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Safety Precautions Annex Al D 5185 Test Method for Determination of Additive Ele-
Control and Data Acquisition Requirements Annex A2 ments, Wear Metals, and Contaminants in Used Lubricat-
gg;fi'zfjsse’?\ffc'g‘:Ta()‘ﬁgsf;”tﬁepg‘:géﬁgﬂse°f Apparatus - fnnex /= ing Oils and Determination of Selected Elements in Base
Test Engine Part Number Listing Annex A5 Oils by Inductively Coupled Plasma Atomic Emissions
External Oil Heat Exchanger Clzaning Tephpique Annex A6 Spectrometry (|CP_AE§)
3?;;;?3%35;&0” Forms and Data Dictionary G D 5302 Test Method for Evaluation of Automotive Engine
Critical Part Supplier List Annex A9 QOils for Inhibition of Deposit Formation and Wear in a
gP?faﬁwa'kDﬁtat'-og'Engi”e oil ﬁ”nexﬁg Spark-Ignition Internal Combustion Engine Fueled with
ating vorksheets nnex A -
Fuel Injector Flow Measurements Annex AL2 Gasoline zi_nd Operated Under Low-Temperature, Light-
APPENDIXES Duty Condition$
ZiStO“ a“df Ei“? Measurements Rt?wrd Forms ﬁppeng?x o D 5844 Test Method for Evaluation of Automotive Engine
ources o aterials and Information ppendix . e -
Description of Scott Quarterly Gas Audit Service Appendix X3 Qils for Inhibition of RUStlng (Sequence ”B) . . .
D 5862 Test Method for Evaluation of Engine Oils in
2. Referenced Documents Tyvo-Stroke Cycle Turbo-Supercharged 692TA Diesel En-
2.1 ASTM Standards: gine?

D 86 Test Method for Distillation of Petroleum Products at D|6304PTe3t Metrliog for I_Deteor.rrinatigrkgg_\/.\/aterbin CP et{o-
Atmospheric Pressute eum Products, Lubricating Oils, an itives by Coulo-

D 287 Test Method for API Gravity of Crude Petroleum and metric Ka_rl Fischer_Titrat@o?l_ . L
Petroleum Products (Hydrometer Methbd) E 29 Practice for Using Significant Digits in Test Data to

D 323 Test Method for Vapor Pressure of Petroleum Prod- GD4e(;[e_:_ming Clonforlr?nalmqe WithESpe_cificat?r\],své
ucts (Reid Method) erminology Relating to Erosion an ar

. 2.2 ANSI Standard:
D 381 Test Method for Gum Content in Fuels by Jet
Evaporatiof y ANSI MC96.1 Temperature Measurement-Thermocouiples

D 445 Test Method for Kinematic Viscosity of Transparent 3. Terminolo
and Opaque Liquids ' nology
D 525 Test Method for Oxidation Stability of Gasoline 3.1 Definitions:

(Induction Period Method) 3.1.1 air-fuel ratio, n—in internal combustion engingthe

D 873 Test Method for Oxidation Stability of Aviation Fuels mass ratio of air-to-fuel in the mixture being inducted into the
(Potential Residue Methatl) combustion chambers. D 5302

D 1266 Test Method for Sulfur in Petroleum Products 3.1.1.1Discussior—In this test method, air-fuel ratio
(Lamp Method} (AFR), is controlled by the EEC IV engine control module.

D 1298 Test Method for Density, Relative Density (Specific ~3.1.2 blowby, n—in internal combustion enginethe com-
Gravity) or API Gravity of Crude Petroleum and Liquid bustion products and unburned air and fuel mixture that enter
Petroleum Products by Hydrometer Method the crankcase. D 5302

D 2622 Test Method for Sulfur in Petroleum Products by 3.1.3 cold-stuck piston ring n—in internal combustion
Wavelength Dispersive X-ray Fluorescence Spectrorfietryenginesa piston ring that is stuck when the piston and ring are

D 2789 Test Method for Hydrocarbon Types in Low Ole- at room temperature, but inspection shows that it was free

finic Gasoline By Mass Spectrometry during engine operation.
D 3237 Test Method for Lead in Gasoline by Atomic 3.1.3.1Discussior—A cold-stuck piston ring cannot be
Absorption Spectrometfy moved with moderate finger pressure. It is characterized by a
D 3525 Test Method for Gasoline Diluent in Used GasolinePolished face over its entire circumference, indicating essen-
Engine Oils by Gas Chromatograghy tially no blowby passed over the ring face during engine
D 4057 Practice for Manual Sampling of Petroleum andoperation. D 5302
Petroleum Products 3.1.4 debris n—in internal combustion engingsolid con-
D 4175 Terminology Relating to Petroleum, Petroleumtaminant materials unintentionally introduced into the engine
Products, and Lubricarits or resulting from wear. D 5862

D 4294 Test Method for Sulfur in Petroleum and Petroleum 3.1.4.1 Discussior—Examples include such things as gas-
Products by Energy_Dispersive X_ray Fluorescence Specket material, silicone sealer, towel threads, and metal particles.

trometry’ 3.1.5 hot-stuck piston ringn—in internal combustion en-
D 4485 Specification for Performance of Engine ®ils gines a piston ring that is stuck when the piston and ring are
D 4863 Test Method for Determination of Lubricity of at room temperature, and inspection shows that it was stuck
Two-Stroke-Cycle Gasoline Engine Lubricahts during engine operation. D 5302
D 5059 Test Method for Lead in Gasoline by X-Ray Spec-
troscopy

¢ Annual Book of ASTM Standardgol 05.03.
7 Annual Book of ASTM Standardgol 14.02.
8 Annual Book of ASTM Standardgol 03.02.
4 Annual Book of ASTM Standagdgol 05.01. 9 Available from American National Standards Institut NSI), 25 W. 43rd St.
5 Annual Book of ASTM Standardgol 05.02. 4th Floor, New York, NY 10036. ﬁo u ments
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3.1.5.1 Discussior—The portion of the ring that is stuck  3.2.3.1 Discussior—A Lambda value of 1.0 denotes a
cannot be moved with moderate finger pressure. A hot-stucktoichiometric air-fuel ratio.
piSton ring is characterized by varnish or carbon across some 3.2.4 |Ow-temperature' ||ght-duty Conditionﬂ_indicative
portion of its face, indicating that portion of the ring was not of engine oil and coolant temperatures that average below
contacting the cylinder wall during engine operation. normal warmed-up temperatures, and engine speeds and power
3.1.6 filtering, n—in data acquisitiona means of attenuat- outputs that average below those encountered in typical high-
ing signals in a given frequency range. They can be mechanic@jay driving.
(volume tank, spring, mass) or electrical (capacitance, induc- 3 5 5 ramping n—the prescribed rate of change of a vari-

tﬁnce)fogdlgltallll (malthematlca:c.lformulas), ora r(]:ombmatlon ble when one set of operating conditions is changed to another
thereof. Typically, a low-pass filter attenuates the unwantedgs of operating conditions.,

high frequency noise.
3.1.7 knock n—in a spark ignition engineabnormal com- 4 Summary of Test Method

bustion, often producing audible sound, caused by autoignition o .
of the air/fuel mixture. D 4175 4.1 Each test engine is assembled with many new parts and

3.1.8 out of specification datan—in data acquisition essentially all aspectsf of as§embly are specified in detail.
sampled value of a monitored test parameter that has deviated4.2 The test stand is equipped to control speed, load, AFR,
beyond the procedural limits and various other operating parameters.

3.1.9 reading n—in data acquisition the reduction of data 4.3 The test is run for a total of 216 h, consisting of 54
points that represent the operating conditions observed in theycles d 4 h each. Each cycle consists of three stages.
time period as defined in the test procedure. 4.4 While the operating conditions are varied within each

3.1.10scoring n—in tribology, a severe form of wear cycle, overall they can be characterized as a mixture of
characterized by the formation of extensive grooves andow-temperature and moderate-temperature, light and medium
scratches in the direction of sliding. G40  duty operating conditions.

3.1.11 scuffing n—in lubrication, damage caused by instan- 4.5 To accelerate deposit formation, the level of oxides of
taneous localized welding between surfaces in relative motiofjtrogen in the blowby and the rate of blowby into the
that does not result in immobilization of the parts.D 4863 crankcase are significantly increased. The fresh air breathing of

3.1.12 sludge n—in internal combustion enginea deposit,  the crankcase is eliminated and the oil and coolant tempera-
principally composed of insoluble resins and oxidation prod+tures are lowered to induce condensation of water and fuel.
ucts from fuel combustion and the lubricant, that does notdrain 4 ¢ The performance of the test engine oil is evaluated at the
from engine parts but can be removed by wiping with a CIc’th'end of the test by dismantling the engine and measuring the

] ] o D 53.02 level of deposit formation.
3.1.13 time constantn—in data acquisitionA value which
rgpresents a measure of the time response of a system_. FO‘S.""Significance and Use
first order system responding to a step change input, it is the ] ) )
time required for the output to reach 63.2 % of its final value. 5.1 This test method is used to evaluate an automotive
3.1.14 varnish n—in internal combustion engines hard, €ngine o_|I’s control of engine deposits under qperatlng condl_-
dry, generally lustrous deposit that can be removed by solventions deliberately selected to a_ccellerate deposﬁ formation. Th|s
but not by wiping with a cloth. D5302 test method was correlated with field service data, determined
¢ from side-by-side comparisons of two or more oils in police,
taxi fleets, and delivery van services. The same field service
3.1.15.1 Discussior-Wear generally occurs between two oil_s were then used in developing the operating conditions of
surfaces moving relative to each other, and is the result oﬁh's test procedure. ) _
chanical and chemical actions. the minimum performance level of the APl Category SL
(detailed information about this category is included in Speci-
fication D 4485). This test method is also incorporated in

3.1.15wear, n—loss of material from, or relocation o
material on, a surface. D 5844

3.2 Definitions of Terms Specific to This Standard:

3.2.1 clogging n—the restriction of a flow path due to the ) ! : .
accumulation of material along the flow path boundaries. automobile manufacturers’ factory-fill specifications.
3.2.2 enrichmentn—in internal combustion engine opera- 5.3 The basic engine used in this test method is representa-

tion, a fuel consumption rate in excess of that which woulgtive of many that are in modern automobiles. This factor, along
achieve a stoichiometric air-to-fuel ratio. with the accelerated operating conditions, should be considered

3.2.2.1 Discussior—Enrichment is usually indicated by el- when interpreting test results.
evated CO levels and can also be detected with an extended L
range air/fuel ratio sensor. 6. Apparatus-General Description

3.2.3 Lambda n—the ratio of actual air mass induced, 6.1 The test engine is a Ford 4.6L, spark ignition, four
during engine operation, divided by the theoretical air masstroke, eight-cylinder V configuration engine. Features of this
requirement at the stoichiometric air-fuel ratio for the givenengine include an overhead camshaft, a cross-flow fast-burn
fuel. cylinder head design, two valves per cwummm

Document Sharing Hub

Full document details: ASTM D6593-02a


http://www.avadocuments.com/doc/astm-d6593-02a
http://www.avadocuments.com/doc/astm-d6593-02a

. . . .S,
NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

A D 6593 — 02a
“afl

O O O O

f N S N o x

FUEL INJECTOR
F4SE-ATB

FUEL RAIL ASSEMBLY
FSAE-9F792-AC

FUEL
PRESSURE REGULATOR
VF4SE-9C96B-AA

T FROM VACUUM CONNECTION
FUEL CRAIL U Al TO INTAKE MANIFOLD
- -
PRESSURE T TEMPERATURE
GAUGE 00000,
C > T SENSOR
PROCESS WATER 3
. by

>

4‘ >< F 5-180-02-008-002 J
3/8 \

ITT HEAT EXCHANGER

> FORD FUEL PUMP
E7TF-9C407-BA

3/8

ST
1r

s

A

FLOW METER

FROM
“—— EXTERNAL
TANK

MOTORCRAFT
FUEL FILTER
FG-719

FIG. 1 Schematic of Engine Fuel System

port fuel injection. It is based on the Ford Motor Co. 4.6L EFl 6.4 Use an appropriate fuel supply system (Fig. 1).

Crown Victoriat® passenger car engine. 6.5 The control and data acquisition system shall meet the
6.2 Configure the test stand to accept a Ford 4.6L two valvegsquirements listed in Annex A2.

per cylinder engine. All special equipment necessary for

conducting this test is .Iisted. hereir?.. . 7. Apparatus-The Test Engine
6.3 Use the appropriate air conditioning apparatus to control _ _ o
the temperature, pressure, and humidity of the intake air. 7.1 Sequence VG Test Engirdhe test engine kit is

available from the Ford Motor Co. (A9.1). A detailed listing of
- all parts included in the kit is given in Annex A5. Orders for
10 Ford Crown Victoria is a product of the Ford Motor Co., Dearborn, MI 48121. test engine hardware will be solicited vearBOCLI ments
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7.1.1 Non-rated parts can be replaced during the tespart is replaced, then the pair shall be recalibrated. Use the
provided the reason for replacement was not oil related. dipstick and dipstick tube available from the supplier listed in

7.2 Required New Engine ParsUse a new kit engine (see A9-2. o _
Annex A5), engine kit, and gasket kit for each test. Gaskets 7-4.5 Oil Pan—Use a modified oil pan with removable

may be reused during each test as long as they remafpgffles as shown in Fig. A3.7 from the supplier listed in A9.2.
serviceable. 7.4.6 Exhaust Manifole-~The required exhaust manifolds

see A9.4), transition plates (see A9.3) and exhaust system are
(see A9.4) iti I (see A9.3) and exh
Ishown in Figs. A3.15 and A3.16. A heated exhaust gas oxygen

can be reused (all of these can be used in numerous engir@'é'EGo) sensor is installed in the exhaust system after each

assemblies as long as they remain serviceable). See Annex A%XhaUSt manifold.

. ; - 7.4.7 Flywheel—Use the flywheel listed in Annex A5.
Timing chain covers can be used numerous times as long as X .
they remain serviceable. 7.4.8 Rocker Arm Cover (RASThe RAC is fabricated

. . . ) from stainless steel and incorporates a water jacket and bolt
7.4 Specially Fabricated Engine ParsThe following sub- 1, ,qqe for the camshatft baffle (see Figs. A3.3-A3.5). The RAC,

sections detail the specially fabricated engine parts required i \ts and washers supplier is listed in A9.2.

this test method: 7.4.9 Oil Filter—Use a 60 um screen type oil filter with a

7.4.1 Intake Air Systen(see Fig. 2 and Figs. A3.1 and pypass (see Fig. A3.8) available from the supplier listed in
A3.2)—Intake air system shall use the stock Crown Victoriax2.1.20.

configuration with the air horn removed from the air cleaner. 7.4.10 Oil Pan Insulatior—The oil pan is covered with a
7.4.2 Camshaft Bafflesee Fig. A3.3)—These are fabri- fiberglass insulation to reduce the effects of ambient tempera-
cated for attachment to the under side of the rocker cover. Thiaire variations. The insulation supplier is listed in A9.2.
clearance between the edges of the baffle and the (rocker arm7.5 Special Engine Measurement and Assembly
cover) RAC permits a limited splash flow of oil to the top of Equipment—Items routinely used in the laboratory and work-
the baffle and the RAC. Therefore, the dimensional accuracy ashop are not included. Use any special tools or equipment
the baffle is important to minimize the influence on testshown in the 1994 Ford Crown Victoria Service Maritidbr
severity. The camshaft baffle is available from the supplie@assembly. A list of these tools is shown in Annex A4. Complete
listed in A9.2. any assembly instructions not detailed in Section 7 according
7.4.3 Crankcase Qil Fill Por+—The crankcase oil fill port is to the instructions in the 1994 Ford Crown Victoria Service

located towards the rear of the left rocker cover. See item 8 aniflanual. ) N ) _ )
9 on Fig. A3.4. 7.5.1 Piston Ring Positioner-Use the piston ring posi-

7.4.4 Dipstick and Dipstick Tube(see Fig. A3.6)—The tioner to locate the piston rings 28.5 mm (1.125 in.) from the

dipstick has been modified for accurate oil level measurement§Ylinder block deck surface. This allows the compression rings

The dipstick and dipstick tube are calibrated as a pair. If eitheg’ be positioned in a consistent location in the cylinder bore
efore measurement. Fabricate the positioner according to the

details shown in Fig. A3.9.
7.5.2 Piston Ring Grinde+A ring grinder is required for

7.3 Reusable Engine ParsThe parts listed in the test
stand set up kit, engine dress kit, engine finish kit, and bolt ki

MAIN DUCT

HUMIDIFIED AR I 152478 o adjusting ring gaps. A suitable ring grinder is noted in 7.8.5.1.
7.5.3 PCV Valve Flow Rate Device
) A 7.5.3.1 Use this device to verify the flow rate of the PCV
valve before the test and measure the degree of clogging after

the test. Fabricate the device according to the details shown in
152.4[6] DI Fig. A3.10. The device shall have a full scale accuracy of 5 %
geTIoNAL SPILL ~_| and a resolution of 0.05 L/s (0.13finin) (see 7.6.7).
. 7.5.3.2 Calibrate the flow rate device once every six months
B ﬁ\ against a standard traceable to NIST.
- 7.5.4 Engine Service ToolsA complete list of special tools
\L_E for the test engine is shown in Annex A4. The tools are
of available from a Ford dealership. These are designed to aid in
performing several service items, in addition to the following
FLEXIBLE CONNECTION \_ specific service items that require special tools to perform the
functions indicated (if not self-explanatory).

7.5.5 Master Bore—Use a cylinder bore of 90.7& 0.03
mm as a master bore for determining top ring gap increase for
OFTIONAL SPILL OFF the rings in cylinders 1 and 8. Using a master bore allows for
127L5) o consistent measurement of top ring gap increase at end-of-test.
Maintain the master bore in a temperature controlled room.

Note 1—Dimensions are in millimetres and (inches). _—
FIG. 2 Typical Test Stand Intake Air Supply System 1 Available from Ford and Lincoln-Mercury I‘kealerlaocu ments

Document Sharing Hub

Full document details: ASTM D6593-02a


http://www.avadocuments.com/doc/astm-d6593-02a
http://www.avadocuments.com/doc/astm-d6593-02a

. . . .S,
NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

A D 6593 — 02a
“afl

7.5.6 Oil Screen Blowdown DevieeUse the device avail- baffle with No. O fine steel wool to achieve a dull finish. Rinse
able from the supplier listed in A9.3 to blow a controlled with aliphatic naphtha (7.7.1) and allow to air-dry before use.
amount of compressed air across the oil screen to remove any7.6.5 Oil Pan—Submerge the oil pan in agitated organic
oil that is retained on the oil screen after allowing it to drain.solvent (see 7.7.2) until clean (approximately 1 h). Rinse the

7.6 Miscellaneous Engine Components-Preparation part thoroughly with hot water (> 60°C). Rinse the oil pan with

7.6.1 Engine Build-Up and Measurement Area- aliphatic naphtha (7.7.1) and allow to air-dry. Inspect the
Environment-The ambient atmosphere of the engine buildupappearance of the nickel plating on the internal surface of the
and measurement areas shall be reasonably free of contarpian. If the before test rating is less than ten on the CRC varnish
nants. A relatively constant temperature (within3°C) is  rating scale (Manual 14), polish lightly with No. O fine steel
necessary to ensure acceptable repeatability in the measuigeol to achieve a dull finish. Rinse with aliphatic naphtha
ment of parts dimensions. Maintain the relative humidity at &7.7.1) and allow to air-dry before use. Replace the pan when
nominal maximum of 50 % to prevent moisture forming onthe finish becomes unserviceable (7.4.5). Ensure that baffle
cold engine parts that are brought into the buildup or measureattachments are in good condition.
ment areas. 7.6.6 Oil Pan Baffle—Submerge the oil pan baffle in agi-

7.6.2 Intake Manifold and Throttle Body tated organic solvent (see 7.7.2) until clean (approximately 1

7.6.2.1 The required intake manifold modifications entailh). Rinse the part thoroughly with hot water (> 60°C). Rinse
blocking off the EGR port (block off plate shown in Fig. A3.11) the oil pan baffle with aliphatic naphtha (7.7.1) and allow to
and the coolant bypass port. Block coolant bypass port imir-dry. Inspect the appearance of the nickel plating on baffle.
intake manifold by tapping the hole and installingsn. NPT |f the before test rating is less than ten on the CRC varnish
pipe plug. Replace the idle air bypass motor with the idle loadating scale (Manual 14), polish the oil pan baffle with No. 0
control system. A schematic of the system and the idle air blockine steel wool to achieve a dull finish. Rinse with aliphatic
off plate are shown in Fig. A3.12 and Fig. A3.13, respectively.naphtha (7.7.1) and allow to air-dry before use. Replate the oil

7.6.2.2 Clean the butterfly and bore of the throttle body withpan baffle when the finish becomes unserviceable (7.4.5).

aliphatic naphtha (7.7.1) and air-dry before each test. Do not 7 5.6.1 Have the oil pan and oil pan baffles replated by the
disassemble the throttle body as this will cause excessive weg[ippjier listed in A9.2

on the components. The idle air screw can be removed for the 7 g 7 pcv valve—Measure and record the flow rates of the
cleaning process. Fully close the idle air screw during tespcy valve with the calibrated flow device described in 7.5.3
operation. _ o and Fig. A3.10. Measure the flow rate at 25 and 60 kPa
7.6.2.3 There is no specific life for the throttle body. \acuum. Because of the hysteresis in the PCV valve spring,
However, the clearance between the bore and the butterfly will, 1e the vacuum adjustments in one direction only. Measure

eventually increase and render the body unserviceable. WheRe fiow rate twice and average the readings. Reject any PCV
the clearance becomes too great to allow control of speed, l0agg e that does not exhibit an average flow rate of 90 to 140
and air-fuel ratio during Stage I, discard the throttle body. | /min at 25 kPa and 30 to 50 L/min at 60 kPa.

7.6.3 Rocker Arm Cover

_ . 7.6.8 Water Pump Drive SystemUse only the pulleys
7'6'3'1 B_efor_e each test, inspect the coolant ]ackefc. I rovided in the Sequence VG test stand set-up kit (see Annex
deposit or film is present, then clean the RAC coolant jacke

: : . \ ) 5), crankshaft, water pump, grooved idler and tensioner, and
with a commercially available de-scaling cleaner, neutralizer

o .8 956 mm (3= in.) long five or six groove belt to ensure that
Z\nd ||nr(11|b|tor (8.4.4.1). An example of an acceptable cleaner i%he water pump rotates at the proper speed and direction.
etailed in 7.7.3.

7.6.3.2 Submerge the RAC in agitated organic solvent (see 7.6.9 Engine Coolant Temperature Sensevlodify engine

7.7.2) until clean (approximately 1 h). Rinse the parts thor-COOIant temperature sensor by attaching a relay and a{13K

oughly with hot water (> 60°C). Rinse the RAC with aliphatic re;iﬂor between the ECT sensor and the EEC as shown in Fig.
naphtha (7.7.1) and allow to air-dry. Inspect the appearance of _" "' . . .
the interior surface of the RAC. If the before test rating is Iesa .7'6'10 F“’f?t Covgr—Modn‘y front cover to f_acmtate mstal—
than ten on the CRC varnish rating scale (Manual“®4ylish anon of tensmngr, idler, and water pump drlve. belt. Since the
the interior surface lightly with No. O fine steel wool to achieve belt is routed dlgetrerl;tly Ttrom dﬂt]e ‘T’tOthhIOCi“O? Sgn:te bgltth
a dull finish. Rinse the cover with aliphatic naphtha (7.7.1) anoboss_es may need to be altered 1o clear the shorter belt and the
allow to air-dry before use. tensioner. Th_ese bolt bosses are used to attach the_ front end

7.6.4 Camshaft Baffle-Submerge the camshaft baffles in accessory drive components that are not used for this test.
agitated organic solvent (see 7.7.2) until clean (approximately /-6-11 Oil Separators—Clean with aliphatic naphtha (7.7.1)
1 h). Rinse the parts thoroughly with hot water (> 60°C). Rinse?d air-dry. _ o _
the camshaft baffles with aliphatic naphtha (7.7.1) and allow to 7-6.12 Timing Chain Cove+Submerge the timing chain
air-dry. Inspect the appearance of the top surface of th€0Ver in agitated organic solvent (see 7.7.2) until clean
camshaft baffle. If the before test rating is less than ten on thgapproximately 1 h). Rinse the part thoroughly with hot water
CRC varnish rating scale (Manual 14), polish the camshaff> 60°C). Rinse the timing chain cover with aliphatic naphtha

(7.7.1) and allow to air-dry.
7.7 Solvents and Cleaners RequiretNo substitutions for

12 Available from Coordinating Research Council, Inc., 219 Perimeter Ctr. Pkwy,7_-7'-1'7-7-_4 are aIIowedV\(arnmg—Use adeﬁjate Safety pro-
Atlanta, GA 30346. visions with all solvents and cleaners.) ocuments
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7.7.1 Aliphatic NaphthaStoddard solveh#'“ or equivalent  side clearance are attained (Table 1). Replace rings if smaller

is satisfactory. ring gaps are required. Measure the rings for cylinders 1 and 8
7.7.2 Organic SolventPenmul L4603+ in the master bore. These measurements are required to
7.7.3 Dearsol 134 Acidic Cleanéf16 with Inhibitor, RAC  determine the ring gap increase.

cooling jacket internal cleaner. (2) Using the master bore, measure the ring gaps for the top

7.7.4 Cooling System CleaneDupont or equivalent, for rings in cylinders 1 and 8 prior to the start of the test.
cleaning cooling system components external to the engine. 7.8.5.2 Piston Ring Cutting Procedure

7.8 Assembling the Test Engine-Preparatierdse the kit (1) With the block in a free state, position the ring in the
parts as received from the supplier. Complete any assemblyylinder bore with the ring positioning tool (see Fig. A3.9) and
instructions not detailed as follows in accordance with themeasure the ring gap.
instructions in the service manual. Measure pistons and bores(2) Cut the ring to the required gap using the ring cutting
to determine proper compression ring gaps. Procedures listéalir#18 rotated at a rated speed of 3450 r/min. Remove equal
below that pertain to the pistons and rings may need to bamounts from both sides of the gap. Make final cuts on the
performed if the engine is disassembled to change piston rindown stroke only. The ring is cut with a maximum increment

gaps (12.4.1). of 0.125 mm until the desired ring gap is achieved.
7.8.1 Parts Selectior-Instructions concerning the use of (3) After the rings are cut remove the ring from the cutting
new or used parts are detailed in 7.1.1, 7.2, and 7.3. tool, debur using a Sunnen soft stéhand wipe with a dry

7.8.2 Sealing CompoundsUse a silicon-based sealer as towel.
needed between the rear seal housing-cylinder block, the (4) Measure the gap with the ring in its respective bore
cylinder block-cylinder head-front cover interfaces, cylinderpositioned with the ring positioner.
head-front cover-rocker cover interfaces, and cylinder block- (5) Repeat Step<2] through @) until the desired ring gap is

front cover-oil pan interfaces. achieved, then wash the ring with aliphatic naphtha (7.7.1) and
7.8.2.1 Use silicon-based sealer sparingly since it can elwipe clean with a dry towel.
evate the indicated silicon content of the used oil. (6) Weigh the ring and record.

7.8.5.3 Installation

(1) Install the oil control rings and the compression rings on

the pistons with the gaps located over the piston pin. Position
; . the gaps at approximately 180° intervals, with the top com-

during engine assembly. gap PP y P

. ) , . . pression ring gap toward the rear. Install the rings using a ring
/.84 Plstons—Plstor)s are select fitted dur'mg engine as-g, aader tool, keeping the rings’ surfaces parallel to the ring
sembly. Ensure that pistons are numbered with the respecnvﬁ

: oove in the piston.
cylinder bores when re_moved from the block to assure prope (2) If any rings require replacement, then measure and
reassembly of the engine.

7.8.5 Piston Rings record the new ring gap(s) and ring side clearance(s). Calculate
o ) . ring side clearance by determining the difference between the
7.8.5.1 Ring Gap Adjustment g y g

L ._ring groove width and the associated ring width.
(1) Cut the top and second compression ring gaps as reqUIre(517.8.6 Cylinder Bore MeasurementsMeasure the cylinder 1

to obtain the specified blowby flow rate, using the Sanfordand 3 cvli ; ; :
: ) : X _ ylinder bores with the bearing caps in place. Clean the
Piston Ring Grindet*'’ Record the ring side clearance(s) and bores with a dry rag. The bores shall be clean and dry when

new ring gap(s) on any ring(s) adjusted. Enter the neWpo, are measured. Use a bore gage micrometer to determine

dimension(s) on the Supplemental Operational Data Sheetﬁw diameter of cylinder 1 and 8 at the top, middle and bottom

Typical forms for recording these dimensions are shown iy we second ring travel in the transverse direction.
Appendix X1. Ensure that the required ring gap delta and ring 7.9 Assembling the Test Engine-Installationassemble

the engine according to the instructions in the service manual
unless specified herein.
13 The sole source of supply of Stoddard Solvent known to the committee at this 7.9.1 Intake Manifold—Block the coolant bypass port in the

time is UNOCAL Chemicals Division, 7010 Mykawa St., Houston, TX 77033. . . .
141f you are aware of alternative suppliers, please provide this information toIntake manifold at the thermostat housmg (7'6'2‘1)'

ASTM International Headquarters. Your comments will receive careful consider- 7-9-2.Pi3t0n and Connecting Rod A_Ssemblmfsmns are
ation at a meeting of the responsible technical committeehich you may attend.  select fitted at the factory and shall be installed into the same

5 The sole source of supply of Penmul L460 known to the committee at this timsoores from which they were removed.
is Penetone Corp., P.O. Box 22006, Los Angeles, CA 90022. 7.9.3 Oil System Compone Il oil system components

16The sole source of supply of Dearsol 134 Acidic Cleaner known to the e _ Yy p_ Ats ‘_ y i p ]
committee at this time is Dearborn Div., subsidiary of W. R. Grace and Co., 30dN the engine are production configuration with the exception

Genesee St., Lake Zurich, IL 60047. of the oil pan which contains removable baffles.

17 The sole source of supply of the Sanford Piston Ring Grinder known to the P P P P AL
committee at this time is Sanford Mfg. Co., 300 Cox St., P.O. Box 318, Roselle, NJ 7.9.4 Cylinder Heae—Prior to the installation of the cylin

07203. der heads, clock the crankshaft keyway at 270° of crankshaft

Note 1—Non-silicon liquid or tape thread sealers can be used on bolts
and plugs.

7.8.3 Gaskets and Sealsinstall new gaskets and seals

TABLE 1 Required Piston and Piston Ring Dimensions -
Ring side clearance, avg 0.0508-0.1016 mm (0.0020-0.0040 in.) 8 The sole source of supply of th&sin. carbide ring cutting burr, No. 74010020

Ring gap delta 0.045-0.055 mm (0.0018-0.0022 in.) known to the committee at this time is M. A. Ford.
19 Sunnen soft stone, No. JHU-820. DOC um ents
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angle (45° BTDC for piston No. 1). Install the cylinder head on Grind Timing Cover Grooved Idier Pulley  Fan Belt 956 mm (37 & 3/8in.)
the cylinder block. Oil the head bolt threads lightly with '
EF-41142° oil, and torque the head bolts according to the
sequence described in the service manual. Do not use any
sealing or anti-seizure compounds on the cylinder head gasket.
7.9.5 Camshaft and Related ComponenfBhe camshafts
used in this test are for a Ford 4.6L truck engine application
and will be different than what is shown in the service manual.
The camshaft sprocket is an integral part of the camshaft.
Install the camshaft in the same manner as described in the
service manual with the exception of the sprocket installation.
7.9.5.1 Prior to the timing chain installation, clock the
crankshaft keyway at 315° of crankshaft angle (TDC of piston
No. 1) as described in the service mantfalRotate the
crankshaft clockwise only, when viewed from the front.
7.9.5.2 When viewed from the rear, maintain the camshaft Minimum drive belt contact angle of 20°
D-slot shall at a 90° clocked position relative to the cam cover FIG. 3 4.6L Water Pump Drive Arrangement
rail.
7.9.5.3 When installing the timing chains ensure that the
timing marks (mentioned above) remain aligned. Install L.H.+ 0.5° from vertical, with the front of the engine higher than
crankshaft sprocket with timing chain on the crankshaft. Drapéhe rear. The engine mounting system should be designed to
the L.H. timing chain over camshaft sprocket. The timing chainminimize engine vibration at 700 to 2900 r/min. Couple the
shall hang below the tensioner dowel. engine directly to the dynamometer through a driveshaft. The

7.9.5.4 Repeat the procedure in 7.9.5.3 for the right han@ngine cannot be used to drive any external engine accessory
timing chain. After installation, the timing chain shall hang other than the water pump.

between the chain guide and the tensioner dowel. 7.10.2 Exhaust System and Gas Sampling Fittings
Nore 2—There should be a minimum of chain slack on the tension side /+10-2.1 The required exhaust manifold, a typical exhaust
between the two sprockets. system, and fittings for exhaust gas sampling are illustrated in

Fig. A3.15Fig. A3.16. Exhaust components should be con-
rstructed of either solid or bellows pipe/tubing. Other type
lexible pipe is not acceptable.

7.10.2.2 The exhaust gas sample probes can be used until

7.9.6 Rocker Arm Cover and BaffleFasten the camshaft
baffle to the rocker cover. Cut off the tabs from the rocker cove
gasket and install it in the gasket groove on cover rail. Instalf

rocker arm cover on the cylinder head and confirm that th

baffle does not contact any valve train components. Using nej/hey become unserviceable. If the existing probes are not

rubber washers on the bolts, torque the bolts to 8 to 12 N-m (th%racked, brittle, or deformed, clean the outer surface and clear
’ fél port holes. Check the probes for possible internal obstruc-

rubber washers are not reusable). The two rocker covers a . . ; .
different, ensure that the correct cover is installed on the > and reinstall the probe_s in the exhaust pipe. Stalnle_ss steel
correct r’1ead (Figs. A3.4 and A3.5) probes are generally serviceable for several tests; mild steel
7.9.7 Oil Pan, Baffles, and Insulatier-Install front and rear probes tend.to be_come bn_ttle after one thla(nlng—
Exhaust gas is noxious.\arning—Any leaks in the connec-

oil pan baffles to the oil pan as shown in Fig. A3.7. Installfrontti ns 1o th mple probe will result in erron eadin
baffle first. Install the oil pan according to the procedure in the ons 1o the samp'e probe esu erroneous gs

: . : ' : and incorrect air-fuel ratio adjustment.)
service manual. Install the oil pan insulation over the oil pan. el o oo
7.9.8 Water Pump, Water Pump Drivelnstall the water 7.10.3 Oil Dipstick and Tube-Install modified oil dipstick

pump and pulley, the crankshaft pulley, and the idler anaand dipgtick tubg, described in 7.4.4, in_the engine block at the
tensioner according to the service manual. These are the onR;OdUCt'On location and attachment points.

components needed to drive the water pump. All other produc- Note 3—The intake manifold, the rocker arm covers, and the exhaust
tion front end accessory drive components can be discardethanifolds can be installed after the engine is installed on the test stand.
Pull back tensioner and install water pump drive belt as shown 7 10 4 Fuel management System

in Fig. 3. Ensure that there is a minimum contact angle of 20° 7.10.4.1 Fuel Rail Injectors

between the drive belt and the water pump pulley. (1) The fuel injectors can be used for multiple tests providing
7.10 Engine Installation on the Test Stardrunctions that  they meet the flow and other requirements delineated in Fig.
are to be performed in a specific manner or at a specific tim@a3 13. Fuel injectors that have caused misfires in previous tests
in the assembly process are noted. should be cleaned before reuse. Commercial injector cleaning
7.10.1 Mounting the Engine on the Test Stantflount the  fjyids and flow benches are available from various manufac-
engine on the test Stand SO that the ﬂyWheel friCtiOI’l face iS 4.g_”ers_Do not use injector C|eaning ﬂu|ds Wh"e Operating the
engine.
(2) Inspect the O-rings to ensure they are in good condition
2°The sole source of supply of Mobil EF-411 oil known to the committee at this and will not allow fuel leaks. Install the fuel injectors into the
time is Mobil Oil Corp., 3225 Gallows, Fairfax, VA 22037. fuel rail and into the intake manifald. ocuments
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7.10.4.2 Electronic Engine Control (EEC) SysteAThe

EEC module is available from the supplier listed in A9.2.
(1) The EEC power shall come from a battery (13:9.5V

7.10.6.2 Three-Way Valve-Install a clean three-way valve
fuel injector operation, cylinder firing, pulse width, ignition and attach the PCV valve hose. Install the remaining PCV
timing, and so forth, are controlled by the specified EEC. Thevalve hose between the three-way valve and the intake mani-
fold (see Fig. A3.17). Do not allow the hose to flatten at the

bend after installation.

to red wire) and not a power supply which may interrupt/ 7.10.7 Intake Air Components-Install the throttle body, air
interfere with proper EEC operation. Connect the EEC battergleaner assembly, and new air cleaner. Modify the air cleaner
to the engine wire harness with an appropriate gage wire of thassembly to accept fittings for inlet air temperature thermo-
shortest practical length so as to maintain 12 to 15V DC on theouple, pressure tap and fresh air, as shown in Fig. A3.1.
STAR tester and minimize EEC electrical noise problems. 7.10.8 External Hose Replacementnspect all external
Ground the EEC ground wire to the engine. From the samé&oses used on the test stand and replace any hoses that have
ground point, run a minimum two gage wire back to the batterypecome unserviceable. Check for internal wall separations that
negative to prevent interruption/interference of the EEC operacould cause flow restrictions. Check all connections to ensure

tion.
7.10.5 Spark Plugs—Install new Motorcraft AWSF-32PP

threads.

Note 4—The components used in the ignition system do not requir
modification.

7.10.6 Crankcase Ventilation SysteaThe crankcase ven-
tilation system is a closed system allowing blowby to be vente

from the crankcase and drawn into the intake manifold. A

description of the system operation is shown in Fig. 4. Instal
PCV system components and hoses as shown in Fig. A3.17

7.10.6.10il Separator and PCV ValveUse two clean oil
separators and a new PCV valve listed in the parts list Anne
A5. QOil separators can be reused as long as they rema
serviceable.

AR CLEANER

FRONT VIEW

Note—Legend (1) Blowby flows through 6 oil drain back passages in cylinder
block and head and through the front cover.

(2) Cam baffle shields cover from oil.

(3) Oil separator prevents loss of oil into PCV valve.

(4) PCV valve flows approximately 120 L/min (4.2 cfm).
Blowby rate is 60-70 L/min (2.12-2.47 cfm).

(5) Air vent provides balance of flow by PCV valve. When ex-
cessive plugging of the PCV valve occurs excess blowby
is vented to the engine air intake.

(6) Three-way ball valve routes blowby to the intake manifold
and provides a connection point for blowby measurement
apparatus.

(7) Dipstick tube is location for crankcase pressure measure-
ment.

FIG. 4 Functional Description of Closed Crankcase Ventilation
System

Full document details: ASTM D6593-02a
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7.10.9 Wiring Harness—There are two wiring harnesses
spark plugs that have been gapped to 1.37 mm (0.054 ingsed on the test stand, a dynamometer harness and an engine
Torque the spark plugs to 9-12 N-m. Install the spark plugharness. Obtain the dynamometer wiring harness from the
wiring harness. Do not use anti-seize compounds on spark plugupplier listed in A9.2. The engine harness is listed in Annex

A5.

8. Engine Fluids-Supply/Discharge Systems

8.1 Intake Air—Condition the intake air to 3¢ 0.5°C, 11.4

d 0.8 g/kg humidity, and pressurized to 0.850.02 kPa.
8.1.1 Capacity—The supply system shall be capable of

pelivering 110 L/s of conditioned air, while maintaining the
Intake/air parameters detailed in Table 2. The test stand intake

X

air duct system is shown in Fig. 2.
8.1.2 Dew Point—The dew point may be measured in the

iWain system duct or at the test stand. If the dew point is
measured in the main system duct, verify the dew point
periodically at the test stand. Maintain the duct surface
temperature above the dew point temperature at all points
downstream of the humidity measurement point to prevent
condensation and loss of humidity level.
8.2 Fuel and Fuel System
8.2.1 System Descriptier-A schematic diagram of a typi-
cal fuel supply system is shown in Fig. 1. Supply an excess
volume of fuel to the fuel rail at all times. Introduce make-up
fuel (fuel used by the engine) into the loop from an external
source. Mix the make-up fuel with fuel that is returned from
the fuel rail (fuel not used by the engine). Pump the fuel

TABLE 2 Sequence VG Operating Specification

Condition Stage | Stage Il Stage Il
Duration, min 120 75 45
Engine speed, r/min 1200 £ 5 2900 = 5 700 = 15
Engine power, kW record record 1.30 = 0.2
Manifold abs press, kPa (abs) 69 = 0.2 66 = 0.2 record
Engine oil in, °C 68 = 0.5 100 = 0.5 45 + 1
Engine coolant out,® C 57 + 0.5 85+ 0.5 45 + 1
Engine coolant flow, L/min 48 + 2 record record
Engine coolant pressure, kPa (gage) 70 = 10 70 £ 10 70 £ 10
RAC coolant in, °C 29 =+ 0.5 85+ 0.5 29+1
Rocker cover flow, L/min 15+ 1 15+ 1 15+ 1
Intake, air, °C 30 = 0.5 30 =05 30 + 0.5
Intake air press, kPa (gage) 0.05 + 0.02 0.05 £ 0.02 0.05 = 0.02
Lambda, typical values 1.0 1.0 0.75
Blowby flow rate, avg, L/min record 60-70 —
Intake air humidity, g/kg 114 + 0.8 114 +08 114 +0.8
Exhaust back pressure, kPa abs 104 + 2 107 = 2 record
Fuel flow, kg/min record recciq record

D ts
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through a mixing chamber, or small heat exchanger, which is TABLE 3 VG Fuel Analysis

used to mix the two St.reams ‘T’md provide fuel O_f consistent nore 1—Appearance, water, lead, and oxidation stability are analyzed
temperature to the engine. Deliver the fuel to a high-pressurgn an absolute basis.

pump (Ford P/N E7TF-9C407 or E7TTC-9C407), that boosts the

. . Parameter Specification Band
pressure and supphe.s th.e fuel to the fuel rail. AP! gravit” 57 610
8.2.2 Controls—Maintain the fuel temperature to the fuel rvp® 60.7-63.4 kPa
rail below 50°C. To ensure good atomization of the fuel,Total sulfur® 0.01-0.04 wt % max
. . . Existent gum® 5mg/100 mL, max
maintain the fuel pressure to the fuel rail above 185 kPa. I iiaione
addition, the fuel pressure should be constant at all steady-state 22.2-35.0°C
conditions to ensure good speed, power, and air-fuel ratid® % 48.9-57.2°C
trol 50 % 98.9-115.2°C
control. 90 % 162.8-176.7°C
8.2.3 Fuel Volume Required-Approximately 3300 L of FEP 196.1-212.8°C
: ; Appearance clear and bright
sequence VG unleaded gasoline are reqw.red for each test. | /7" 0.01 vol %, max
8.2.4 Fuel Batch Approval ProcessObtain fuel from the  Lead® 10 mg/L max
supplier listed in X2.1.5. Each new batch of fuel is approved byPxidation stability” 1440 minutes, min
the f0||owing process: A In accordance with Test Method D 1298 or D 287.

. . . B In accordance with Test Method D 323 or Automatic Reid Vapor Pressure.
8.2.4.1 Before initial blending, typical samples of the fuel <, accordance with Test Method D 4294, D 1266, or D 2622.

blend components are analyzed, and the data are compared in accordance with Test Method D 381.
i i i ifi i EIn accordance with Method D 86.
with pr(_adeterr_nlned physical specifications. A small amount of I e e Tout Mothod I> 6304,
fuel mlxtu_re IS then_ ble_nded- analyzed, anq Comparec_l tO & n accordance with Test Method D 3237 or D 50509.
predetermined specifications. The ASTM Testing Monitoring " In accordance with Test Method D 525.

Center (TMC) confirms the acceptability of the fuel mixture
analytical data and authorizes blending of the entire batch foyG |aboratory. Upon receipt of all fuel samples required in
engine testing. After the entire batch is blended, the TMGg 2 6 from the laboratories, the fuel supplier shall perform the

confirms the acceptability of the analytical data of the entirero|iowing analyses, report the results to the submitting labora-

fuel batch, and authorizes the engine test fuel approval prapry, and tabulate the results in a database.
gram.

. . . Reid vapor pressure (Test Method Washed gums (Test Method
8.2.4.2 A sample of the fuel is shipped to two designated D323) D 381)
independent laboratories. A designed program involving more ’SF’l'z%g‘”W (Test Method D 287 or gns‘ﬁjhw gums (Test Method

than one calibration test is completed using reference o0ilS pigiilation (Test Method D 86)
selected by the TMC. (The Sequence V Reference Oils andLead (Test Method D 3237 or D 5059)

Fuels Sub Panel, ASTM D.02.B0.01.05, is involved in the g2 g 1 \When results from the physical and chemical tests

design of the program.) The TMC reviews the test results anlsieq above appear to differ significantly from the expected
if acceptable, authorizes the fuel supplier to notify potentialegjts. analyze a second sample, or conduct the following

purchasers of the approval status of the fuel batch. tests. or do both:
~ 8.2.5 Fuel Batch Analysis-Upon receipt from the supplier, Hydrocarbon speciation (Test Method D 2789)
it is the responsibility of the laboratory to analyze each fuel Oxidation stability (Test Method D 525)

shipment to determine the value of the parameters shown in  Potential gums (Test Method D 873)

Table 3 (except sulfur, oxidation stability, and distillation). 8.2.6.2 The fuel supplier shall also issue a bimonthly

Compare the results to the values obtained by the supplier aanalysis of the fuel from the main storage tank, which should

that particular batch. The results should be within the specifirepresent normal aging. The analysis shall include the param-

cation band shown in Table 3 beside each parameter. Thisters in Table 3.

provides a method to determine if the fuel batch is contami- 8.2.6.3 Forward the results of the analyses performed in

nated or has aged prematurely. If any results fall outside thg.2.6 and 8.2.6.1 to the TMC for inclusion in the appropriate

tolerances shown in Table 3, the laboratory should contact thgata base.

TMC for help in resolving the problem. One potential method 8.2.7 Fuel Batch Shipment and Storag&hip the fuel in

for resolving the problem is to obtain an analysis at the fuekontainers with the minimum allowable venting as dictated by

supplier’s laboratory of thas receiveduel sample. all safety and environmental regulations, especially when
8.2.6 Laboratory Storage Tank Fuel Analysisinalyze the  shipment times are anticipated to be longer than one week.

contents of each fuel storage tank that contains fuel used f@tore the fuel following all applicable safety and environmen-

calibrated Sequence VG tests bimonthly. Analyze fuel in rurtal regulations.

tanks, those with a direct feed line to test engines, every month. 8.3 Engine Oil and Engine Oil System

Laboratories should take composite samples using Table 1 in 8.3.1 Test Oil Description

Practice D 4057, as a guideline. The fuel supplier shall have the 8.3.1.1 The test oil sample shall be uncontaminated and

capability to analyze the fuel samples using the test method®presentative of the lubricant formulation being evaluated.

specified in Table 3 and this section. The fuel supplier shall 8.3.1.2 A minimum of 7.5 L of new oil is required to

provide an adequate supply of fuel sample containers witltomplete the test. A 20 L sample of new oil is normally

packaging and pre-addressed return labels to each Sequemmevided to allow for inadvertent losses. Documents
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8.3.2 System Descriptian exchanger has adequate but not excessive capacity to control

8.3.2.1 Configure the oil system as shown in Fig. A3.8 tothe oil temperature. The system requires a high level of
minimize stand-to-stand variations that could influence tesimaintenance to provide adequate cooling, especially when
severity. Measure engine oil pressure at the points shown iprocess water temperature is high. An effective, well-
Fig. 5. The oil flow rate and external pressure drop aremaintained process water control system is necessary to
controlled by specifying the volume, plumbing configuration,achieve the specified oil temperatures. Use vertically mounted
and orientation of the heat exchanger. The oil flow out of thdTT heat exchanger P/N 5-160-02-008-002 (X2.1.9). Configure
vertically mounted heat exchanger shall be level with the oil-inthe system to allow the process water to flow through the
thermocouple. The lengths of the lines are not specifiedrertical tubes and the oil through the shell. This orientation will
although the line diameters are indicated in Fig. A3.8. The lindacilitate cleaning of the tubes.
length and diameter have a large influence on the volume of the 8.3.4 System Cleaning
external system. The internal volume of the entire external 8.3.4.1 Clean the external oil cooling system thoroughly
system shall be 54& 30 mL. before each test. An acceptable technique for cleaning the olil

8.3.2.2 Use oil filter adapter OHT6A-0007-1 (X2.1.11), oil heat exchanger is detailed in Annex A6. Flush and rinse the
filter OHT6A-012-2 (X2.1.11). Be sure all hoses and fittings onexternal lines before each test. The specific technique used
the oil heat exchanger are properly connected and sethes. (removed from or flushed on the stand, and so forth) is left to
external oil system components shall not be brass, copper dahe discretion of the laboratory.
galvanized, as these metals may influence used oil analysis. 8.3.4.2 Regardless of the flushing technique employed, use

8.3.3 Heat ExchangerThe heat exchanger has been cho-an organic solvent (see 7.7.3) for the final flushing followed by
sen to minimize the volume of the external system. The headeparate rinses with hot (> 60°C) water and aliphatic naphtha
(7.7.1) before air-drying the componentsWdrning—
Incomplete cleaning of the external oil system may allow
debris to dislodge and circulate throughout the engine during
subsequent tests. Incomplete cleaning may also cause oil
temperature control problems and contaminate subsequent test
oils.)

8.3.5 Control Specifications-The operating conditions are
specified in Table 2. Additional information concerning the oil
pressure, is found in 12.5.7. Cyclic ramping specifications are
detailed in Table 4.

8.4 Coolants

8.4.1 Description—The engine coolant is equal parts of
demineralized (less than 0.34 g/kg) or distilled water and a
fully formulated ethylene glycol based automotive antifreeze to
RCE EONNECTION FRONT OPENGINE protect against corrosion of all system components. The RAC
(REMOVE PLUG) d coolant is a solution of demineralized (less than 0.34 g/kg) or

TABLE 4 Test Ramping Requirements #

Stage Il to |
Engine speed 1195 r/min within 5 to 20 s
Manifold absolute pressure 68.8 kPa within 20 to 80 s
Oil inlet temperature 67.5°C within 8 = 2 min
CYLINDER HEAD ASSY o~ .
RIGHT HAND SHOWN Coolant outlet temperature 56.5°C WIFhIn 6 * 2 min
LEFT HAND TYPICAL Rocker arm cover inlet temperature 29°C within 17 min
Stage | to Il
Engine speed 2895 r/min within 30 to 90 s
Manifold absolute pressure 66 *+ .2 kPa within 60 to 150 s
Qil inlet temperature 99.5°C within 7 = 2 min
Coolant outlet temperature 84.5°C within 7 = 2 min
Rocker arm cover inlet temperature 84.5°C within 17 £ 2 min
Stage Il to Il
Engine speed 715 r/min within 5 to 20 s
Engine power <3kW at51t0 20 s
Oil inlet temperature 46°C within 15 £ 2 min
CYLINDER HEAD OIL PRESSURE Coolant outlet temperature 46°C within 9 + 2 min
GAUGE CONNECTION Rocker arm cover inlet temperature 30°C within 10 = 2 min

A Test Ramping Requirements Information—Switch ECT to the fixed resistor at
the onset of the Stage Il to Stage Ill ramp. At the onset of Stage Il to Stage | ramp,
FIG. 5 Oil Pressure Gage Connections switch from the fixed resistor to the ECT.
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distilled water and an additive treatment of 475 mL of Pencool 8.4.4.3 Control the RAC coolant flow rate and inlet tem-
2000++21 per 15 L of water. perature in accordance with the specifications listed in Table 2.
8.4.2 General System DescriptionThe following guide-  The coolant pressure is not specified, but design the system to
lines are common to both the engine and RAC coolant systemsninimize the pressure on the RAC and prevent distortion of the
8.4.2.1 A transparent section is required to permit visuajacket. Marning—Maintain the system pressure below 70 kPa
inspection of the coolant. Provide air bleeds to allow removal10 psig) to prevent distortion of the RAC jacket.)
of entrained air. Provide a drain at the low point of the system 8.5 Cyclic ramping specifications are detailed in Table 4.
to allow complete draining of the system.
8.4.2.2 An effective, well-maintained process water control”"
system is necessary to achieve the specified coolant tempera-9.1 Temperatures
tures. 9.1.1 Equipment
8.4.2.3 The system shall allow precise calibration of the 9.1.1.1 Temperature measurement locations for the six re-
flowmeters, after installation in the test stand. Avoid turbulenceéluired temperatures are specified. Use thermocouples that are
near the measurement meters, and the flowmeters used fealibratable to 0.5°C. Use only OEM temperature sensors for
calibration. EEC inputs.
8.4.3 Engine Coolant System Description 9.1.1.2 All thermocouples, except the intake-air thermo-
8.4.3.1 Configure the engine cooling system according teouple, shall be premium and sheathed. The intake-air thermo-
the schematic diagram shown in Fig. A3.18. The enginecouple may be an open-tip type. Thermocouples shall be either
coolant system volume shall be 24 2 L. This volume Ysin.diameter by 4 in. long or 3 mm diameter by 100 mm long.
includes all equipment, plumbing, and the engine excluding thd hermocouples, wires, and extension wires should be matched
coolant reservoir and plumbing connecting the coolant reseto perform in accordance with the special limits of error as
voir with the main system (see Fig. A3.18) The coolantdefined in ANSI MC96.1.
reservoir volume shall be 98 2 L. The thermostat housing is ~ 9.1.2 Engine Coolant Inlet-Install the sensor in the outlet
modified to accept the coolant outlet temperature thermocoupleerpendicular to the run of the tee fitting. Install sensor with the
(9.1.3). Do not install the thermostaBlock coolant bypass tip in the center of the stream of flow, directly opposite of the
port in intake manifold (7.6.2.1). Inspect the water pump driveperpendicular outlet. Locate the tee fitting 300 to 400 mm
belt for defects before installation. upstream from the water pump inlet (see Fig. A3.18).
8.4.3.2 Aradiator cap is used to limit system pressure to 105 9.1.3 Engine Coolant Outlet-Install the temperature sensor
kPa. Pressurize the coolant system tat7@0 kPa at the top of in the modified thermostat housing. Locate the tip of the
the coolant reservoir (Fig. A3.18). temperature sensor in the center of the stream of flow and is
8.4.3.3 The engine coolant flow rate and outlet temperaturtocated in the thermostat housimgck within 8 cm of the
are controlled in accordance with the specifications listed ifiousing outlet.
Table 2. Information concerning the cooling flow rate measure- 9.1.4 Engine Oil Inlet—Install the tip of the sensor at the
ment device is detailed in 9.3.2. Cyclic ramping specificationgenter of the flow stream through the external oil filter adapter
are detailed in Table 4. The coolant flow rate is measured witfisee Fig. A3.8). Tip of sensor shall be even with the machined
a venturi flowmeter (X2.1.6) and controlled with an in-line surface of the oil filter adapter.
flow control valve. 9.1.5 Engine Oil Outlet—Install the tip of the sensor at the
8.4.3.4 Modify the engine coolant temperature sensor tgenter of the cross fitting attached to the bottom of the heat
deliver the correct signal to the EEC during the start of Stag&Xxchanger (see Fig. A3.8). Locate the sensor along the same
l1l. Attach a relay and resistor as shown in Fig. A3.14 betweerfXis, but opposite, the outlet port connected to the heat
the ECT sensor and EEC module. exchanger. The tip shall be within 2 mm of the center distance
8.4.3.5 As a minimum, inspect and clean the engine coolarf?etween the external most surfaces of the outlets along the
system components, external to the engine, prior to runningXes.
each reference calibration test. A specific flushing technique is 9-1.6 Intake Air—Install the tip of the thermocouple mid-
not specified. However, the technique should employ a comstream in the air cleaner (see Fig. A3.1). Insertion depth shall
mercial descaling cleaner (7.7.3). be 55+ 2 mm.
8.4.4 RAC Coolant System Description 9.1.7 RAC Coolant Inlet-Install the tip of the thermo-
8.4.4.1 Inspect and clean the complete RAC control systeriouple at the center of the cross fitting before the inlets of the
prior to running each reference oil calibration test. A specificRAC’s (see Fig. 6, item 8). Locate the sensor along the same
flushing technique is not specified. However, the techniquéxis, but opposite the inlet port of the incoming fluid. The tip
should employ a commercial descaling cleaner (7.7.3). shall be within 2 mm of the center distance between the
8.4.4.2 Schematic diagrams of the RAC coolant controexternal most surfaces of the outlets along the axes.
systems are shown in Fig. 6. Derive heat for the control system 9.1.8 Calibration—Calibrate all thermocouples prior to a
from an external source, such as hot water, steam, or an electfigference oil test. The temperature measurement system shall
immersion heater. indicate within=0.5°C of the laboratory calibration standard.
The calibration standard shall be traceable to NIST.
9.2 Pressures
2 The sole source of supply of Pencool 2000 coolant known to the committee at 9.2.1 Equipment-Pressure measurement for each of the
this time is Penray Cos., Inc., 1801 Estes Ave., Elk Grove, IL 60007. eight required parameters is detailed.in th@ﬂﬁbﬂ‘neibhts
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Note—Legend 1) Vented reservoir cap
2) Coolant reservoir (fabricated)
3) Pressure control valve (optional)
4) Chilled process water control valve
(5) Stage | and Il heat exchanger
(6) F and P Co. flowrator tube, FF-1-35-G-10/448D053U06
@) Rocker arm covers
8) Inlet temperature sensor
9) Flow control valve
(10) External heat source
(11) Electric coolant pump DAYTON 6K581A
(12) ABB Kent-Taylor flow element, 1330LZ08000-8375A

FIG. 6 Typical Rocker Arm Cover Heating and Cooling System

This allows reasonable opportunity for adaptation of existingengineering practice. This is particularly important in applications where
test stand instrumentation. However, the accuracy and resollpw air pressures are transmitted by means of lines which pass through
tion of the pressure measurement sensors and the complé?t‘@"'yi”g trenches between the test stand and the instrument console.
pressure measurement system shall follow the guidelines 9.2.2 Intake Manifold Absolute-Measure the manifold ab-
detailed in ASTM Research Report RR:D02-123®Replace  solute pressure at the port on the top side of the throttle body
pressure sensors that are part of the EEC system with only Fospacer (see Figs. A3.2 and A3.27).
specified equipment. 9.2.3 Engine Oil—Measure oil pump pressure at the bottom
Note 5—Tubing between the pressure tap locations and the finanrt of the oil filter adapter housing on the engine block (see

pressure sensors should incorporate condensate traps, as indicated by g dg 5 and Figs. A3.24 and A3'2_5)' Take Cy””fjef head oil
pressure measurements on the sides of the cylinder heads on

the rear of the left cylinder head and front of the right cylinder

22 gypporting data have been filed at ASTM International Headquarters and mapeafj (see Fig. 5 and Figs. A3.23 and A3.26). Use individually
be obtained by requesting Research Report RR: D02-1218. dedicated pressure sensors.
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9.2.4 Engine Coolant PressureMeasure engine coolant  9.3.3.1 Calibration—Calibrate the flowmeters used in the
pressure at the top of the coolant reservoir as shown in Figneasurement of both the engine coolant flow rate and RAC
A3.18. coolant flow prior to a reference oil test. Calibrate the flow-

9.2.5 RAC Coolant—RAC coolant pressure can be mea- meters as installed in the system at the test stand with test fluid.
sured at the coolant inlet cross fitting as is done with temperaCalibrate the flowmeters with a turbine flowmeter or by a
ture although monitoring of RAC pressure is not required.volume/time method at Stage | operating conditions.

Pressure should remain adequate as long as temperature an®.3.4 Blowby.
flow are within the limits of Table 2. 9.3.4.1 Measure the blowby flow rate using the apparatus

9.2.6 Fuel—Measure the fuel pressure near the injector railshown in Fig. 7. The measurement system routes the blowby
inlet as shown in Fig. 1. When utilizing a pressure gagethrough an external, sharp-edged orifice and into the engine
mounted directly to the injector rail, the gage should be &ntake manifold by means of an auxiliargt(mmy PCV valve.
damped, liquid-filled type.Warning—Too much weight at- Maintain crankcase pressure at 8:®5 Pa during operation of
tached to the fuel rail may cause it to leak. Any instrumentatiorthe system to minimize the potential for crankcase leakage.
attached to the fuel rail should be supported by something othéflount the dummy PCV valve and orifice plate in a vertical
than the fuel rail.) position.

9.2.7 Intake Air—Measure the intake-air pressure in the air  9.3.4.2 Determine the blowby flow rate by measuring the
cleaner housing in the location shown in Fig. A3.1. Insertiondifferential pressure drop across the sharp-edged orifice; an
depth of the probe shall be 592 mm. If a manometer is used, inclined manometer or differential pressure sensor is required
install a liquid trap to prevent manometer fluid from enteringfor measurement of the differential pressure drop. The differ-
the intake-air cleaner. ential pressure drop sensor shall have a range from 0 to 1 kPa.

9.2.8 Crankcase-Measure the crankcase pressure at the 9.3.4.3 The sharp-edged orifice assembly is specifically
dipstick tube. The sensor shall be capable of measuringesigned for blowby flow rate measurement and shall be
positive and negative pressure. If a manometer is utilizedfabricated in strict compliance with the specifications that are
install a liquid trap to prevent manometer fluid from enteringavailable from the TMC. Additional information on the orifice
the crankcase. system can be obtained from the source listed in X2.1.8 The

9.2.9 Exhaust Back PressureMeasure the exhaust back assembly contains five orifices. The 0.375 in. orifice is gener-
pressure with the exhaust gas sampling probe located dowiadly satisfactory for the range of blowby flow rate encountered.
stream in theY (see Fig. A3.16). A sensor capable of absoluteThe complete orifice assembly can also be purchased from the
or gage measurement corrected with barometric pressumipplier listed in X2.1.11.
reading is recommended. Install a condensate trap between theg.3.4.4 Maintenance-As a minimum, clean the blowby
probe and sensor to accumulate water present in the exhausktasurement apparatus weekly. Replace the o-rings with each
gas. cleaning. Exercise particular care when cleaning the orifice

9.2.10 Calibration—Calibrate all pressure measurementmeter assembly. Clean the three-way valve by soaking the
sensors prior to a reference oil test. The MAP pressurealve in agitated organic solvent (see 7.7.3) until clean,
measurement system shall indicate within 0.1 kPa of thdollowed by hot (> 60°C) water rinse and spray rinse with
laboratory calibration standard. All other pressure measurealiphatic naphtha. Use compressed air to force air-dry. Inspect
ment systems shall conform to the guidelines in ASTMthe port passages and remove any carbonaceous deposits by
Research Report RR:D02-1238The calibration standard scraping. If the valve is disassembled for cleaning, make sure
shall be traceable to NIST. the core is properly seated upon reassembly.

9.3 Flow Rates 9.3.4.5 Calibration—Calibrate the blowby orifice meters

9.3.1 Equipment—Flow rate measurement for each of the used for laboratory measurements standards every six months.
four required parameters is detailed in the following subsecCalibrate laboratory blowby measurements standards, not used
tions. With the exception of the engine coolant and blowbyfor production, yearly. The calibration standard shall be trace-
flow rates, measurement equipment is not specified for a giveable to the NIST. Calibrate the temperature measuring devises
parameter. This allows reasonable opportunity for adaptatioin the blowby system every six monthdVérning—Internal
of existing test stand instrumentation. leakage within the three-way valve may cause some of the

9.3.2 Engine Coolant-Determine the engine coolant flow blowby gas to pass directly to the intake manifold from the test
rate by measuring the differential pressure drop across thBCV valve and result in erroneous blowby flow rate measure-
specified venturi flowmeter (see Fig. A3.18) Flowmeter isments (see Fig. 7).)
available from the supplier in X2.1.6. Take precautions to 9.4 Fuel Consumptior-Determine the fuel consumption
prevent air pockets from forming in the lines to the pressurgate by measuring the amount of make-up fuel flowing from the
sensor. Transparent lines or bleed lines, or both, are beneficiakternal fuel tank. The measurement point is upstream of the
in this application. Ensure that the manufacturers requiredeturn flow from the fuel rail (see Fig. 1).
straight sections of pipe are installed immediately up and down 9.4.1 Calibration—Calibrate mass flowmeter or gravimetric
stream of the flowmeter. systems prior to each reference oil test. Volumetric systems

9.3.3 RAC Coolant—-Measure the total volumetric coolant shall be temperature and specific gravity compensated and
flow rate through the RAC system and the individual RAC calibrated against a mass flow device. The flowmeter located
flowrates as shown in Fig. 6. on the test stand shall be within 1 % of the (i@ @ibhtedats
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FRONT VIEW @ @

Note—Legend 1) 2" full flow stainless steel ball valve
2) PCV valve
3) Oil separator part no. F1ZE-6A785-AA (2)

4) Surge chamber

5) Orifice meter

(6) Manometer

@) Crankcase pressure gage
8) Bleed valve

9) Dummy PCV valve
(10) Thermometer or temperature sensor
(11)  Excess blowby vent pipe. (during normal operation)

FIG. 7 Blowby Measurement Apparatus

9.5 Speed and Load 9.6.1.2 Calibrate the Lambda measurement device by intro-
9.5.1 Required Capabilities-The dynamometer speed and ducing the sensor to air prior to each test.
load control systems shall be capable of maintaining the limits 9.6.2 Calibration-General—Calibrate the exhaust gas
specified in Table 2 and meet the ramping requirementanalysis equipment before each set of measurements taken
specified in Table 4. These limits require control within during the test. The calibration technique should compensate
+0.9 % for operation during Stages | and Il. Because thdor the flow rate sensitivity of the exhaust gas analysis meters.
dynamometer and driveline frictional losses may approach the 9.7 Humidity:.
Stage Il load, manage the control input and system response 9.7.1 The intake air humidity is recorded using the labora-
during Stage Il carefully to maintain engine operation withintory’s primary humidity measurement system. Make correc-
the specified tolerances. These tolerances are necessarytimns to each reading, for non-standard barometric conditions,

maintain a stable air-fuel ratio during Stage Ill. Hydraulic using an additive correction derived from the perfect gas law.
dynamometers have a high residual load and are not suitable9.7.2 Primary Measurement System CalibratiefThe pri-
for operation during Stage Il mary laboratory measurement system is calibrated at each

9.5.2 Suitable SystemsUtilize a full closed-loop system stand on a semi-annual basis using a hygrometer with a
using a dry gap dynamometer. A typical closed-loop systenminimum dew point accuracy af0.55°C at 16°C £1°F at
maintains engine speed by varying dynamometer load an@0°F). The calibration consists of a series of 20 paired
maintains engine load by varying the engine throttle positionmeasurements between the primary laboratory system and the
The total driveline inertia through to the dynamometer, exclud-calibration hygrometer (see Table 5 for an example). The
ing the engine flywheel, shall be 08 0.1 kg-nt. measurement interval shall be appropriate for the time constant

9.5.3 Calibration—Calibrate the load measurement andof the humidity measuring instruments and the control system.
readout system with deadweights at least once per tesComparison periods of 20 min to 2 h, with measurements
Calibration of the zero scale readout is recommended once pegcorded at 1 to 6 min intervals, are typically acceptable. The
day during the oil level soak period. Calibrate the speedneasurements taken with the calibration hygrometer are cor-

measurement system prior to a reference oil test. rected to standard barometric pressure (101.1 kPa [29.92in.
9.6 Exhaust Gas Hg]) using the perfect gas law. The sample line shall be
9.6.1 Equipment non-hygroscopic. Exercise precaution to prevent condensation

9.6.1.1 Determine the air-fuel ratio using a device to meaof the sample.
sure Lambda. A suitable device is available from the supplier 9.7.3 The difference between each pair is computed and
listed in X2.1. used to form a mean and standard deviat fatsue
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TABLE 5 Humidity Calibration Example calibration period, providing not more than 14 non-reference
Note 1—Test Type-VG; Test Stand — 29; Date — 11/12/96; BarometricOil tests have been completed since the previous calibration
pressure — 29.1 in. Hg; Humidity correction — to .28 g/kg. test.
Note 2—Humidity readings are corrected for non-standard barometric 11.1.2 A 22.4-L (3.0-gal) sample of reference oil is provided
pressure. _ by the TMC for each stand calibration test.
Note 3—X = Mean difference, g/kg — 0.2. . .
S = Standard deviation, g/kg — 0.11. 11.2 Unacceptable Calibration Resuits
Note 4—If mean difference > 1.4 g/kg, calibration is invalid. 11.2.1 It is recognized that a certain percentage of calibra-
Note 5—If standard deviation > 0.71 g/kg, calibration is invalid. tion tests will fall outside the acceptance limits because of the
zi Yi Yi-Zi application of statistics in the development of the acceptance
System Calibration limits. Failure of a reference oil test to meet Shewhart or
Reading Humidity Humidity Difference EWMA precision control chart limits can be indicative of a
1 3 A o1 false alarm or a stand, laboratory, or industry problem. When
> 112 115 0.3 this occurs, the laboratory, in conjunction with the TMC shall
3 11.2 11.5 0.3 attempt to determine the problem source. The TMC may solicit
. 0l e o input from industry expertise (other testing laboratories, the
6 na 16 03 test sponsor, ASTM Technical Guidance Committee, Sequence
7 11.3 11.6 0.3 VG Surveillance Panel, Sequence VG Operation and Hardware
: o e o3 Subpanel, and so on) to help determine the cause and extent of
10 1.4 17 03 a problem. Industry problems shall be adjudicated by the
u 115 n7 0.2 Sequence VG Surveillance Panel.
15 ﬁf{ ﬁ;; 8:; 11.2.2 If the TMC determines the problem is a false alarm
14 11.4 11.6 0.2 and is stand-related, there is no impact on other non-reference
12 ﬁg ﬁ-g 8-(1) tests running in other stands within the laboratory. If the TMC
17 1.6 1.7 01 determines the problem is laboratory-related, non-reference
18 11.6 1.7 0.1 tests run during the problem period shall be considered invalid,
ot e o o unless there is specific evidence to the contrary for each

individual test.

11.2.3 The TMC will reschedule a calibration test once it is
satisfied that no particular problem exists or the problem has
of the mean difference cannot exceed 10 grains/Ib [1.4 g/kglPeen resolved. The laboratory shall provide adequate docu-
and the standard deviation cannot exceed 0.71 g/kg [5 grain§ientation to support conclusions reached during this process.
Ib]. Both of these requirements shall be met to consider thé\ttach this documentation to the acceptable calibration test
primary humidity measurement system to be calibrated. Ifeport. It shall provide sufficient information to show how the
either of these requirements cannot be met, the laboratory shairoblem related to other tests operated during the same period.
investigate the cause, make repairs, and recalibrate. The11.3 Test Stand ModificatiorsReport modification of test
calibration data is maintained for two years. stand control systems or completion of any nonstandard test on
9.7.4 Sample Location-The calibration sample tap is lo- a calibrated stand to the TMC immediately. A nonstandard test
cated on the air line to the engine, between the main duct andcludes any test completed under a modified procedure

entrance to the air filter housing. requiring hardware or controller modifications to the test stand.
The TMC will determine whether another calibration test is
10. Miscellaneous Laboratory Equipment necessary after the modifications have been completed.

10.1 STAR TesterA STAR (self test automatic readout) ~ 11.4 Reference Oil Accountability
tester will be necessary to diagnose the EEC system in case of11.4.1 Laboratories conducting calibration tests are required
a malfunction or operational abnormality. Instructions on theto provide a full accounting of the identification and quantities
use of the STAR tester can be found in the service manual. of all reference oils used.

10.2 Beaker—A 5000 mL beaker is suitable for the initial ~ 11.4.2 With the exception of new oil analysis required in

oil fill. A 500 mL beaker is suitable for oil additions. 13.6, perform no physical or chemical analysis of new refer-
ence oils without the permission of the TMC. Retain engine
11. Test Stand Calibration parts from reference oil tests for six months.
11.1 Verification 11.5 Test Numbering System

11.1.1 Verify the calibration of test stands with reference 11.5.1 Acceptable TestsThe test number shall follow the
oils supplied by the TMC. Stand calibration tests are normallyformat AAA-BB-CCC. AAAepresents the test stand number.
conducted upon expiration of the 180-day calibration timeBB represents the number of tests since last referédGe
period or 15 non-reference oil tests, or both. However, calibrarepresents the total number of tests on the stand. As an
tion time periods may be adjusted by the TMC. Any non-example, 6-10-175 represents the 175 test on Stand 6 and the
reference oil test started within 171 days of the completion datéenth test since the last reference. Consecutively number all
of the previous calibration test is considered within thetests on a given stand. ocuments
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11.5.2 Unacceptable or Aborted Testdf a calibration test procedure are shown in Table 6. The engine start-up and
is aborted or the results are outside the acceptance limits, tlehutdown procedures are detailed in 12.2.1 and 12.2.2 respec-
CCC portion of the test number for subsequent calibratiortively.
test(s) shall include a letter suffix. Begin the suffix with the 12.1.1.4 During Step 1, bleed the air from the engine and
letter A and continue alphabetically until a calibration test iSRAC coolant systems and check all fluid systems for leaks.
completed within the acceptance limits. For example, if three 12.1.1.5 During Step 2, check blowby level for the Stage II
consecutive unacceptable calibration test are completed on tl@nditions. A high or low blowby flow rate at this time could
same test stand, and the test stand number of the first testii® indicative of the blowby flow rate during the test. Aring gap
6-0-175, the next two test numbers would be 6-0-175A andydjustment can be performed at this time or after the break-in,
6-0-175B. If the results of the next calibration test areput before the start of cycle 1, to achieve an adequate blowby
acceptable, the test number 6-0-175C would permanentlfiow rate. Testing has shown that a blowby range of 65 to 75
identify the test and appear on future correspondence. The/min during the break-in typically produces acceptable
completion of any amount of operational time on tests otheplowby during the test. However, it is the laboratory’s discre-
than calibration tests will cause the test number to increase bon as to the need for a ring gap adjustment, noting that an
one. Add no letter suffix to the test number of tests other thamydjustment cannot be made at any other time during the test.

calibration tests. 12.1.1.6 During Step 3 (see Table 6) check Stage Il air/fuel

ratio, the operation of the idle load control system and EEC

12. Test Procedure system operation. Allow the oil and coolant temperatures to
12.1 Pre-test Procedure reach 45+ 0.5°C. Exhaust gas analysis shall indicate 8.5

12.1.1 Engine Break-In ProcedureRun break-in schedule 1.5 % CO and 3.0 % 9max for both banks. If the exhaust gas
listed in Table 6. Conduct the break-in before each test usingnalysis is not within the specified limits, check the idle load
the test oil. circuit and the EEC system operation with STAR tester.

12.1.1.1 Charge the engine with 3000 g of test oil before the 12.1.1.7 Record all normal parameters in Steps 2 and 3 after
break-in run. Run the engine at 158025 r/min and 37.6 kPa operation at each step for 35 minWgrning—Prolonged
MAP until the oil temperature reaches 802°C or for at least Operation at a rich air-fuel ratio can cause excessive fuel
2 min. Record the dipstick level 26 2 min after shutdown. dilution and alter test severity.)

This shall be the Te_St Full m"_ﬂk for this test. Use the table in Note 6—The engine normally requires approximately 20 min to reach
Annex A8 to determine the oil level. steady-state conditions after a step change.

12.1.1.2 The laboratory ambient atmosphere shall be rea- ) . .
sonably free of contaminants. The temperature and humidity, 12.1.1.8 Check and record oil Ieve_l after break-in. If piston
levels of the operating area are not specified. Divert air fron{iN9S aré regapped or replaced during or after the break-in,
fans or ventilation systems away from the test engine. ensure that the oil level is brought back to the Test Full mark

12.1.1.3 The break-in allows an opportunity to check EECPY @dding new oil or removing oil.
system operation, blowby levels, air/fuel ratio for Stage Il and 12.2 Engine Operating Procedure _

11, check for leaks in the various systems and purge air from 12.2.1 Engine Start-up-Use the following detailed proce-

the cooling systems. Specifications concerning the break-ifure each time the engine is started.
12.2.1.1 Turn on the ignition, safety circuits, fuel manage-

ment system, fuel pump, and the rocker arm cover coolant
TABLE 6 Sequence VG Break-in Schedule pump.

Note 1—Coolant Flow Control Valve-Run the coolant flow control 12.2.1.2 Connect the m.take-alr supply duct. i
valve wide open during the entire break-in schedule. During test opera- 12.2.1.3Crank The Engine-The engine should start within

tion, set flow per requirements delineated in Stage | of Table 2. 4 s. _SinCQ the engine has a crankshaft driVen_ oil pump,
cranking oil pressure may be low. If used, a low oil pressure

, Step e . ) : .
. ol ignition shutoff should be disabled during engine starting to
Condition Leveling 1 2 3 . . .
A — P, . " e allow the engine to start even though the oil pressure is low.
o, s 045 120 The inclusion of this type switch could lead to excessive
Engine speed, r/min 1500 = 25 700 = 15 2900 + 5 700 = 15 cranking time to start the engine.
Engine load, kW 1.30 = 0.2 record ~ 1.30 * 0.2 12.2.1.4 If starting difficulties are encountered, the labora-
Manifold abs press, kPaA 37.6 66 = 0.2 record . . .
Engine oil in, °C 80 + 2 100 + 02 45 + 1 tory should not continue to crank the engine excessively.
Engine coolant out,® C 90 * 2 85+02 45=1 Perform diagnostics to determine the reason the engine will not
RAC coolant in, °C 85+02 29*1 start (ignition problems, insufficient or excess fuel, and so
Exhaust gas analysis . . . .
0,, volume % 10 max 3.0 max forth). (Warning—Excessive cranking times can promote
CO, volume % 20max 85=*15 additional fuel dilution of the test oil and can adversely affect
Exigj*st"gfc”k‘%:fssure (Pan 14.0-16.0 - record the test.) \Warning—In addition to other precautions, do not
Speed, load and MAP ramps attempt to pour gasoline into the intake-air horn.)
Oil leveling — 20s ramp fr/idle 12.2.2 Engine Shutdown
Step 1 to 2 — 60s ramp
12.2.2.1 Scheduled Shutdown Procedut&ollow the pro-

Step 2 to 3 — 15s ramp

cedure detailed as follows, each time a Bﬁﬂlbmmmis
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performed. Scheduled shutdowns include shutdowns that occur 12.2.5 Resumption of Test Time After Unscheduled
during engine break-in and oil leveling: Shutdown-After an unscheduled shutdown, test time does not
(1) Bring the engine speed to 700 50 r/min for 10 min. begin until the engine has reached operating conditions for the
(2) Switch the ignition off. (Turn off power to the EEC and Stage at which the shutdown occurred.
ignition, maintain power to the keep alive memory (KAM).) ~ 12.3 Periodic Measurements and Functions
(3) Turn off fuel pump 12.3.1 Blowby Flow Rate MeasuremenEvery sixth cycle,
(4) Reduce the intake-air pressure to atmospheric. measure and recqrd the blowby flow rate at-8% .min into
12.2.2.2Unscheduled Engine Shutdowafrollow the pro- Stage Il. The engine Sh."’?” be stable and operating at normal
cedure detailed as follows, each time an unscheduled engi Setage I ODeTa"”g Cond'“f’”s- Measure blowby when the gas
shutdown is performed: emperature is at least 32°C. Blowby gas temperature shall not
. differ from the laboratory average by more tharb°C. The
(1) Stop test timer when ramp down starts. installation of the blowby flow rate measurement apparatus is

(2) Ramp to Stage 3: shown in Fig. 7. The procedure for measuring blowby flow rate
From Stage 4+-15 s speed and load setpoint ramp; 6 minis detailed in 12.3.1.1. Complete only one set (Stage Il) of
setpoint ramp of other controlled parameters. blowby flow rate measurement during each six cycles. Under
From Stage 2-Perform Stage 2 to 3 ramp (Table 4). special circumstances additional blowby flow rate measure-

o ) S ments can be performed to determine or verify a problem with
to’\éct);zgzzg:ladlit(i:gr?lsdown time is 6 min after the initiation of the ramp he flow rate measurement apparatus or the engine. Record
' additional blowby flow rate measurements and an explanation
(3) Switch the ignition and RAC coolant pump off (turn off of the reason for the additional measurements. Include these
power to the EEC and ignition, maintain power to the KAM). data in the supplemental operational data in the final test report.
(4) Turn off fuel pump. 12.3.1.1 Measurement Procedure
(5) Reduce the intake-air pressure to atmospheric. (1) Connect the apparatus pressure sensor to the dipstick
12.2.2.3Start-Up After Unscheduled Shutdowafollow  tube.
the procedure detailed as follows, each time an engine start-up (2) Open the bleeder valve completely.

is performed after an unscheduled shutdown. (3) Connect the bleeder line to the three-way valve.

(1) Start—=5 min in Stage 3, then to: (4) Position the three-way valve to divert intake manifold
Return to Stage-+Stage 3 to 1 ramp (Table 4). vacuum from the engine PCV valve to tdemmyPCV valve
Return to Stage-2-60 s speed and load setpoint ramp; 10in the blowby measurement apparatus.

min setpoint ramp of other controlled parameters. (5) Connect the hose from the blowby meter surge chamber

to the 15.9-mm%s-in.) inside-diameter air vent hose on the air
Note 8—Test time resumes after all controlled parameters are withirwueaner
.f. t- ' . . .
spectication (6) Adjust the bleeder valve to maintain crankcase pressure
12.2.2.4 Start-Up After Oil Leveling Periog-Follow the  at 0 + 25 Pa.

performed after an oil leveling period. and the barometric pressure.
(1) Start=5 min in Stage 3; then Stage 3 to 1 ramp (Table (8) Disconnect the apparatus pressure sensor and reconnect
4). _ o the engine crankcase pressure sensor to the dipstick tube.
12.2.3 Cyclic Schedule, General Description (9) Disconnect the surge chamber hose from the air vent

12.2.3.1 The test is composed of three stages as shown fose.

Table 2. Together, the three stages comprise one cycle. Each(10) Position the three-way valve to divert intake manifold
cycle lass 4 h and is repeated 54 times for a total of 216 h. Sixyacuum to the engine PCV valve and disconnect the bleeder
consecutive cycles are completed each 24-h period. Every sixithe from the three-way valve.

cycle is modified to provide time for oil sampling and leveling. (11) Connect the air vent hose to the intake-air cleaner.

This modification is described in 12.3.1. (12) Calculate the blowby flow rate and correct the value to

12.2.3.2 Ramping requirements specifying parameteggec and 100 kPa using the calibration data for the orifice.
change rates are shown in Table 4. The rate of speed, corrected blowby flowrate = blowby flowrate

temperature, and load changes, as well as the amount of X (3.100Q/273.154))°5
enrichment between stages, can influence sludge severity and
engine component wear. Therefore, ramping rates are verwhere:
important. P = baro-pressure, kPa, and
12.2.4 Unscheduled DowntimeThe 30-min oil leveling 1 = 9as temperature,® C.
periods are the only scheduled shutdowns allowed during the 12.3.2 Ignition Timing Measurementignition timing is set
test and are counted as test time. However, the test can ¥ the EEC and can only be checked with a STAR tester.
interrupted to perform necessary maintenance (see 12.3.9gnition timing need only be checked if improper EEC and
Note all unscheduled downtime on the Supplemental Operdgnition operation is suspected.
tional Data Form of the final test report. 12.3.3 Exhaust Gas Analysis Documents
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12.3.3.1 The recorded readings for exhaust gas Lambda acause of the effect on test validity or because they require
taken during each stage and each cycle and shall be measurgakcial care while being completed.
immediately after the engine oil and coolant temperatures have 12.4.1 Blowby Flow Rate AdjustmentA blowby adjust-
reached steady-state conditions (approximately*2® min  ment may only be made during the break-in or within the first
into each stage). The data are used to confirm that the EE48 h of the test. Blowby may drop from the break-in level but
system is operating the engine at the correct air/fuel ratio. the corrected average Stage Il blowby for the test during the
12.3.4 Oil Additions and Used Oil Sampling first 120 h of the test shall fall within the range from 60 to 70
12.3.4.10il Leveling and Sampling ProcedureMake up ~ L/min. Adjust the blowby by changing the ring gaps or
oil additions for leveling and oil sampling occur at 24-h replacing piston rings as necessary. Ensure that the ring and
intervals. Annex A10 shows the cycle when this is to occurpiston combination in each cylinder meet the criteria in Table
Used oil additions are permitted only during engine reassembl}- Use the ring cutting procedure outlined in 7.8.5.2.
for maintenance (see 12.4.2.2). Add new oil to the engine only 12.4.1.1High Blowby Flow Rate AdjustmertReduce high
when the level is more than 400 g below the original test fullblowby flow rate by replacing the compression rings with new
level. Add only enough new oil to reach the 400-g low mark.rings that have smaller ring gaps.
No other new oil additions are permitted during the test, except 12.4.1.2 Low Blowby Flow Rate Adjustmerincrease low
after piston ring gap adjustment (see 12.1.1.8). In the event thalowby flow rate by increasing the ring gaps of the compres-
the oil level is above the test full mark, do not remove oil until sion rings.
the level is greater than 200 g above the test full mark. Drain 12.4.2 Engine Disassembly and Reassembly for Mainte-
off a sufficient amount of oil so that the level is at the 200 gnance (Before End of Test)
above test full mark. Record the amount drained on the oil 12.4.2.1 Engine assembly and disassembly shall adhere to
leveling sheet. The procedure is shown on @ieSampling, the procedures in 7.8 and 12.6.2, respectively

Addition and Leveling Workshe@t Annex A10. This form 12.4.2.2 When the engine is disassembled for maintenance,
serves as the oil sampling and oil addition data sheet. drain as much test oil as possible from the oil pan, and retain
(1) Remove a 150-mL purge sample within first 10 min of the oil for installation in the engine after reassembly. Take
Stage llI. precautions to ensure the oil is not contaminated and to ensure
(2) Remove a 60-mL analysis sample within first 10 min of the deposits are not disturbed on any parts that are used to
Stage IIl. determine the final test results. The Ford 4.6L engine contains
(3) Return the purge sample to the engine. numerous areas that hold oil after the engine is drained. All

parts should be placed in or over clean drain pans to collect oil
that drains off while maintenance is being performed.
S . . 12.4.2.3 During reassembly, used, drained test oil may be
(5.) Rgcord the dipstick level in mm 2@ 2 min after the used to lubricate the engine parts. Do not use EF-411 oil or new
engine is shutdown. : . ) .
he oil level i he diff test oil during engine reassembly. After the engine has been
(6) Compute the oil level in grams. The difference between.o,ssempled, charge the oil pan with the oil removed from the
the oil level and the Test Full mark is oil consumed or galnedon pan and collected from the engine parts during disassembly

U_se the chart if‘ Annex A8 to determine the level. Do not add, 4 maintenance. Record all new oil additions and report them
oil at 216 h. This allows the final drain to be used as a backug, e Supplemental Operational Data.

to the 216 h sample. 12.5 Diagnostic Data Review-This section outlines sig-

(7) If the level is more thar_1 400 g below.the Test Full mark, nificant characteristics of specific engine operating parameters.
record the amount of new oil added to bring the Ieve_l to the—_-|—he parameters can directly influence the test or may be used
400 g mark. However, never add more than 400 g during an olly indicate normalcy of other parameters.
addition. 12.5.1 Manifold Absolute PressureManifold absolute

(8) If the level is more than 200 g above the Test Full mark,pressure is used in Stages | and Il to control engine throttle
record the amount of oil drained to bring the level to the +200yosition.

g mark. 12.5.2 Engine Loaé—Engine load is not controlled in

(9) Restart the engine 3@ 1 min after shutdown (Stef).  Stages | and II. It should remain relatively constant throughout
Allow the engine to run at Stage Ill conditions for$51 min, a3 test and from test to test. Large differences in load reading
then resume normal operation. could be indicative of control or engine problems.

12.3.5 General Maintenance-The 30-min scheduled shut-  12.5.3 Fuel Consumption RateThe fuel consumption rate
down periods during oil leveling allow limited opportunity for should remain relatively constant throughout the test. Fuel
engine and stand maintenance. In addition, the test can be shednsumption rate is not a specifically controlled parameter but
down at any convenient time to perform unscheduled mainteis used as a diagnostics tool.
nance. However, the duration of a shutdown should be mini- 1254 Spark Knock-Spark knock does not normally occur
mized. Report any unscheduled shutdown on the Supplementgl the VG test. The octane rating of the fuel, ignition timing,
Operational Data Sheet. engine speed and load, and operating temperatures do not

12.4 Special Maintenance Procedureg-unctions that re- promote spark knock. Spark knock indicates abnormal com-
quire special maintenance procedures are listed in this sectiobustion is occurring and can cause extensive engine damage.
These maintenance procedures are specifically detailed b&ake corrective action immediatelv. if s ouHneits

(4) Shut-down the engine 10 min after the start of Stage IlI.
Do not shut off the RAC coolant pump.
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Errors in the measurement and control of engine load, ignition 12.6.3.2 Rocker Arm Covers-Position the RAC’s verti-
timing, operating temperatures, and air/fuel ratio may result ircally (upper jacket surface perpendicular to the ground) with
spark knock. the front of the RAC at the bottom.

12.5.5 Exhaust Gas Component Levels 12.6.3.3Camshaft Baffles-Position the camshaft baffles

12.5.5.1 Use the Lambda levels in the exhaust gas tyertically (top baffle surface perpendicular to the ground) with
determine the characteristics of combustion that occur durin§1€ rear of the camshaft baffle pointing down. _
the test. Use this parameter to determine the normalcy of 12.6.3.4 Cylinder Hea.ds.—Posmon the cylinder heads with
combustion and any significant changes in combustion thdfRAC gasket surface pointing down. .
occur throughout a particular test. Lambda in all three stages is 12.6.3.5Front Cover—Position the front cover in the same
controlled by the program in the EPROM chip. No adjustmentgrientation as it is installed in the engine. .
can be made to change the exhaust gas Lambda. If Lambdal2.6.3.6 Oil Pan—Position the oil pan upside down, with
differs from what appears in Table 2, check the EEC systenthe pan rail at a 45° angle, with sump end pointing down.
Correcting a fault in the EEC system is the only way to achieve 12.6.3.7 Oil Pan Baffles—Position the oil pan baffles verti-
the correct Lambda value. cally on the front edges. . N .

12.5.6 Crankcase PressureCrankcase pressure is a func-  12:6.3.80il Screen and Pickup TubePosition the oil

tion of blowby flow rate and PCV valve flow. High crankcase SCréen and pickup tube in the same orientation as they are
pressure is usually caused by high blowby flow rate or 4nstalled in the engine. The screen should be raised off of the

significant loss of PCV valve flow. Incorrect three-way valve SUPPOrting surface to allow drainage. A fixture is necessary to
plumbing or port plugging also promotes high crankcaseUPPOrt the oil screen and pickup tube.
pressure. Low or negative crankcase pressure may be caused )
by low blowby flow rate or a restriction of vent air to the PCV 13. Interpretation of Results
valve. 13.1 Parts Rating Area-Environment
12.5.7 Oil Pressure—The oil pressure is a function of oil ~ 13.1.1 Ensure that the ambient atmosphere of the parts
viscosity and operating temperature. The oil pressure shouleting area is reasonably free of contaminants, and the tem-
remain consistent throughout the test, unless the oil exhibits perature maintained at 24 3°C (75 = 5°F).
significant change in viscosity. 13.1.2 Rate all engine parts except the pistons, RAC, and
12.5.8 Oil Temperature Differentia-The oil temperature cyIindey block under cool white fluorescent lighting exhibiting
differential is primarily a function of oil flow rate and oil @pproximately 4100 K color temperature, a CRI of 62 and an
viscosity and is normally stable throughout the test. Thdllumination level of 350 to 500 fc (3800 to 5400 Ix). All
differential can change if the oil viscosity changes significantlyPackground and adjacent surfaces shall be flat white.
during the test. 13.1.3 Rate pistons and RAC'’s against a white background

12.5.9 Coolant Temperature DifferentiatThe coolant tem- using white fluorescent bulbs and a 100 % white deflector.
perature differential is primarily a function of the coolant flow Mamtan: the illumination Iﬁvg:lbet_\/vee_n 3|50 a}nd 600 f (38.00
rate and is normally stable throughout the test. Large variation® 8500 X), and measure the illumination level 355 mm (14 in.)
in the differential can be caused by coolant flow rate or'om the desk top.

temperature measurement errors. Coolant flow rate measure-13-1-4 If multiple ratings are deemed necessary of a given
ment errors can be caused by foreign objects in or near thR&'t Or parts, consensus rating may be used according to the
venturi flowmeter. following: The raters shall be from the same laboratory or from

an outside rater if required (no Category 1 rater available at the
12.6 En(_j of Test. Proced.ure ) lab). Report only one rating value, and this value shall be
12.6.1 Final Drain—Drain the engine coolant and RAC 4qreed to by the original rater involved. Document any
coolant immediately after the completion of the last test cycleqnsensus rating in the comment section of the test report.
Engine oil can be drained with the engine in or out of the 13 1 5 A rater shall attend at least one ASTM or CRC Rating
engine stand. Allow the engine to stand for 6 to 12 h in the\Norkshop having VG specific or comparable hardware.
same attitude in which it was positioned on the test stand prior 13.2 Sludge Ratings
to drain. Thi.s allows the oil.to drain completely into the oil pan. 13.2.1 Rate the following parts for sludge deposits: RAC
Drain the oil from t.he engine. ] ] (2), valve deck (2), camshaft baffle (2), timing chain cover, oil
12.6.2 Engine DisassembiyDuring disassembly, use ex- pan, and oil pan baffle. Use the rating locations identified on
treme care not to disturb engine deposits and to ensure thge rating worksheets (see Annex A11). Determine the ratings
original location of the parts can be identified with respect toysjng the techniques detailed in CRC Manual No.20.
either the cylinder number, valve location, or both. Perform the sludge ratings before performing any other re-
12.6.3 Parts Layout for Rating quired ratings or measurements.
12.6.3.1 Arrange the following parts in the parts rating area 13.2.2 Average Sludge (Unweighted Average of 9 Parts)
in accordance with the layouts detailed in this section. After the 13.2.2.1 Use the self-weighting procedure detailed as fol-
parts have been arranged, allow the parts to drain for 4 to 8 lows, to determine the sludge rating merit for each part.
before rating. Do not attempt to accelerate or force the oil (1) Determine the sludge depth at each of the sites shown on
draining. Any fixtures can be used to support the parts as longating worksheets. A site is defined as a 20-mm (0.79-in.)
as they orient the parts in the specified configurations. diameter circular area. ocuments
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(2) Determine an interpolated sludge value for a designatediping. Wipe all parts firmly with wiping materials specified in
site which exhibits more than one level of sludge depth withinCRC Manual No. 20. Firmly rub all wiping areas in the same
this area. This value is generated by multiplying each ratedirection until the surface is dry and free of sludge (until no
value’s volume factor by the percentage of area coverednore deposit is present on the wiping material after wiping).
totaling these volume factor percentages, and comparing the 13.3.2 Average Varnish (Unweighted Average of three
total to the values given in Table 7 to determine the rating folParts}—Use the procedure detailed as follows, to determine
the site. As an example, if a site was determined to be 50 % Ahe varnish rating of each part:
and 50 % E, the calculation would be: 50 % of the average 13.3.2.1 Rate any areas where varnish deposits have been
sludge depth factor for A (or 1.0), plus 50 % of the averagealtered during disassembly or sludge removal according to
sludge depth factor for E (or 16.0); that is: ([51.0 =0.5] deposits on the surrounding non-altered areas. Do not rate
+[0.5 X 16.0 = 8] = 8.5), and the calculated site sludge depttaltered areas adean.
would be a D. In the event that there are areas where it is 13.3.2.2 Determine varnish ratings of all parts by compari-
apparent that deposits had been formed, but are no longeon of the deposit on the rating location using the CRC
adhering to the part, the rating site is the closest point to th®ust/Varnish/Lacquer Rating Scale for non-rubbing parts from
designated point which will eliminate the voided area from theCRC Manual 20.

20-mm (0.79 in.) rating area. 13.4 Clogging

(3) Add the total rating checks made for each line on the 13.4.1 Oil Screen Clogging
appropriate worksheets. These shall equal 10 or 20, depending13.4.1.1 Use the following procedure to determine the
on the part that is rated. percentage of the oil screen clogged by sludge:

(4) Multiply the total rating checks made on each line by ten (1) Use a device to blow air across the screen to remove any
or five, respectively (refer ta3], to obtain the percent covered retained oil on the screen. A suitable device can be obtained
by the rated sludge depth. The grand total shall equal 100 %rom the supplier listed in X2.1.21.

(5) Convert the percent covered by the rated sludge depth at (2) Regulate the air pressure to 13010 kPa (18.85- 1.45
each location to a volume factor using the procedure shown ipsig).

CRC Manual No. 20. (3) Connect the device to the screen.

(6) Add the volume factors on each line to determine the (4) Allow air to flow for 5 to 10 s.
total volume factor. Use CRC Manual No. 12 to convert the (5) Remove the device and rate.
total volume factor to the sludge merit rating. 13.4.1.2 Flexible, transparent rating aids can be made for

13.2.2.2 Flaky, Bubbly Sludge DepositsSince the occur- different surface areas so that when compared to the test
rence of flaky, bubbly sludge deposits is thought to have &creen’s surface, a more accurate determination of surface
possible detrimental effect on long-term engine lubricationclogging is possible.
system performance, document the occurrence of this type of 13.4.1.3 Determine the percentage of the total screen open-
deposit in the Supplemental Operational Data section of théng that is obstructed with sludge and debris. Transform the oil
Final Test Report. Record the engine part(s) where this type afcreen results by taking the natural log (In) of the oil screen
deposit was observed and the total percent of the surface areating plus 1; that is, In (oil screen clogging+1). Round this
covered. The following is suggested wording—approximatelyalue to four decimal places. Report both transformed and
6 % of the (left or right) rocker arm cover was found to exhibit original result on the appropriate form(s). Where laboratory
flaky, bubbly sludge deposits. bias is determined to be significant, adjust the results for

13.3 Varnish Ratings severity in accordance with the Lubricant Test Monitoring

13.3.1 Preparation of Parts—Rate the following parts for Systen?® Round this adjusted result to 4 decimal places and
varnish deposits—piston skirts (8, thrust side only) and left an@¢onvert to original units by subtracting 1 from the antilog) (e
right rocker arm covers (RAC). Perform the varnish ratingsof the adjusted result in transformed units. Record this value as
after the sludge ratings are completed. The rating locations arttie final result in original units on the appropriate form(s).
dimensions shall conform with the locations and dimensions 13.5 Sticking
detailed on the rating worksheets (see Annex All). Avoid 13.5.1 Compression RingsRecord the number of stuck
disturbing adjacent sludge deposits when the parts are beirgpmpression rings. Definitions to classify the degree and type
prepared for varnish ratings. Heavy sludge can be removedf sticking are detailed in Section 3. List both hot and cold
from a varnish rating area with a 25 mm rubber spatula prior tastuck compression rings on the Test Results Summary page.

Denote hot or cold stuck rings on the Supplemental Opera-
tional Data page and include the ring location (top or second)

TABLE 7 Interpolated Average Sludge Site Ratings and the piston number.

Total Site Ratings Total Site Ratings 13.6 Used Oil Analyses
<0.125 clean =3.500 <6.000 @ 13.6.1 Perform the following analyses on the used oil
20375 < 0,625 VA 21200 <2400 2 samples taken every 24 h and on the final drain: Viscosity at
=0.625 < 0.875 YA =24.00 < 48.00 F 40°C (Test Method D 445), wear metals (Test Method D 5185),
=0.875 < 1.250 A =48.00 < 96.00 G
=1.250 < 1.750 AB =96.00 < 192.0 H
=1.750 < 2.500 B =192.0 < 384.0 | -
=2.500 < 3.500 BC =384.0 J 23 Available from ASTM Test Monitoring Center, 6555Penn Avenue, PittSbu.fhs'

PA 15206. ocumen
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