full stabilized and response calibration.

9.6.3.1 Conducstabilized calibrations with the following
nominal calibration gases: 0, 0.5, 6.5, and 15 % CO. The same
trace recorder used for the transition traces (see Fig. A7.18) is
used for the calibration. Zero and span the CO meter to the
15 % CO bottle. The calibration of the indicated and actual CO
measurements of 0.5, 6.5, and 15 % CO shall be within 0.5 %
and the zero and span within 0.2 % CO.

9.6.3.2 Conducatesponsealibrations with the 0.5 and 15 %

nominal CO calibration gases. Use a solenoid valve to switch
between the calibration sample bottles (see Fig. A7.19). Con-
9.5.2 Suitable SysterasBoth partial and full closed-loop nect the solenoid valve directly to the longest sample line in the
systems have been successfully utilized. A typical partiaco measurement system. Make the connection where the
closed-loop system maintains speed by varying dynamometezmple line would normally go onto the exhaust pipe. Use the
excitation and maintains load by a fixed throttle. A typical same sample flow rate for the calibration as that used for
closed-loop system maintains engine speed by varying dyngransition trace recordings. The same trace recorder used for
mometer load and maintains engine load by varying the enging,e (ransition trace recordings (see Fig. A7.18) is used for
throttle position. _ calibration. Show the solenoid switching voltage on one of the
9.5.3 Calibration—Calibrate the load measurement andyace recorder channels. The solenoid valve switches the
readout system with deadweights at least once per tesiymple gas from the 0.5 to 15.0 to 0.5 % CO bottles at 40-s
Calibration of the zero scale readout is recommended once Pglieryals. For satisfactory calibration, the indicated CO % shall

day when the test stand is in use. Calibrate the speed measUffipiicate the actual 15 % CO bottle valde 0.3 % CO (see
ment system prior to each reference oil test. Fig. A7.18).

9.6 EXhaL.JSt Gas 9.6.3.3 If an UEGO sensor is used to determine CO values,
9.6.1 Equipment :
correlate the sensor voltage output every six months or after

9.6.1.1 Precision instruments for measurement gf @D, . ,
and NQ, are required. Equipment suitable for automobile1000 .h of use, whichever occurs first, to CO levels at the
fqllowing conditions:

emission measurements is recommended. Precision nondisp
sive infrared instrumentation for CO and polarographic instru-ﬁgai‘r’

mentation for Q are suggested (see SAE J254). Response tiMggine coolant outlet temperature
is an important consideration in the performance of thisco levels at
instrumentation. A CO meter capable of measuring CO from 0
to 20 % is also required, for determining CO values during§

1500 =+ 10 r/min (157.1 + 1.05 rad/s)
6 = 0.5 hp (4.5 = 0.4 kW)

150 =+ 2°F (65.6 = 1°C)

4, 6.5, 10, and 15 %

Install the UEGO sensor to avoid obstruction of the exhaust
ackpressure and air-fuel ratio probes. Where continuous air

urge is maintained on the air-fuel ratio probe, install the
Bnsor upstream of the exhaust backpressure and air fuel ratio

Stage 2 to 3 and 3 to 1 transitions. An extended range air-fu
ratio (UGEOQ) sensor can also be used to determine CO valu
during transitions. To decrease the response time of the met

it is recommended that the CO meter or UGEO sensor b fobes. . o L
mounted as close to the stand as possible or in a portable 9-7 Humidity—Measure humidity with the laboratory’s pri-
mary humidity stream. Correct each reading for non-standard

installation. ' " - 4 o
9.6.1.2 A typical exhaust gas analysis system is shown i&rometric conditions, using the following equation:

Fig. 3. The required instrument calibration gases are listed in Humidity (correctegl = 4354 (Psal(Pbar—Psat) 3)

Note of Fig. A3.6, and system design details are specified inWhere

Fig. A3.5 and Fig. A3.6. \Warning—Safety precautions are Psat
necessary concerning venting carbon monoxide, nitrous oxidel,Da‘F;‘Ir
and ozone gases from the analyzer instrumenggriing— ) )
Long sample lines and unnecessary fitting connections or Metric Units:

valves between the sample probe and the analyzer increase the Humidity (correctedl = 621.98% stalFBOiGahlmentS
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where: limits. Failure of a reference oil test to meet Shewhart or
Psat = saturation pressure, mm Hg, and exponentially weighted moving average (EWMA) precision
Pbar = barometric pressure, mm Hg. control chart limits can be indicative of a false alarm or a stand,

9.7.1 Calibration—Calibrate the primary laboratory measurdaboratory, or industry problem. When this occurs, the labora-
ment system at each stand on a semiannual basis usingtery in conjunction, with the TMC, shall attempt to determine
hygrometer with a minimum dew point accuracy ©f1°F at  the problem source. The TMC may solicit input from industry
60°F (=0.55° C at 16°C). Locate the sample tap on the airexpertise (other testing laboratories, the test sponsor, ASTM
supply line to the engine, between the main duct and 2 fifechnical Guidance Committee, Sequence VE Surveillance
upstream of the intake air horn. The calibration consists of #anel, Sequence VE Operations and Hardware Subpanel, and
series of paired humidity measurments comparing the laborzso forth) to help determine the cause and extent of a problem.
tory system with the calibration hygrometer. The comparisorindustry problems shall be adjudicated by the Sequence VE
period lasts from 20 minot2 h with measurements taken at 1 Surveillance Panel.
to 6 min intervals, for a total of 20 paired measurements. The 11.2.2 If the TMC determines the problem is a false alarm,
measurement interval shall be appropriate for the time constamind is stand related, there is no impact on non-reference tests
of the humidity measuring instruments. running in other stands within the laboratory. If the TMC

9.7.1.1 Verify that the flow rate is within the equipment determines the problem is laboratory related, non-reference
manufacturer's specification, and that the sample lines artests run during the problem period shall be considered invalid,
non-hygroscopic. Correct dew point hygrometer measurementmless there is specific evidence to the contrary for each
to standard conditions (29.92 in. Hg [101.12 kPa]) using thendividual test.
appropriate equation (see 9.7). Compute the difference between11.2.3 The TMC will reschedule a calibration test once it is
each pair of readings and calculate the mean and standagdtisfied that no particular problem exists or the problem has
deviation of the 20 paired readings, using equations Eq A13.been resolved. The laboratory shall provide adequate docu-
and Eq A13.2 in Annex A13. The absolute value of the meammentation to support the conclusions reached during this
difference shall not exceed 10 grains/lb (1.43 g/kg) and theyrocess. This documentation shall be attached to the acceptable
standard deviation shall not be greater than 5 grains/lb (0.71dalibration test report. It shall provide sufficient information to
g/kg). If these conditions are not met, investigate the causghow how the problem related to other tests operated during the
make repairs, and recalibrate. Maintain calibration records fosame period of time.
two years. 11.3 Test Stand ModificatiorsReport modification of test
- . stand control systems or completion of any nonstandard test on
10. M|sc.ell.aneo.us Laboratory Equ!pme_nt o a calibrated stand to the TMC immediately. A nonstandard test

10.1 Timing Light—Use an inductive pickup timing light to jc|des any test completed under a modified procedure
measure ignition timing. , _ requiring hardware or controller tuning modifications to the

10.2 Volumetric Graduates-Measure the test oil quantity, (st stand. The TMC will determine whether another calibra-

fresh and used, by volume. A16-0z (500-mL) (fluid) graduatgjop, test is necessary after the modifications have been com-
is recommended for the small samples (2 to 10 0z [60 to 30Qgteq.

mL]); this graduate shall have a resolution of 0.25 oz (7 mL) 11.4 Reference Oil Accountabilit

! . . y
(fluid). A large graduate, capable of transferring 124 oz (4 L) . : . . .
(fluid), is required, and it shall have a resolution of 1.0 0z (30 11.4.1 Laboratories conducting calibration tests are required

mL) (fluid). All graduates shall have an accuracy of 2 % of full to provide a full apcountlng of the identification and quantities
of all reference oils used.

scale. . _ . . . .
11.4.2 With the exception of new oil analysis required in
11. Test Standard Calibration 13.7.1, no physical or chemical analysis of new reference oils
11.1 Verification shall be performed without the permission of the TMC. Retain

11.1.1 Verify the calibration of test stands with reference€ngine parts from reference oil tests for six months.
oils supplied by the TMC. Stand calibration tests are normally 11.5 Test Numbering System
conducted upon expiration of the 180-day calibration time 11.5.1 Acceptable TestsThe test number shall follow the
period. However, calibration time periods may be adjusted bjormat AAA-BB-CCC. AAAepresents the stand numbBiB
the TMC. Any deviation from the standard calibration time represents the number of tests since the last refer€lCe.
frequency shall be approved by the TMC and reported on &epresents the total number of tests on the stand. As an
supplemental operational data sheet of the final test report. Angxample 6-10-175represents the 175th test on Stand 6 and the
non-reference test started within 168 days of the completiodOth test since the last reference. Consecutively number all
date of the previous calibration test is considered within thdests on a given stand.

calibration time period. 11.5.2 Unacceptable or Aborted Testslf a calibration test
11.1.2 A3.0-gal (11.4-L) sample of reference oil is providedis aborted or the results are outside the acceptance limits, the

by the TMC for each stand calibration test. CCC portion of the test number for subsequent calibration
11.2 Unacceptable Calibration Resuits test(s) shall include a letter suffix. The suffix shall begin with

11.2.1 It is recognized that a certain percentage of calibrathe letterA and continue alphabetically until a calibration test
tion tests will fall outside the acceptance limits because of thés completed within the acceptance limits. For example, if three
application of statistics in the development of the acceptanceonsecutive unacceptable calibration tests cuments
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same test stand, and the test number of the first t€&s0id75  for 45 min while maintaining a temperature of 15010°F (66
the next two test numbers would BeD-175Aand6-0-175B If + 6°C).
the results of the next calibration test are acceptable, the test12.1.1.11 Drain the cleanser from the engine cooling system
number 6-0-175C would permanently identify the test and and the flush cart. Flush the system with tap water 2%
appear on future correspondence. The completion of angal/min, <100°F [95+ 19 L/min, <43.7°C]) until the cooling
amount of operational time on tests other than calibration testsystem and flush cart drains run clear.
will cause the test number to be increased by one. No letter 12.1.1.12 Close the cooling system and flush cart drains.
suffix will be added to the test number of tests other tharFill the engine and flush cart with tap water and circulate the
calibration tests. water throughout the engine until the water temperature
reaches 150- 10°F (66 6°C).

12.1.1.13 lIsolate the flushing cart from the engine cooling

12.1 Pre-Test Procedure _ system by opening the flush cart recirculation valve and closing
12.1.1 Engine Cooling System Flushing the inlet and outlet valves.

12.1.1.1 Use the following detailed procedure to flush the 12.1.1.14 Add the sodium carbonate at the rate of 0.05
engine pooli_ng system (u_se afl_ushing cart similar to the deSiQBz/gal (3.8 g/L) of water in the flush cart system. Add the
shown in Fig. 2). The circulating pump shall be capable Ofneutralizer directly to the flushing water.

ﬂg\ll}lrI:i?\ Sginsl%r Lr/]rilijrgr]ahcza?lgb?:ti ;Ikﬁtfern?tearlazﬁi c1‘)lt)—+\/2varsate 12.1.1.15 Allow the neutralizer to mix for 2 min in the flush
9 - ' P ' ’ ﬁ?art. Open the inlet and outlet valves to the engine and close

12. Procedure

and volume measuring equipment for the engine coolant flus e recirculation valve. Circulate the neutralizer through the
cart at least every six months at the operating temperature %ooling system at 25 5 gal/min (1.6+ 0.3 L/s) for 45 min

150°F [65.6°C)). : AN o + po
12.1.1.2 lIsolate the hoses leading from the venturi meter t(%vmle maintaining a temperature of 159 10°F (66 6°C).

: . ; 12.1.1.16 Drain the neutralizer from the engine cooling
the differential pressure sensor by closing the valves or . .

. . system and the flush cart. Flush the engine cooling system and
removing the hoses at the venturi.

12.1.1.3 Remove the engine oil drain plug. This allows anythe flush cart with tap water at 25 5 gal/min (95 19 L/min)

accumulated build-up oil to drain. It also allows a way to ug::leth'?hz'_![e?rﬁ tgreatlﬂfeorg;rgﬁeatgd w:teoru;%gll?%ewégleorml/slz)hoiF
determine the presence of any internal leaks while completin X P P

the flushing procedure. 43.7°C).

12.1.1.4 Close the valve above the heat exchanger arld 12.1.1.17 Drain. the cooling system, remove one or more
isolate the coolant reservoir. This is necessary to prevent a lo eze plugs, and inspect the coolant jacket. The cylinder walls

of fluid during the flushing procedure and to avoid accumula> ould be clean and free of deposits when wiped. Install new

tion of flushing material in the coolant reservoir. free_ze plugs qui_ckly to h_elp prevent the coolant_jackets from
12.1.1.5 Isolate the water pump bypass by disconnecting thg zsgnfélfl(jzefisﬁ are still present in the coolant jacket, repeat

return hose from the intake manifold and routing it to the flush™< -~ <=—=—"" .

cart tank (see Fig. A3.41). Plug the water pump bypass port. 12..1.1.18 Disconnect the flush cart and reconnect the intake

(Warning—The flow rate through the intake manifold return manifold coolant return line to the water pump bypass port.

hose should be choked down to prevent excessive flow ratd3econnect the heat exchanger outlet to the water pump inlet.

through the intake manifold during flushing. This is a ssafetyCharge the engine and RAC with premixed coolant (described

precaution and will not prevent adequate flushing of the intakd? 8-4-1) immediately to prevent rusting of the coolant jacket.
manifold.) 12.1.2 Initial Test Oil Charge—Reinstall the 0|I'pan drain
12.1.1.6 Connect the flush cart outlet hose to the watePlud and charge 124 1 oz (3.67+ 0.03 L) (fluid) of the
pump inlet. Connect the flush cart inlet hose to the engin&@ndidate test oil to the crankcase. _
coolant outlet from the heat exchanger. 12.1.3 Engine Pre-Lubrication-Rotate the oil pump clock-
12.1.1.7 Fill the engine and flush cart with tap waterWise until oil pressure registers in the cylinder head gallery.
(demineralized or distilled water if the tap water has a highTurn the cra.nks'haft a minimum of two full revolutions during .
mineral content). Circulate the water through the engine anéhe pre-lubrication procedure to ensure that the camshaft is
flush cart to heat the water. Continue circulation and heating/etted with test oil during the initial engine start-up (see 8.3.5).
until the water temperature reaches 150L0°F (66 = 6°C). 12.1.4 Engine Break-In Procedure
12.1.1.8 Isolate the flush cart from the engine cooling 12.1.4.1 The laboratory ambient atmosphere shall be rea-
system by opening the flush cart recirculation valve and closingonably free of contaminants. The temperature and humidity
the inlet and outlet valves. level of the operating area are not specified. Divert air from
12.1.1.9 Add the oxalic acid (see 7.7.6) at the rate of Jans or ventilation systems away from the test engine.
oz/gal (23 g/L) of water in the flush cart system; add Petro 12.1.4.2 Prior to Step A of the break-in procedure, start the
Dispersant 425 (see 7.7.6) at the rate of 0.15 oz/gal (1 g/L)engine and adjust timing to 28° BTDC at 750 r/min.

Add the cleanser directly to the flushing water. 12.1.4.3 During Step A (see Table 6 and Table 7), set the
12.1.1.10 Allow the oxalic acid to mix for 2 min in the flush ignition-timing at 28° BTDC and allow the oil and coolant
cart. Open the inlet and outlet valves to the engine, and closeemperatures to reach 115°F (46°C). Adjust the fuel injector
the recirculation valve. Circulate the oxalic acid through thepulse width to provide 6.5 % CO maximum in the exhaust.
cooling system at a flow rate of 26 5 gal/min (1.6+ 0.3 L/s)  Bleed the air from the engine and RAC Bmmmts
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TABLE 6 Sequence VE Break-in Schedule remote filter housing. Check and record the oil lex@b not
Step adjust the dipstickThis oil level check is provided to establish
Conditions A . c the level of fuel dilution present after the break-in and should
(Timing Run) not be used for computing the overall test oil consumption.
Time per step (minutes) 10 40 40 12.2 Engine Operating Procedure
Esgi‘:fg‘;;mgpm””tes) igoo s ggoo 10 320 s 12.2.1 Engine Start-up-Use the following detailed proce-
Engine load (bhp) 2+05 335+ 05 1+05 dure each time the engine is startedVafning—Before
Water out (°F) 1154 185+ 2 115 = 2 starting the engine, be sure there is an adequate supply of
822‘5?“3‘?;2;9 CF g}f e oot cooling water to the exhaust marine manifold. Without coolant
RAC flow (gpm) 2402 T 2402 flow, the marine manifold will overheat and sustain serious
RAC pressure (psig) 10 max 10 max damage.)
Eiﬁ;ﬂgfzs;srec(ops(lng . ar 1o 49 2rios. 12.2.1.1 Turn on the ignition, safety circuits, fuel manage-
Exhaust gas O,(%) 1110 0.3, 0.7 max ment system, fuel pump, and the RAC coolant pump.
+0.1 12.2.1.2 Set the fuel injector pulse width and connect the
A Target value. intake-air supply duct.

B Fuel pressure should be constant at steady state but within the given range.

12.2.1.3 Crank the engine. After the engine has started, the
pulse width should be returned to the Stage 3 setting at the

TABLE 7 (M)Sequence VE Break-in Schedule earliest opportunity.

- Step 12.2.1.4 The fuel management, cranking, and throttle con-
Conditions A B c trol systems should be set up to allow the engine to start within
(Timing Run) 10 s. Since spark ignition engines require a rich air-fuel ratio
Time per step (minutes) 10 40 40 during startup, a Stage 1 or Stage 2 pulse width is normally
Cumulative time (minutes) 10 50 90
Engine speed (rpm) 1500 +25 2500+ 10 750 + 25 necessary for hot and cold starts.
Engine load kw 150+0.37  25.00 + 0.37 0.75 * 0.37 12.2.1.5 If starting difficulties are encountered, the labora-
‘é"lﬁﬁ{o‘)z;gﬁe o 32'12 el wiiin tory should not continue to crank the engine excessively.
RAC inlet °C 29.44 850 « 11 294+ 11 Perform diagnostics to determine the reason the engine will not
RAC flow L/min 76=07 76+07 start (ignition problems, insufficient or excess fuel, and so
RAC i EE:B X oo forth). (Warning—Excessive cranking times can promote
Exhaust gas CO (%) 6.5 max 0.4 max 6.5+ 05 additional fuel dilution of the test oil and increased engine
Exhaust gas 0,(%) 111003, 0.7 max wear.) Warning—In addition to other precautions, do not
*01 attempt to pour gasoline into the intake-air horn.)
? Target value. 12.2.2 Engine Shutdown

B Fuel pressure should be constant at steady state but within the given range.

12.2.2.1 Scheduled Shutdown Procedd+&ollow the pro-

12.1.4.4 During Steps B and C (see Table 6 and Table 7), afiedure detailed as follows each time a scheduled shutdown is
parameters shall be controlled and recorded as normal teBerformed. Scheduled shutdowns include shutdowns that occur
Stage 2 and Stage 3 conditions. Recorchalimal parameters ~during engine break-in and oil leveling:
in Steps B and C after operation for 35 min. In addition, record (&) Bring the engine speed to 750 r/min.
fuel pressure and RAC coolant pressure during Steps B and C. (b) Switch the ignition off.
(c) Reduce the intake-air pressure to atmospheric.
12.2.2.2Unscheduled Engine Shutdowsf-ollow the pro-

) o . cedure detailed as follows each time an unscheduled engine
12.1.4.5 At the earliest opportunity in each step, adjust thep,tdown is performed:

fuel injector pulse width to provide the specified values for CO (a) Bring the engine speed to 750 r/min.

?”d Q in the e_xhaust.Warning—Pr_oIonged o_pe_ration at a (b) Switch the ignition and RAC coolant pump off.
rich air-fuel ratio can cause excessive fuel dilution and alter (c) Reduce the intake-air pressure to atmospheric

test severity.) 12.2.3 Cyclic Schedule, General Description

Note 10—The engine will normally require approximately 15 minto  12.2.3.1 The test is composed of three stages as shown in
reach steady-state conditions after a stage change. Table 2. Together, the three stages comprise one cycle. Each

12.1.5 Dipstick Calibration—After the completion of Step cycle lass 4 h and is repeated 72 times for a total of 288 h. Six
A (see Table 6), shut the engine down (see 12.2.2). Disconnecbnsecutive cycles are completed each 24-h period. Every sixth
the intake-air supply immediately after shutdown to cause theycle is modified to provide time for oil leveling (see A7.9).
inlet air pressure to fall to atmospheric. After 20 min, calibrate 12.2.3.2 Ramping requirements specifying parameter
the dipstickfull mark at the existing sump level and set the lockchange rates are shown in Table 4. The rate of speed,
nuts on the adjustable dipstick. temperature, and load changes, as well as the amount of

12.1.6 Oil Filter Removal and Filter Dummy Installatier  enrichment between stages, can influence sludge and wear
After completion of Step C (see Table 6 and Table 7), shut theeverity. Therefore, ramping rates are very important. Plot
engine down (see 12.2.2). Remove the ail filter 20 min aftespeed, load (torque), exhaust gas, CO, andeVels during
stopping the engine. Install the oil filtelummycap to the Transitions 2 to 3 and 3 to 1, as shown in cunrents

Note 9—The fuel pressure and the RAC coolant pressure are not
recorded after the break-in.
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these parameters once during test hours 12 through 48 for alire, and the barometric pressure.

tests. If a stand calibration test is conducted, also record these (h) Disconnect the apparatus pressure sensor and reconnect
parameters once during test hours 240 to 288. Format arttie engine crankcase pressure sensor to the dipstick tube.
scaling shall conform to Fig. A7.17. (i) Disconnect the surge chamber hose from the air vent

12.2.4 Unscheduled DowntimeThe 30-min oil leveling hose.
periods are the only scheduled shutdown allowed during the (j) Position the three-way valve to divert intake manifold
test and are counted as test time. However, the test can lacuum to the engine PCV valve and disconnect the bleeder
interrupted to perform necessary maintenance (see 12.3.6). Aihe from the three-way valve.
unscheduled downtime shall be noted in the final test report. (k) Connect the air vent hose to the intake-air horn.

12.2.5 Lost Time—This is defined as time lost with respect  (I) Calculate the blowby flow rate using the calibration data
to a master clock in an automatic control system. As arfor the orifice. Correct the value to standard conditions using
example, if the engine stalls but the master clock continues tthe following equation:
run, the time that elapses between the engine stall and Corrected blowby flow rate= blowby flow rate
resumption under operating conditionslost time The test X (18.844(P/459.67+ T))°5 (5)
clock is restarted after the engine has reached operating
conditions.Lost timeshall not exceed 60 min total throughout Where: _ _
the entire test. Make ulpst timein the correct stages at some P = barometric pressure, in. Hg, and
time during the test, and report it in the final test report. T = blowby gas temperature, °F.

12.2.6 Resumption of Test Time After Unscheduled 12-3-3Ignition Timing MeasuremertMeasure and record
Shutdown—After an unscheduled shutdown, test time does nof!' ignition timing at least once per two cycles in Stage 1, 2, or
begin until the engine has reached operating conditions. : .

12.3.4 Exhaust Gas Analysis

12.3 Periodic Measurements and Functions )
12.3.4.1 The recorded readings for exhaust gas CO gnd O

12.3.1 Data Logging—Measure and record all data, except . . . . .
the specific parameters noted in this section, immediately priocl;ontent are taken in accordance with the instructions in 12.3.1.

to the midpoint and conclusion of Stage 1, the conclusion Oﬁowever, t'he exhaust gas CO anqz @ontent should be
Stage 2, and the conclusion of Stage 3. The format for the datrgeasured immediately after the engine oil and coolant tem-

logs is shown in Annex A5. Special considerations concerning?:ra:g;ei;;a/e 1§;ﬁgeigtsze;:dhy;;at§) C%?ggéog;t;n dgi((:)r': hsetsge
computerized data acquisition are detailed in Annex A9. pp y 9€).
to be recorded. The data are used to adjust the fuel management
12.3.2 Blowby Flow Rate MeasurementMeasure and

record the blowby flow rate during the second hour of Stage aﬁ/rS;SgII gtigﬂﬁoigi%ﬁ tef;ec heZ?;gZ is operated at the correct
of eac_h cycle. _T_he engine shall be stable at normal Stage 12.3.4.2 Measure and record the Néontent of the exhaust
operating conditions. Measure blowby when the gas tempera-

) as during Stage 2 once every 24 h. The intent is to take
ture is at least 90°F (32°C). Blowby gas temperature shall no . .
differ from the laboratory average by more than 10°F gubsequent readings after 24 h of run time have elapsed.

t 12.3.5 PCV Valve ReplacementReplace the PCV valve at
48, 96, 144, 192, and 240 h during the oil-leveling procedure

blowby flow rate is detailed in 12.3.2.1. Normally, only one ?see 12'3'6'3)2 Retain the used PCV valves for possible
after-test clogging measurements.

ycle. y 12.3.6.1 The test procedure provides a forced rate of oil

occasionally performed to determine or verify a problem W'thcgnsumption. Make oil additions at 12-h intervals, and take

;h dedi];lig\évalr Ekl)tliwrgeifgvrverr:\?enhzgzzlE?nlizn?; g;ﬁj Zﬂgér)‘(e'laﬁzgg{dsed oil samples at 24-h intervals. No other new oil additions
y ” P are permitted during the test. Used oil additions are permitted
of the reason for the additional measurements. Include these

; X X . hly during engine reassembly for maintenance (see 12.4.2.2).
data in the supplemental operational data in the final test repor. he new oil addition and sampling procedure is detailed as
12.3.2.1 Measurement Procedure

follows. The procedure is shown in a flowchart format on the
(a) Open the bleeder valve completely. Oil Sampling, Addition and Leveling Worksheet in Fig. A5.1.
(b) Connect the bleeder line to the three-way valve.

This form serves as the oil sampling and oil addition data sheet.
(c) Connect the hose from the blowby meter surge chamber 12 3.6.2 0il Sampling Procedure

to the 0.625-in. (15.9-mm) inside-diameter air vent hose onthe () pour 5 0z (150 mL) (fluid) of new oil in a beaker.

intake horn. Fifteen minutes after the engine has been switched to Stage 3,
(d) Position the three-way valve to divert intake manifold remove a 5-0z (150-mL) (fluid) purge sample into the beaker
vacuum from the engine PCV valve to tlemmyPCV valve  containing the new oil.
in the blowby measurement apparatus. (b) Remove a 2-0z (60-mL) (fluid) analysis sample from
(e) Connect the apparatus pressure sensor to the dipstigke engine. Label the sample bottle for identification of test
tube. number, date, test hour, and oil code (see 13.7).
(f) Adjust the bleeder valve to maintain crankcase pressure (c) Return the 10-0z (300-mL) (fluid) composite of new
at 0.0*= 0.1 in. H,O (0 = 25 Pa). oil and purge oil to the engine at all sample hours except hour
(g) Record the differential pressure, blowby gas tempera288. Take precautions to prevent any oi uments
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(d) Do not add new oil to the engine at hour 288. This 12.4.1.1High Blowby Flow Rate Adjustment An adjust-
allows the final drain to be used as a backup to the 288-Iment for high blowby flow rate can be performed only once

sample. and shall be completed during the first 48 h of the test. Reduce
12.3.6.30il Leveling Procedure high blowby flow rate by replacing the compression rings with
(a) After the engine is switched to Stage 3, add 5 oz (1501ew rings that have smaller ring gaps.

mL) (fluid) of new oil to the engine. 12.4.1.2 Low Blowby Flow Rate AdjustmertMake adjust-

(b) Run the engine for 10 min at Stage 3 conditions. ments for low blowby flow rate during the first 120 h of the
(c) Switch the ignition off but leave the RAC coolant pump test. A maximum of two adjustments for low blowby flow rate
on. can be performed. Increase low blowby flow rate by increasing

(d) Bring the intake-air pressure to atmospheric. the rin_g gaps of the compression rings. Do not remove any
(e) Measure and record the il level 20 min after the enginedeposits from the ring or ring land except those located in the
is shut down. rnng gap.

(f) If the oil level is more than 12 fluid oz (360-mL) low  12.4.2 Engine Disassembly and Reassembly for Mainte-
during the first 192 h, invalidate the test because of excessiveance (Before EOT)
oil consumption. Use engineering judgment concerning test 12.4.2.1 When the engine is disassembled for maintenance,
invalidation and termination if the oil level is more than 12 drain as much test oil as possible from the oil pan, and retain

fluid oz (360-mL) low during the remainder of the test. the oil for installation in the engine after reassembly. Take
() If the oil level is above full mark, remove a sufficient Precautions to ensure the oil is not contaminated. Take precau-

quantity to bring the sump level to full. tions to ensure the deposits are not disturbed on any parts that
(h) If the oil level is at or below the full mark, no leveling are used to determine the final test results.

sample can be taken. 12.4.2.2 During reassembly, up to 6 oz (180 mL) (fluid) of
(i) Record all appropriate entries on the data log. the most recent, available oil-leveling sample may be used to
(j) Service the PCV valve in accordance with 12.3.5. lubricate the engine parts. Do not use EF-411 oil or new test oil

(K) Restart the engine 5 min before the scheduled beginninguring engine reassembly. After the engine has been reas-
of Stage 1 and run the engine at Stage 3 speed and load. Sembled, charge the oil pan with the oil removed from the oil

(I) Resume the test at the scheduled beginning of the nean during reassembly. Record all excess oil additions and
cycle. report them in the Supplemental Operational Data.

12.3.7 General Maintenance-The 30-min scheduled shut-  12.4.3 Engine Pre-Lubrication Prior to RestartPre-
down periods during oil leveling allow limited opportunity for lubricate the engine in accordance with 12.1.3 each time the oll

engine and stand maintenance. In addition, the test can be stt2rge has been removed from the engine or when the length
down at any convenient time to perform unscheduled mainte®f the shutdown exceeds 8 h.
nance. However, the duration of a shutdown should be mini- 12.4.4 Engine Parts Replacemen®arts that are rated to
mized. Report any unscheduled shutdown on the Specigetermlne the f_mal test results cannot be_replaced during the
Maintenance Record. Report any attempts to restart the engiri@st. The following parts can be replaced if necessary (record
after stalling when resuming test conditions from a scheduledh€ circumstances involved in the replacement): engine cam-
or unscheduled shutdown as additiosrt attemptson the ~ shaft drive belt, ignition system, PCV valve (see 12.5.5), seals
Supplemental Operational Data Form, Fig A7.5. and gaskets, valves_or valye springs, fuel injectors, oil separa-

12.4 Special Maintenance ProceduresFunctions that re- O (PCV system), piston rings, and spark plugs.
quire special maintenance procedures are listed in this section.12.5 Diagnostic Data Review-This section outlines sig-
These maintenance procedures are specifically detailed bgificant characteristics of specific engine operating parameters.
cause of the effect on test validity or because they requird he parameters can directly influence the test or may be used
special care while being completed. to indicate normalcy of other parameters.

12.4.1 Blowby Flow Rate AdjustmentThe blowby flow 12.5.1 Intake Manifold Vacuum
rate can be adjusted if the cumulative average is projected to 12.5.1.1 Intake manifold vacuum is affected by several
drift outside the specified limits. Adjust the blowby flow rate factors, including engine load, air-fuel ratio, ignition timing,
by increasing or decreasing the size of the compression ringnd engine wear. As a result, it is not a specifically controlled
gaps. Only two ring gap adjustments (one rering and one regaparameter but is used to monitor the condition of the engine.
or two regaps) may be performed during one test. Measure and 12.5.1.2 The intake manifold vacuum normally decreases
record the existing ring gap dimensions before enlarging thérom Stage 1 to Stage 2, even though the engine speed, load,
gaps to calculate ring gap increase due to wear at the end of tleed lambda are the same. This is caused by the increased air
test. Install a new set of torque-to-yield cylinder head boltstemperature in the intake manifold reducing the density of the
when reassembling the engine after the blowby flow raténtake-air charge. The intake manifold vacuum generally
adjustment. Specific limitations concerning high and lowincreases during the first few cycles of the test, as the engine
blowby flow rate adjustments are noted as followfsstuck  breaks-in. It may decrease toward the end of the test if the
rings are discovered during a rework, any corrective actionengine wears significantly. The target range offers adequate
such as freeing the stuck ring(s) shall be noted in the Specidlexibility to account for differences in engine builds and
Maintenance section of the final test report. Note whether théarometric pressure. Operation outside of the target range
ring(s) are cold or hot stuck. suggests possible errors in load, .ignition B@Cumn S
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composition, or combinations thereof. linearly with increasing lambdas for lambda values greater than
12.5.2 Fuel Consumption Rate one.

12.5.2.1 The fuel consumption rate should remain relatively 12-5.4.4 High CO levels indicate excess fuel is being
constant throughout the test. Like intake manifold vacuum, fuejntroduced into the engine, while low CO levels indicate too
consumption rate is not a specifically controlled parameter bufttle fuel is being introduced into the engine. High or erratic
is used as a diagnostics tool. In addition, fuel consumption rat&© |evels can be caused by a variety of problems, including an

and intake manifold vacuum relate to similar operating param@ l€ak in the sampling system (The high CO results from
eters. excessive reduction of lambda to reduce theléel.); PCV
valve that is excessively clogged; or a problem with the fuel

(a) High fuel consumption rate can promote excess'vemanagement system.

cylinder bore, camshaft, and rocker arm wear. Maintain the .
fuel consumption rate below 18 Ib/h (8.2 kg/h) throughout theI 12'5'.4'5 The presence of h'th (Ieve_ls_and normal .CO
evels is usually caused by a slight misfire or a leak in the

entire test. ; "
exhaust gas sampling or measurement system. The misfire can

12.5.2.2 The fuel consumption rate is normally greater inj, .,sed b o -
) . y a plugged fuel injector or an ignition problem.
Stage 1 than in Stage 2 even though the engine speed, load, anqL2_5_4_6 The VE test has been set up to produce signifi-

slrgrsnlinratlgn?rirgzjr:?%e.S:crz:]lz '; tchiatfcssl(ljofvyatrr:ein?gs:ese antly elevated exhaust gas N@vels when compared to a
P 9 P 9 r;;?roduction engine. This raises the NIBvels in the blowby gas

engine efficiency and a decrease !N brake specific fuel COM3nd increases test severity. The Névels should be consistent
sumption (bsfc). Excessive fluctuation of the fuel Consumpt'o.hroughout a test and relatively consistent from test-to-test.

rate at steady-state speed and load may indicate problems wi haust gas NQlevels are primarily a function of combustion

the fuel management or fuel delivery systems. temperatures. As a result, the N@@vels are influenced by
12.5.3 Spark Knock-Spark knock does not normally occur several factors. The cylinder head, camshaft, ignition timing,
in the VE test. The octane rating of the fuel, |gn|t|0n t|m|ng, and lambda have Strong effects on )L\I@/e|s' Load and engine
engine speed and load, and operating temperatures do ngberating temperatures have a smaller effect. Accurate NO
promote spark knock. Spark knock indicates abnormal commeasurement is very sensitive to sample flow rate.
bustion is occurring and can cause extensive engine damage.1» 5 5 Crankcase PressuteCrankcase pressure is a func-
Take corrective action immediately if spark knock is noted.tion of blowby flow rate and PCV valve flow. High crankcase
Errors in the measurement and control of engine load, ignitiofyressure is usually caused by high blowby flow rate or a
timing, operating temperatures, and air-fuel ratio may result ijgnificant loss of PCV valve flow. Incorrect three-way valve
spark knock. plumbing or port plugging also promotes high crankcase
12.5.4 Exhaust Gas Component Levels pressure. Low or negative crankcase pressure may be caused
12.5.4.1 The CO, @ and NQ levels in the exhaust gas are by low blowby flow rate or a restriction of vent air to the PCV
used to determine the characteristics of combustion that occw@lve.
during the test. Use these three parameters in conjunction to 12.5.6 Oil Pressure
determine the normalcy of combustion and any significant 12.5.6.1 The oil pressure is a function of oil viscosity and
changes in combustion that occur throughout a particular tespperating temperature. The oil pressure will normally be
12.5.4.2 Exhaust gas content measurements of CO and Ohighest in Stage 1 and lowest in Stage 3. The oil pressure
are used to ensure the engine is being operated at a speciigould remain consistent throughout the test, unless the oil
lambda during a specific stage. Measurements of CO and @xhibits a significant increase in viscosity.
are used because a specific lambda measurement has not beeh2.5.6.2 An excessive oil pressure differential between the
developed, and a numeric value for each lambda has not be@ump output and engine gallery can indicate the presence of a
determined. The lambda for each stage was chosen to produgestriction in the external system or a large bearing clearance.
specific effects. During Stages 1 and 2, the engine is operatedh excessive oil pressure differential between the engine
at a lambda value greater than one (leaner than stoichiometri@allery and head gallery indicates the presence of a gallery
This causes the engine to be operated at a relatively flat portiarestriction at the head gasket or an increased oil flow rate to the
of the NQ, versus Q curve, near the point of maximum NO  valve deck. When the engine gallery-to-head gallery differen-
During Stage 3, the engine is operated at a lambda value lesisl pressure is lower than normal, camshaft lobe orifice
than one (richer than stoichiometric). This helps dilute theplugging is indicated, causing a reduction in oil flow rate
crankcase oil with fuelThe presence of components other thanthrough the camshatt.
the component that is measured by a particular instrument can 12.5.7 Oil Temperature Differential-The oil temperature
influence the accuracy of the measurement. The laboratorylifferential is primarily a function of oil flow rate and oil
shall ensure the accuracy of the measurement of each specifigscosity and is normally stable throughout the test. The
component. differential can increase if the oil viscosity increases signifi-
12.5.4.3 Exhaust gas CO and Gontent are useful indica- cantly during the test.
tors of various combustion and exhaust gas sampling problems. 12.5.8 Coolant Temperature Differentiat The coolant tem-
Content (CO) increases relatively linearly with decreasingperature differential is primarily a function of the coolant flow
lambda (increasing richness), for lambda values less than omate and is normally stable throughout the test. Large variations
(richer than stoichiometric). Content g0increases relatively in the differential can be caused. by uments
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temperature measurement errors. Coolant flow rate measuradjacent surfaces shall be flat white.
ment errors can be caused by foreign objects in or near the 13.1.3 Rate pistons and RACs against a white background
venturi flowmeter. using white fluorescent bulbs and a 100 % white deflector.
12.6 End of Test Procedure Maintain the illumination level between 350 and 600 fc (3800
12.6.1 Engine Removal-Drain the engine and RAC cool- to 6500 Ix), and measure the illumination level 14 in. (360 mm)
ant immediately after the completion of the last test cycle. Ddrom the desk top. Provide a 15-W bore light with a cool white
not drain the engine oil. Remove the engine from the test stanfiuorescent tube for the cylinder wall varnish rating.
and allow the engine to standrfé h in thesame attitude in 13.2 Sludge Ratings
which it was positioned on the test stand. This allows the oilto 13.2.1 Rate the following parts for sludge deposits: RAC,
drain completely into the oil pan. valve deck, cylinder block, camshaft baffle, front seal housing,
12.6.2 Final Oil Drain and Engine DisassembiyDrain the  and oil pan. Use the rating locations identified on the rating
oil completely and disassemble the engine. During disassenworksheets (see Annex A6). Determine the ratings using the
bly, use extreme care to ensure the original location of the partechniques detailed in CRC Manual No. 12. Adjust RAC
can be identified with respect to the cylinder number or valvesludge on candidate tests for laboratory severity in accordance
location, or both. with Annex Al12.
12.6.3 Parts Layout for Rating 13.2.2 Average Sludge (Unweighted Average of All Six
12.6.3.1 Arrange the following parts in the parts rating areéParts)
in accordance with the layouts detailed in this section. A 13.2.2.1 Use the self-weighting procedure detailed as fol-
photograph of the parts layout is shown in Fig. A6.12. After thelows to determine the sludge rating for each part. Adjust the
parts have been arranged, allow the parts to drain a minimuraverage sludge on non-reference tests for laboratory severity in
of 4 h before rating. Do not attempt to accelerate or force theccordance with Annex A12.
oil draining. Any fixtures can be used to support the parts as (a) Determine the sludge depth at each of the sites shown
long as they orient the parts in the specified configurations. on rating worksheets. A site is defined as a 0.75-in. (19.1-mm)
12.6.3.2RAG—Position the RAC vertically (upper jacket diameter circle.
surface perpendicular to the ground) with the front of the RAC  (b) Determine an interpolated sludge value for a desig-
pointing down. nated site that exhibits more than one level of sludge depth
12.6.3.3 Camshaft Baffle-Position the camshaft baffle ver- within this area. This value is generated by multiplying each
tically (top baffle surface perpendicular to the ground) with therated value’s volume factor by the percentage of area covered,
rear of the camshaft baffle pointing down. totaling these volume factor percentages, and comparing the
12.6.3.4Cylinder Head—Position the cylinder head with total to the values given in Table 8 to determine the rating for
exhaust port surface pointing down. The exhaust manifoldhe site. As an example, if a site was determined to be 50 %
studs should be left in the head to raise the head off of thand 50 %E, the calculation would be: 50 % of the average
supporting surface and allow drainage. sludge depth factor foA (or 1.0), plus 50 % of the average
12.6.3.5Front Seal Housing-Position the front seal hous- sludge depth factor for E (or 16.0); that is:
ing in the same orientation as it is installed in the engine. ([0.5 X 1.0 =0.5] + [0.5X 16.0 = 8] = 8.5), and the calculated
12.6.3.6 Oil Pan—Position the oil pan upside down, at a site sludge depth would bela In the event that there are areas
45° angle, with sump end pointing down. where it is apparent that deposits had formed, but are no longer
12.6.3.70il Screen and Pickup TubePosition the oil adhering to the part, the rating site is the closest point to the
screen and pickup tube in the same orientation as it is installedesignated point that will eliminate the voided area from the
in the engine. The screen should be raised off of the supportin@.75-in. (19.1-mm) rating area.
surface to allow drainage. A fixture is necessary to support the (c) Add the total rating checks made for each line on the

oil screen and pickup tube. appropriate worksheets. These shall equal 10 or 20, depending
12.6.3.8 Engine Block—Position the engine block with the on the part that is rated.
valve deck in a horizontal plane and facing the ceiling. (d) Multiply the total rating checks made on each line by

13 | . f Resul ten or five, respectively (refer tcc)), to obtain the percent
- Interpretation of Results covered by the rated sludge depth. The grand total shall equal
13.1 Parts Rating Area—Environment 100 %.
13.1.1 Ensure that the ambient atmosphere of the parts (e) Convert the percent covered by the rated sludge depth
rating area is reasonably free of contaminants, and that the

temperature is maintained at 75 5°F (24 = 3°C). When a TABLE 8 Average Sludge Site Ratings
rater seeks advice from another rater, report the rating as a ] i Site
. . X Total Site Ratings Total )
consensus rating in the final report. Do not use raters from Ratings
outside sources (other laboratories) for consensus ratings ardi2s Clean =3.500<6.000 c
do not average these ratings. Include independent ratings in tfe-125 < 0.375 Ya A =6.000 < 12.00 b
: al i i | =0.375 < 0.625 Yo A =12.00 < 24.00 E
supplemental pages as information only. =0.625 < 0.875 % A =24.00 < 48.00 F
13.1.2 Rate all engine parts except the pistons, RAC, ando.875 < 1.250 A =48.00 < 96.00 G
cylinder block under cool white fluorescent lighting exhibiting =1-250 < 1.750 AB =96.00 < 192.0 H
. lv 4500 K | t t d il inati =1.750 < 2.500 B =192.0 < 384.0 |
approximately color temperature, and an illumination_; sqq < 3 500 BC ~3840 pm 3
level of 350 to 500 fc (3800 to 5400 Ix). All background and poctiments
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at each location to a volume factor using the procedure showscreen is covered with oil or sludge, blow lightly on the screen
in CRC Manual No. 12. (see CRC Manual No. 12). Note an analysis of deposits
() Add the volume factors on each line to determine theidentified as debris in the Supplemental Operational Data.
total volume factor. Use CRC Manual No. 12 to convert the 13.4.2 Oil Ring Clogging—Determine the percentage of
total volume factor to the sludge merit rating. slot clogging for each oil ring in accordance with the procedure
13.2.2.2Flaky, Bubbly Sludge Deposits Since the occur- detailed in CRC Manual No. 12. Calculate and record the
rence of flaky, bubbly sludge deposits is thought to have @&verage clogging for all four rings.
possible detrimental effect on long-term engine lubrication 13.4.3 PCV Valve Clogging-Determine the percent clog-
system performance, document the occurrence of this type @fing of the PCV valve that is used during the last 48 h of the
deposit in the Supplemental Operational Data section of théest, in accordance with the following procedure:
Final Test Report. The type of information to be recorded is the 13.4.3.1 Measure the PCV valve flow rate at differential
engine part(s) where this type of deposit was observedoressures from 8 and 18 in. Hg (13.5 and 60.8 kPa). Calculate
Suggested wording is as follows: Approximately 6 % of thethe percent clogging in accordance with the following equa-
RAC was found to exhibit flaky, bubbly sludge deposits. tion:
13.3 Varnish Ratings
13.3.1 Preparation of Parts—Rate the following parts for
varnish deposits: piston skirts, camshaft baffle, oil pan, rocker
arm cover, and cylinder walls. Perform the varnish ratings afterVhere:
the sludge ratings are completed. The rating locations ancL = :cmu?lﬂﬂow rate, and
dimensions shall conform with the locations and dimensions’ = [nal flow rate.
detailed on the rating worksheets (see Annex A6). Avoid 13.4.3.2 If any of the PCV valves have been replaced before

; : : ; heduled replacement interval, calculate and report the
disturbing sludge deposits when the parts are being prepardd®. S ! :
for varnish ratings. Heavy sludge can be removed from a < Vvalve clogging for all of the PCV valves. Report the

varnish rating area with a 1-in. (25-mm) rubber spatula prior tooercen'lcaclogging of the last valve on the Ratings and Measure-
wiping. Wipe all parts firmly with wiping materials specified in ments Page. . . .

CRC Manual No. 14. Firmly rub all wiping areas in the same 13.4.4 Camsha_ft_ Lobe O.rlflce.CIoggmg Determine th(_e_
direction until the surface is dry and free of sludge (until nocamshaft Iobg orifice clogging with .the camshaft lobe onﬁcg
more deposit is present on the wiping material after Wiping).fIOW rate device (see 7.5.3 and Figs. A3.32 and A3.33) in

13.3.2 Average Varnish (Unweighted Average of the Firstacfgrgin;e CW'th thte :ﬁ”ow'ng ptrocetdure: . ;
Five Partsy—Use the procedure detailed as follows to deter-air 4.4.1 Lonnect the apparatus 1o a source of compresse
mine the varnish rating of each part: : . )
13.3.2.1 Rate any areas where varnish deposits have been->-44-2 Adjl_JSt the two pressure regulators until the probe
altered during disassembly or sludge removal in accordandgeSsure 1s 10 in. water (2.5 kPa).

; . . 13.4.4.3 Calibrate the apparatus by measuring the flow rate
th deposits on the surrounding non-altered areas. Do not rate ) .
\glltered%relas adean trrotinding when the probe pressure is 10:00.2 in. water (2.49+ 0.05

kPa) and the probe is firmly seated in the calibration lobe

13.3.2.2 Determine varish ratings of all parts except PIS rifice (clean orifice) with the probe pressure adjusted to 10.0

tons by comparison of the deposit on the rating location with :
color chips. The piston photographs shown in CRC ManuagagezlinlgIXIV(?vtvelr?ggr?fhg?:[irlfgsgbrigﬁgg the flow rate as

No. 14 shall be used to determine the varnish ratings on the 13.4.4.4 Firmly seat the probe in each lobe hole, adjust the

pistons. .
13.3.2.3 Determine the average varnish rating over eacHrObe pressure to 18 0.2 in. water (2.43+ 0.05 kPa), and

area specified in the rating worksheets. Adjust piston skir{ecord the flow rate.
) . | -~ .~ 13.4.4.5 Calculate and record the percent flow rate reduc-
varnish ratings on non-reference tests for laboratory severity I0on in accordance with the following equation:
accordance with Annex A12. 9€q '
13.3.2.4 Determine the average varnish rating of the entire camshatt lobe orifice flow rate reduction,%# X100 (7)
part.
13.4 Clogging where:
13.4.1 Oil Screen Clogging-Determine the percentage of | = initial flow rate, and
the total screen opening that is obstructed with sludge and= = final flow rate.
debris. 13.4.4.6 Record the number of clogged camshaft lobe ori-
13.4.1.1 Flexible, transparent rating aids can be made fdices. Clogged orifices are defined as orifices having a flow rate
different surface areas so that when compared to the teséduction greater than 80 %.
screen’s surface, a more accurate determination of surface 13.5 Sticking
clogging is possible. These are made of thin, colored transpar- 13.5.1 Compression RingsRecord the number of stuck
ent plastic cut into circles equivalent in area to 20, 10, and 5 %gompression rings. Definitions to classify the degree and type
(1.5,1.125,and 0.75in. [38.1, 28.6, and 19.1 mm] in diameterpf sticking are detailed in Section 3. List only hot stuck
respectively) of the 9.5 ifA(6130 mnf) flow surface. compression rings on the Ratings and Measurements Summary
13.4.1.2 If there is any question concerning whether thg@age. Denote hot or cold stuck rings ocCumentsy

I -F
PCV valve clogging, %= T X 100 (6)
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Operational Data page and include the ring location (top ofrom the output curve, at the intersection of the output curve,
second) and the piston number. and the leading edge of the C16 peak.

13.5.2 Hydraulic Lifter Plungers—Record the number of 13.7.2.4 Column details are 10 ft by 0.125 in. (305
hydraulic lifter plungers that are completely stuck in the lashcm X 3.2 mm) SS; and the packing material is 5% OV-1 on
adjuster bodies. Note partially stuck plungers on the finalChromosorb W HP.
engine inspection sheet. 13.7.2.5 Increase the oven temperature from 60 to 320°C,

13.6 Wear Measurements with the rate of change of temperature controlled at 8°C/min.

13.6.1 Camshaft Lobe WearMeasure and record the heel- Hold the temperature at 320°C for 16 min to elude oil.
to-toe measurement of each camshatft lobe at the maximum lift 13.7.3 Insolubles—Perform the following analysis on the
point using a device reading directly in micrometres, with anused oil samples from Hours 108, 204, and 288: pentane
accuracy of at least3 pm. Calculate the wear based on theinsolubles. (See Test Method D 893B, pentane only.)
before-test measurements. 13.7.4 Substitute SamplesSamples from hours 36, 132,
Note 11—The + 0.14 adjustment replaces the + 0.24 adjustment. Dérmd 2.28 Can. be substituted .If the sample f.rom the previous
not apply both adjustments. sampling period has_ been misplaced (see Fig. A7.9).

) 13.8 Other Deposits

13.6.1.1 For reference oil tests completed on or after May 13 8.1 Piston Undercrowa-Determine the deposit rating of
a reference oil test is conducted on or after May 16, 1996, d@gntained in CRC Manual No. 16. Rate any areas where
not add 1.451 and 1.693 to average and maximum cam Wegfeposits have been altered by disassembly in accordance with
non-reference oil test results. Adjust wear results for Iaboratorﬂeposits on the adjacent non-altered areas. Do not rate altered
severity in accordance with Annex A12. areas as clean. Identify the percentage of altered area on Fig.

13.6.2 Rocker Arm WearWash the rocker arms with aA7.1.5.
aliphatic naphtha. Wash the rocker arms with ethyl acetate and 13 g 2 Ring Land Deposits-Determine the deposit rating
allow the rocker arms to air dry. Weigh the rocker arms ancpf the ring land faces on all four pistons for each land type:
Calculate the We|ght IOSS base(-j on the befOI‘e-'[eSt WEIghtS crown |and' second land (area between the two Compression

13.6.3 Connecting Rod Bearing Wea#Wash the bearings rings), and the oil ring land (area directly above the oil ring) by
in aliphatic naphtha. Dip the bearings in pentane and allow thgomparison of the deposit on the rating location with color
bearings to air dry. Measure the bearing weights. Calculate thenips contained in CRC Manual No. 14 (non-rubbing scale,
weight loss based on the before-test measurements. Thghpendix A.51). Average the results for each land type from
bearing weight loss is the total loss for two halves of eacheach of the four pistons. Rate deposits that are less than 1.0
bearing. merits using two levels of carbon, heavy carbon, and light

13.6.4 Piston Ring Gap IncreaseClean the ring ends carbon. Heavy carbon is carbon that has more buildup when
thoroughly and measure the ring gap after the rings have begibmpared with adjacent surfaces and has a polished or rubbed
installed in the block (see 7.8, 11.2). Calculate the ring gaBinish. Assign a merit value of 0.0 to areas of heavy carbon.
increase. Compensate for any ring gap adjustments madgate all other deposits as light carbon and assign a merit value
during the test. of 0.75 to those areas. Rate any areas where deposits have been

13.6.5 Cylinder Bore Wea+Measure the transverse bore gjtered by disassembly in accordance with deposits on the
wear at the top, middle, and bottom of the second compressiofdjacent non-altered areas. Do not rate altered areas as clean.

ring travel, using the technique specified in 7.8.94. ( |dentify the percentage of altered area on Fig. A7.1.5.
Measure the bores with both stress plates installed. Calculate

wear based on the before-test versus after-test measurementd: Assessment of Test Validity
13.7 Used Oil Analysis 14.1 The testing laboratory shall assess the validity of tests
13.7.1 Perform the following analyses on the used oilthat have deviations from the procedure. The TMC will assist
samples from hours 0 (new oil), 12, 108, 204, and 288: Irorthe laboratory in the determination of calibration test validity,
content, ppm; copper content, ppm; silicon content, ppm; anif requested by the laboratory. Use the following guidelines as
kinematic viscosity at 40°C, cSt (in accordance with Testa basis for determining test validity:
Method D 445). 14.2 Average Exhaust Gas NQevels—The average NQ
13.7.2 Fuel Dilution—Determine the fuel dilution, percent level during a test should be within 600 ppm of the overall
mass, by gas chromatography (see Test Method D 3525, wittumulative calibration test average for the laboratory. The
the following modifications) on the used oil samples fromcumulative calibration test average is the average N@el of
hours 12, 108, 204, and 288: the last ten calibration tests. Significantly lower N@vels
13.7.2.1 Use C16 in place of C14 for the internal standarctould cause a reduction in sludge severity.
(1-L injector volume). 14.3 Used Oil Analyses—Interpretation
13.7.2.2 Presume that all components lighter than C16 are 14.3.1Iron and Copper ContertThe iron and copper
fuel. content of the used oil samples can indicate the level of wear
13.7.2.3 The integrator should establish a horizontal baséhat occurs during a test. Increased camshaft, rocker arm, and
line under the output curve until the leading edge of C16 iscylinder bore wear causes the iron content to increase. High
reached. Establish a second baseline extending horizontallgvels of iron may also increase sludge sBﬁ&L‘Imeﬂ S
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change in iron levels indicates the rate of change of weathe total length of downtime to exceed 100 h.
levels, although wear tends to be linear throughout the test. 14.9 Deviation Percentage-Calculate the deviation per-
Copper levels tend to be relatively stable unless excessivelyentage in accordance with the following equation:
high levels of connecting-rod bearing weight loss are experi- i—nr M T
enced. DP= 3 [W'R X 5‘] x 100 ®)

14.3.2 Silicon Content-Silicon content indicates the level R
of contamination of the oil from external sources and silicone-where:
based sealers. Silicone-based sealers are used near the réx? deviation, %,
crankshaft seal housing to seal the oil pan. Investigate théV; magnitude of test-parameter deviation from specifi-
presence of silicone-based sealers, the cleanliness of engine cation limit at occurrence,
parts during build-up, the cleanliness of the intake-air, and theR test parameter specification range, _
cleanliness of containers used for dispensing and sampling théi length of time that test parameter was outside of
oil if high levels of silicone are experienced. specification range at occurrence _

14.3.3 Fuel Dilution—Fuel dilution indicates the degree to n number o_f.t|m.es that_ a test parameter deviated from
which the crankcase oil has been diluted with fuel. Fuel _ test specification limits, and .
dilution of the crankcase oil is necessary to achieve adequatg = length of test-phase duration in same unitsTas
test severity. However, excessive fuel dilution may promote Nore 12—T; is assumed to be no less than the recorded-data-
increased wear and sludge severity. The reproducibility of fuehcquisition frequency unless supplemental readings are documented.
dilution tends to be poor. Therefore, fuel dilution levels should
only be compared to other results obtained from the sam

14.10 Invalidate any tests exceeding the following deviation

. . . . ercentages:

analytical laboratory, using the same analytical equipment an brimary test barameter 050
technic|4lue. In\éestigate a higher level of fuel dilution than IS ocondary test parameter 500
normally noted. .

14.4 Blowby Flow Rate 14.10.1 Primary Parameters

14.4.1 The corrected average blowby flow rate shall fall -
within the range from 1.75 to 2.25 cfm (0.83 to 1.06 L/s). In g::"l’n"’l‘gtzf:‘;g:;ﬂse D"";g;(D)
addition, the requirements listed in 14.3.2 shall also be met. cogjant outlet temperature 288

14.4.2 Between 48 and 192 h, a maximum of twelveTiming 288

corrected blowby flow rate readings may be greater than 2.2502% pie g)gggt‘af:}ﬁfs Hand ) 2
cfm (1.06 L/s). Between 48 and 192 h, the summation of the

deltas (delta = [corrected reading in cfm] - 2.25) of blowby 14.10.2Secondary Parameters

flow rate readings above 2.25 cfm are not to exceed 1.2. No

more than 16 of the corrected blowby flow rate readings can bgecondary Parameters Divisor (D)
less than 1.75 cfm (0.83 L/s) during the first 192 h. TheEg\?v'gre Speed ggg
summation of the de;ltas (delta =175~ [corrected Cfm]) 01:Rocker arm cover coolant flow rate (Stages | and IlI) 198
blowby flow rate readings below 1.75 cfm (0.83 L/s) are not toExhaust back pressure (Stages | and 1) 234

exceed 1.6 during the first 192 h. 14.10.3 Specia—For tests started prior to September 1,

~14.5 Intake Manifold Vacuur-Depending upon an indi- 1997 invalidate the test if the deviation percentage for either
vidual laboratory, intake manifold vacuum will vary in accor- engine coolant flow rate or rocker arm cover inlet coolant

dance with the altitude of the laboratory, ambient barometri‘iemperatures exceeds 5.0 %. For tests started on or after

pressure, and the mechanical efficiency of the engine. Labor&eniember 1, 1992, invalidate the test if the deviation percent-
tories should investigate intake manifold vacuum readings thaége for either parameter exceeds 2.5 %.

are abnormal for their laboratory. Abnormal readings can be
due to measurement errors in manifold vacuum, engine build,
exhaust back pressure, engine speed, engine load, and air-fuel

14.10.4 Special Parameters

ratio Special Parameters Divisor (D)
' . . Coolant flow rate 144
14.6 Fuel Consumption RateThe fuel consumption rate Rocker arm cover inlet 288

should not exceed 18 Ib/h (8.2 kg/s) at any time during the test.

) . . ) 14.11 Mid Specification Operatioa-For all tests started on
14.7 Oil Consumptior—The final oil level cannot be lower P b

. : X or after September 1, 1992, invalidate the test if the average of
than 12 0z (3.60 mL) (fluid) during the first 192 h. of _the test. steady state operating data for a controlled, primary parameter
U_se engineering judgment concerning test |nvaI|dat|pn if theis offset from the target mean by more than 12.5 % of the

oil level is lower than 12 o0z (360 mL) during the remainder of allowable control range. For tests started on or after March 30,

the test. _ . 1992, list in the test report any parameters that fall outside of
14.8 Shutdowns-The number of shutdowns are to be mini- {hase limits.

mized. Under no circumstances is the number of shutdowns to
exceed twelve, exclusive of shutdowns for blowby flow rate
adjustments and scheduled oil level shutdowns. Length of Primary: Average must be within 100 0.5°

downtime is to be minimized, and under no circumstances is Secondary: Average must be Withinmcuments

Example: Temperature specification is 16@®°
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14.11.1 Primary Parameters with 12.2.3.2) in the format of Fig. A7.19. Take data during test
hours 12 through 48. Include copies of the transition plots from
Primary Parameters Stage/Range the previous stand reference test with each candidate test run.
Oil inlet temperature (°F) Stage 1 155 = 0.5 If adjustments are needed to bring the transition into conform-
3232 e ance with the requirements of Table 4, include a plot conducted
Coolant outlet temperature (°F) Stage 1 125 + 0.5 after the adjustment, showing conformance to Table 4 criteria.
Stage 2 185 + 0.5 Where additional plots are required, the last plot may be taken
Stage 3 115 = 05 through test hour 64.
14.11.2 Secondary Parameters 15.3.20 Ring adjustment summary, includes cylinder bore
wear (Fig. A7.20),
Secondary Parameters Stage/Range 15.3.21 Deviation percentage summary (Fig. A7.21),
Engine speed (r/min) oage ? and 2 SGR 15.3.22 Mid limit specification summary (Fig. A7.22),
Power (bhp) srage 1and 2 335+ 0.25 15.3.23 Engine operational and special maintenance data
Stage 3 1.0+ 0.25 log (Fig. A7.4).
Rocker arm cover coolant flow rate (gpm) Stage 1 and 3 2.0+ 0.1

15.4 Calibration Test Repo#t-Include the following sec-
» ] tions in the calibration test report. Begin each section on a new
meet the speed, torque, CO, and @lues listed in Table 4~ 15 4 1 Title page (includes validity statement—Fig. A7.1),
during transition from Stage 2 to 3 and Stage 3 to 1. 15.4.2 Calibration test ratings and measurements summary

15. Report (Fig. A7.3),

. . . 15.4.3 Operational summary (Fig. A7.4),
15.1 Report Format-The various required sections and 15.4.4 Supplemental operational data (Fig. A7.5)
specific details concerning the format of the report are outlined 15'4'5 Special maintenance record (Fig A.7 6). '
in this section. Examples of each section are shown in Annex 15.4'6 Oil analyses (Fig. A7.7) S

A5 and Annex A7. Deviations in the format are generally not 15.4.7 Valve train inspection detail (Fig. A7.8),

ggiglléteﬂé Hc;)vgevz:,micitee\gatxr:s ('jnes?ggegg\ll?;tjiroensans?]aﬂth;; 15.4.8 Piston skirt varnish rating breakdown (Fig. A7.9),
Y P - ANy 15.4.9 Corrected blowby flow rate plot (Fig. A7.10),

approved by the TMC. Calibration data for particular reference 15.4.10 Oil addition record (Fig. A7.11),

oils are available from the TMC. - o . :
15.2 Special Forms for Automated Data Acquisitien 15.4.11 Origin of significant engine parts (Fig. A7.12),

Automated data acquisition systems may require the use of 15.4.12 Characteristics of the data acquisition system (Fig.

forms that differ from those shown in Annex A5 and Annex A7. A7-13),
Variations in forms for automated data acquisition systems_1°-4.13 Rocker arm cover and camshatt baffle photographs
shall be approved by the TMC. (Fig. A7.14), _
15.3 Standard Report-Include the following sectionsinthe ~ 19-4.14 Oil pan and screen photographs (Fig. A7.15),
standard test report. Begin each section on a new page and19-4.15 Piston skirt photographs (Fig. A7.16),
insert the sections in the following order: 15.4.16 Camshaft lobe photographs (Fig. A7.17),
15.3.1 Title page (includes validity statement—Fig. A7.1), 15.4.17 Front seal housing photographs (Fig. A7.18),
15.3.2 Ratings and measurements summary (Fig. A7.2), 15.4.18 Report speed, torque, and exhaust gas CO output
15.3.3 Calibration test ratings and measurements summa@ring transition, including limits in Table 4 (in accordance

(Fig. A7.3), with 12.2.3.2) in the format of Fig. A7.19. Take data during test
15.3.4 Operational summary (Fig. A7.4), hours 12 through 48. Include copies of the transition plots from
15.3.5 Supplemental operational data (Fig. A7.5), the previous stand reference test with each candidate test run.
15.3.6 Special maintenance record (Fig. A7.6), If adjustments are needed to bring the transition into conform-
15.3.7 Oil analyses (Fig. A7.7), ance with the requirements of Table 4, include a plot conducted
15.3.8 Valve train inspection detail (Fig. A7.8), after the adjustment, showing conformance to Table 4 criteria.

15.3.9 Piston skirt varnish rating breakdown (Fig. A7.9), Where additional plots are required, the last plot may be taken

15.3.10 Corrected blowby flow rate plot (Fig. A7.10), through test hour 64.

15.3.11 Oil addition record (Fig. A7.11), 15.4.19 Ring adjustment summary, includes cylinder bore

15.3.12 Origin of significant engine parts (Fig. A7.12),  wear (Fig. A7.20),

15.3.13 Characteristics of the data acquisition system (Fig. 15.4.20 Deviation percentage summary (Fig. A7.21),
A7.13), 15.4.21 Mid limit specification summary (Fig. A7.22),

15.3.14 RAC and camshaft baffle photographs (Fig. A7.14), 15.4.22 Engine operational and special maintenance data

15.3.15 Oil pan and screen photographs (Fig. A7.15), log (Fig. A7.4, Fig. A7.5, and Fig. A7.6).

15.3.16 Piston skirt photographs (Fig. A7.16), 15.5 Photographs-The required photographs are listed in

15.3.17 Camshaft lobe photographs (Fig. A7.17), this section and shown in Fig. A7.14 through Fig. A7.18. These

15.3.18 Front seal housing photographs (Fig. A7.18), figures depict the headings and the recommended orientation of

15.3.19 Report speed, torque, and exhaust gas CO outptite photographs. Digital images, comparable in pictorial qual-
during transition, including limits in Table 4 (in accordance ity to photographs, may be used instead ments
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15.5.1 RAC,

15.5.2 Front seal housing,

15.5.3 Camshatft baffle,

15.5.4 Qil pick-up screen,

15.5.5 Qil pan,

15.5.6 Average and worst piston, anti-thrust sides,
15.5.7 Average and worst piston, thrust sides,

same laboratory or different laboratories, and with any ap-
proved fuel batch. The data are collected and analyzed by
industry volunteers, and reported to the ASTM Sequence VE
Test Method Surveillance Panel.

16.1.1.2 The statistical criteria summarized in Table 9
represents the estimate Bfeproducibility based on 250 df
obtained over the period of April 1, 1992, through September

15.5.8 Best camshatt lobe (lowest wear), 30, 1994, for the various required engine deposit and wear

15.5.9 Worst camshaft lobe (highest wear), and performance parameters. This reasonably long time period was

15.5.10 Best and worst camshaft follower (lowest andselected as being representative of a consistent period of test
highest wear). operation. (If a potential user has a desire to know what the
most recent precision data are for non-reference oils, the TMC
can provide this information by consulting the appropriate

16.1 Precision Sequence VE Surveillance Panel meeting minutes.)

16.1.1 Non-Reference Ois To aid the potential user of this ~_ 16-1.1.3Reproducibility (R}—The difference between two
test method to assess the variability that can be expectendle and independent results obtained on the same oil by
between test results when the test method is used in one @ffferent operators working in different laboratories would, in
more reasonably competent laboratories, the precision info1® 1ong run, in the normal and correct conduct of the test
mation in Table 9 has been developed: method, exceed the values in Table 9 in only one case in

16.1.1.1 The non-reference oil precision for this test methodWenty. o i .
is determined by the statistical analysis of sets of data 16-1.1.4 No similar estimate of non-reference Ripeat-

submitted by users of the test method. Each set of data consitgility is available with this test method since the number of
of two or more engine test results, obtained on the same engif¥n-reference oil tests repeated in the same engine, test stand,

oil formulation. Each data set may be from tests run in theand laboratory are limited. An estimate of currBtepeatability
is contained in the statistical reference oil data base maintained

by the TMC.
A 16.1.2 Reference Oils-The TMC uses the precision infor-
mation developed from frequent tests on several reference oils

16. Precision and Bias

TABLE 9 Non-reference Oil Precision Statistics

Measured Units

Variable < geproducibili%BD to help those laboratories conducting the test method maintain
-~ i . -
Average engine varnish. merits kS 0.58 consistent test severity. These precision data are updated
Average piston varnish, merits 0.25 0.70 regularly and are available upon request from the TMC. The

reference oil precision from operationally valid tests from April
1, 1992, through September 30, 1994, is summarized in Annex

Transformed Units
Reproducibility®

Variable

SR ¢ RP All.
Average engine slude, - In (9.65-merits) 0.56 1.57 16.2 Bias—Bias is determined by applying an accepted
Rocker cover sludge,(—lr: ()9-65-merits) 8-51 1-;‘»3 statistical technique to reference oil test results, and when a
Average cam wear, — (mils 71 1. s e . - . . . . o
Maximum cam wear, In (mils) 102 286 significant bias is determined, a severity adjustment is permit

ted for non-reference oil test results (see 13.2.1, 13.3.2.3, and
Annex Al12).

17. Keywords

A These statistics are based on non-reference oil test results obtained over the
period of April 1992 through September 1994.

B Reproducibility values refer to tests run on the same oil in different laborato-
ries.

Cs = Standard deviation.

D On the basis of test error alone, the difference, in absolute value, between two
test results will be expected to exceed this value about 5 % of the time. This value
is obtained by multiplying the reproducibility standard deviation ( Sg) by 2.8.
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ANNEXES
(Mandatory Information)

Al. SPECIAL SERVICE TOOLS FOR THE TEST ENGINE

Al.1 See Table A1.1.

TABLE Al.1 Special Service Tools for the Test Engine

Tool Number Description

T74P-6000LA 2.3 L service tool kit

T74P-6015-A engine plug replacer

T74P-6019-B front cover alignment tool

T68P-6135-A piston pin remover/replacer

T74P-6136-A crankshaft timing gear remover/adapter

T74P-6150-A camshaft and auxiliary shaft seal replacer

T71P-6250-A camshaft bearing replacer

T74P-6254-A camshaft belt tension adjusting tool

T74P-6256-B camshaft and auxiliary shaft glide hammer sprocket
tool

T59L-100-B slide hammer

T74P-6375-A flyway holding tool

T74P-6565-A valve spring compressor

T73P-6571-A valve seal installer

T79P-6634-A pressure diagnostic gage

T74P-6700-B front cover seal remover

T82L-6701-A crankshaft seal installer

D79L-6731-B oil filter wrench

T71P-7137-C pilot bearing replacer

T71P-7137-H clutch aligner

T77L-9533-B jet plug remover/small

T58L-101-A puller attachment

T74P-6306-A crankshaft timing gear tool

T74P-6312-A crankshaft damper remover

A2. EXTERNAL OIL HEAT EXCHANGER CLEANING TECHNIQUE

A2.1 Remove and completely disassemble the heat ex- A2.3 Rinse the heat exchanger with hot water.
changer including the end caps.

A2.4 Ri the heat h ith aliphati htha.
A2.2 Flush the shell side of the heat exchanger with an inse the heal exchanger with aliphatic haphiha

organic solvent for a minimum of 12 h to ensure the removal
of all deposits. This can be accomplished by using a positive
displacement pump to flow the sqlvent through the heat Nore A2.1—The tube side of the heat exchanger should be periodically
exchanger at a flow rate of 18 2 g/min (0.63%+ 0.126 L/S).  cleaned to ensure adequate heat transfer. Arifle bore cleaner attached to an
Several heat exchangers can be flushed at the same time #gctric drill has been found to be an effective way to remove process
connecting them in series. Flushing can be required for longewater deposits. Ultrasonic cleaning is also effective in this application.
than 12 h if the deposits are particularly heavy or the solvent is

aged. Filtration of the solvent can extend the useful life of the

solvent.

A2.5 Air dry the heat exchanger.
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A3. DETAILED SPECIFICATIONS AND PHOTOGRAPHS OF APPARATUS

A3.1 See Figs. A3.1-A3.48.

FIG. A3.2 Typical Test Stand, Right Forward View

Full document details: ASTM D5302-01
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FIG. A3.4 Intake Air Horn
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PROBE DETAIL FLANGE DETAIL
.25" STEEL TUBING
BEND 90° AS SHOWN

125" DRILL THRU'
5 HOLES AS SHOWN

WELD 2 GRIND
HEMISPHERICAL

375
. . . 9 375" DRILL
THRU 3
Y HOLES Eq
M—FhF AT A SPACED ON 350"
N BOLT CIRCLE
25 |25 | 25 ] 25
200"

ASSEMBLY

EXHAUST BACK-PRESSURE PROBE SWAGELOCK 5-400-1-8
MALE CONNECTOR OR

T
200" STEEL PIPE ggglv;hERﬁY DRILL BODY

IN]

500" LONG \2
-—
3

[ rd
EXHAUST FLOW s,

NI

_—

075" DRILL ¥

EXHAUST GAS

SAMPLE PROBE ~jmrr o 25

Note 1—Bend external tubing segment after assembly parallel witht&tion is required
probe axis as shown. This permits visual alignment check durin

operation.

FIG. A3.5 Exhaust Gas Sample Probe, Exhaust Back Pressure

Probe and Flange Assembly
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MAKE FROM 257 STEEL PLATE

[ 05" BLACK IRON
PIPE UNION

FLOWMETEH_L\

MALE QUICK
DISCONNECT
PARTICULATE  FlLow NO
FILTER ONTROL ~ ANALYZER
ALVE

WATER  BYPASS
TRAP (OPTIONAL)

co 02
ANALYZER ANALYZER

FROM ENGINE

INDUSTRIAL OXYGEN
000-5000 ppm NOx
10% 07 IN Ny
05% 02 IN N2
05% CO IN Ny
65% CO N Ny

BYPASS
(OPTIONAL)

CALIBRATION GASES

Note 1—A typical exhaust gas analysis system is shown in Fig. A3.6.
The condenser can use an ice bath or mechanical refrigeration. Ice bath
condensers should use a coil fabricated from 0.25-in. (0.64-cm) stainless
steel tubing and provide sufficient cooling to condense moisture at a dew
point of 34°F (1°C). Mechanical refrigeration should provide control of
the bath temperature to 3# 2°F (1 = 1°C). The flow rate of engine
exhaust and calibration gases should be identical and within the specifi-
cations of the instrumentation. An air-conditioned chamber for instrumen-
if ambient temperatures are above the maximum
ecommended for the particular instrumentation used.

tainless steel fittings are preferred throughout the analysis system.
Aluminum fittings may cause erroneous NO, and ultimately, K&dings.
Brass fittings should not be used in the analysis system. The porosity of
the particulate filter should be between 2 and 10 um. A diaphragm-type
pump is recommended to reduce pump “hang W¥arning—Safety
precautions are necessary concerning venting CO, NO, and ozone gases
from the analyzer instruments.

Note 2—Require Calibration Gases:

Nominal 5000 ppm NQ balance N
Nominal 6.5 % CO, balance N
Nominal 0.5 % CO, balance N
Nominal 1.0 % Q, balance N
Nominal 0.5 % Q, balance N
Optional Zero Standard Gas:

N , for NO,, O,, and CO analyzers

Note 3—If the optional zero standard gases are not used to zero the
analyzers, the CO calibration gases can be used to zero ta@dlyzer,
the G, calibration gases can be used to zero the CO analyzer, and bottled
air can be used to zero the N@nalyzer.

FIG. A3.6 Exhaust Gas Analysis System

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/astm-d5302-01
http://www.avadocuments.com/doc/astm-d5302-01

THERMOSTAT HOUSING WITH TEMPERATURE SENSOR
SEE A3.12 FOR DETALS

SIGHT GLASS

VENTURI FLOWMETER MCDEL BR12705-16-31 WITH PRESSURE TAPS (SEE NOTE 2)
FLOW CONTROL VALVE

OPTIONAL TEMPERATURE CONTROL SENSOR

FLUSHING ISOLATION VALVE

FABRICATED COOLANT RESERVOR

CONSTANT FULL EXPANSION TANK

@O0 OOO6 O

PRESSURE RADIATOR CAP MOTORCRAFT RSLO P/N D2YY-6100-A)
@ PROCESS WATER CONTROL VALVE
{REGULATED Y TEMPERATURE
COMPONENTS OF ENGINE CONTROLLER WITH THREE
COOLING SYSTEM REMOTE SET POINTS]

@ HEAT EXCHANGER
IITT STANDARD
P/N 5-030-06-048-001 TYPICAL)

@ PROCESS WATER SUPPLY
ISHELL SIDE)

@ TEE WITH TEMPERATURE SENSOR
FOR COOLANT INLET, LOCATED
12-16 INCHES UPSTREAM OF PUMP
INLET.

@ ENGINE WATER PUMP.

@9 CONNECTION TO INTAKE MANIFOLD
C/UNPT FITTING /21D

@ AR BLEED VALVE
(7" NEEDLE VALVE}

@ COOLANT SYSTEM DRAIN VALVE

® HEATER RETURN HOSE CONNECTION
AT PUMP INLET.

s
FRONT VIEW OF ENGINE @ ! ™l 1. HOSE

@ ENGINE COOLANT (TUBE SIDE)
€D PRESSURIZE COOLING SYSTEM TO
104/ 1 PSIG

Note 1—Observe temperature sensor locations in thermostat housing

and at water pump inlet.
NoTte 2—See X2.
FIG. A3.7 Typical Engine Cooling System Schematic

FIG. A3.8 Typical Engine Cooling System, Venturi Flowmeter
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FIG. A3.9 Typical Engine Cooling System, Flow Control Valve,
Venturi Flowmeter, Expansion Tank, and Sight Glass

SEE DETAIL VERTICALLY MOQUNTED
© ITT STANDARD KEAT

EXCHANGER

P/N 5-160-02-008-001

PROCESS WATER INLET ITUBESIDE}
TOP OF HEAT EXCHANGER

CORE TQ BE LEVEL WITH
BOTTOM FACE OF CYLINDER
BLOCK DIRECTLY UNDER
CYLNDER BLOCK Ot FILTER
MOUNTING POINT.

PROCESS WATER RETURN

SEE OETAL B QD

>

SEE DETAL ® ®

@ OR FLTER SANDWICH PLATE
OUMMY CAP WITH TEMPERATURE

# 8 AEROOUP

OR EQUIVALENT

W SENSOR AND OiL PRESSURE
GAGE TAPSA

(@ RUSSELL REMOTE OIL FILTER

ADAPTER HOUSING
‘i x ‘1" ADAPTER P/N 5178 OR $179
[ALTERNATE HAND)OR BOWDEN
ADAPTOR
@ TEMPERATURE SENSOR O ouT

© TEMPERATURE CONTROL
/" CLOSE NIPPLE SENSOR ORL N

/1 ELBOW (3 Ol SAMPLE VALVE

NOTE : EXTERNAL SYSTEM OL
#8 AEROQUP HOSE VOLUME 18 2 3 oz,
WITH STRAIGHT FITTING 132 s 887 o)

TEMPERATURE
sEnson OR EQUIVALENT BOWDEN ADAPTOR OR
My w RUSSELL REMOTE
rox ' ADAPTER FLTER ADAPTER

P/N 5178 OR
H

cerar @ [ #8 90°

/1" CLOSE
NFPLE

/3" CROSS

3
AEROQUP HOS! On FLTER

AMP
s LE vALVE OR EOUNALENT.

ABowden Adapter BX-570-2 may be used in lieu of Sandwich Plated.

FIG. A3.10 Oil Cooling System Specification
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