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Evaluation of Automotive Engine Oils for Inhibition of
Deposit Formation in a Spark-Ignition Internal Combustion
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This standard is issued under the fixed designation D 6593; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

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

+2

1.2 The values stated in SI units are to be regarded as the standard. The values in parentheses are for information only.

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use. Specific hazard statements are given in 7.7, 7.10.2.2, 8.3.4.2, 8.4.4.3,9.2.6,9.3.4.5, 12.1.1.7, 12.2.1.4, and
Annex Al.

1.4 A Table of Contents follows:
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! This test method is under the jurisdiction of ASTM Committee D02 on Petroleum Products and Lubricants and is the direct responsibility of Subcommittee D02.B0.01
on Passenger Car Engine Oils.

Current edition approved Nev=—5-26070ct. 15, 2008. Published Beeember2007%November 2008. Originally approved in 2000. Last previous edition approved in 2007
as D 6593-07a.

2 Until the next revision of this test method, the ASTM Test Monitoring Center will update changes in the test method by means of information letters. Information letters
may be obtained from the ASTM Test Monitoring Center, 6555 Penn Ave., Pittsburgh, PA 15206-4489. Attention: Administrator. This edition incorporates revisions in all
information Letters through No. 66=2-08-2.

3 Supporting data have been filed at ASTM International Headquarters and may be obtained by requesting Research Report RR: D02-1472.
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2. Referenced Documents

2.1 ASTM Standards:*

D 86 Test Method for Distillation of Petroleum Products at Atmospheric Pressure

D 235 Specification for Mineral Spirits (Petroleum Spirits) (Hydrocarbon Dry Cleaning Solvent)

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

D 323 Test Method for Vapor Pressure of Petroleum Products (Reid Method)

D 381 Test Method for Gum Content in Fuels by Jet Evaporation

D 445 Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (and Calculation of Dynamic Viscosity)

D 525 Test Method for Oxidation Stability of Gasoline (Induction Period Method)

D 873 Test Method for Oxidation Stability of Aviation Fuels (Potential Residue Method)

D 1266 Test Method for Sulfur in Petroleum Products (Lamp Method)

D 1298 Test Method for Density, Relative Density (Specific Gravity), or API Gravity of Crude Petroleum and Liquid Petroleum
Products by Hydrometer Method

D 2622 Test Method for Sulfur in Petroleum Products by Wavelength Dispersive X-ray Fluorescence Spectrometry

D 2789 Test Method for Hydrocarbon Types in Low Olefinic Gasoline by Mass Spectrometry

D 3237 Test Method for Lead in Gasoline by Atomic Absorption Spectroscopy

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

D 4057 Practice for Manual Sampling of Petroleum and Petroleum Products

D 4175 Terminology Relating to Petroleum, Petroleum Products, and Lubricants

4 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.
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D 4294 Test Method for Sulfur in Petroleum and Petroleum Products by Energy Dispersive X-ray Fluorescence Spectrometry

D 4485 Specification for Performance of Engine Oils

D 4863 Test Method for Determination of Lubricity of Two-Stroke-Cycle Gasoline Engine Lubricants

D 5059 Test Methods for Lead in Gasoline by X-Ray Spectroscopy

D 5185 Test Method for Determination of Additive Elements, Wear Metals, and Contaminants in Used Lubricating Oils and
Determination of Selected Elements in Base Oils by Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES)

D 5862 Test Method for Evaluation of Engine Oils in Two-Stroke Cycle Turbo-Supercharged 6V92TA Diesel Engine

D 6304 Test Method for Determination of Water in Petroleum Products, Lubricating Oils, and Additives by Coulometric Karl
Fischer Titration

G 40 Terminology Relating to Wear and Erosion

2.2 ANSI Standard:®

ANSI MC96.1 Temperature Measurement-Thermocouples

3. Terminology

3.1 Definitions:

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

3.1.1.1 Discussion—In this test method, air-fuel ratio (AFR), is controlled by the EEC IV engine control module. D 4175

3.1.2 blowby, n—in internal combustion engines, the combustion products and unburned air and fuel mixture that enter the
crankcase. D 4175

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

3.1.3.1 Discussion—A cold-stuck piston ring cannot be moved with moderate finger pressure. It is characterized by a polished
face over its entire circumference, indicating essentially no blowby passed over the ring face during engine operation. D 4175

3.1.4 debris, n—in internal combustion engines, solid contaminant materials unintentionally introduced into the engine or
resulting from wear.

3.1.4.1 Discussion—Examples include such things as gasket material, silicone sealer, towel threads, and metal particles.

D 5862

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

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

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

cylinder wall during engine operation. D 4175
3.1.7 knock, n—in a spark ignition engine, abnormal combustion, often producing audible sound, caused by autoignition of the
air/fuel mixture. D 4175

3.1.8 out of specification data, n—in data acquisition, sampled value of a monitored test parameter that has deviated beyond
the procedural limits

3.1.9 reading, n—in data acquisition, the reduction of data points that represent the operating conditions observed in the time
period as defined in the test procedure.

3.1.10 scoring, n—in tribology , a severe form of wear characterized by the formation of extensive grooves and scratches in

the direction of sliding. G 40
3.1.11 scuffing, n—in lubrication , damage caused by instantaneous localized welding between surfaces in relative motion that
does not result in immobilization of the parts. D 4863

3.1.12 sludge, n—in internal combustion engines, a deposit, principally composed of insoluble resins and oxidation products
from fuel combustion and the lubricant, that does not drain from engine parts but can be removed by wiping with a cloth.
D 4175
3.1.13 time constant, n— in data acquisition, A value which represents a measure of the time response of a system. For a first
order system responding to a step change input, it is the time required for the output to reach 63.2 % of its final value.
3.1.14 varnish, n—in internal combustion engines, a hard, dry, generally lustrous deposit that can be removed by solvents but
not by wiping with a cloth. D 4175
3.1.15 wear, n—loss of material from, or relocation of material on, a surface.
3.1.15.1 Discussion—Wear generally occurs between two surfaces moving relative to each other, and is the result of mechanical
or chemical action or by a combination of mechanical and chemical actions. D 4175

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

3.2.2 enrichment, n—in internal combustion engine operation, a fuel consumption rate in excess of that which would achieve
a stoichiometric air-to-fuel ratio.

3.2.2.1 Discussion—Enrichment is usually indicated by elevated CO levels and can also be detected with an extended range
air/fuel ratio sensor.

3.2.3 Lambda, n—the ratio of actual air mass induced, during engine operation, divided by the theoretical air mass requirement
at the stoichiometric air-fuel ratio for the given fuel.

3.2.3.1 Discussion—A Lambda value of 1.0 denotes a stoichiometric air-fuel ratio.

3.2.4 low-temperature, light-duty conditions, n—indicative of engine oil and coolant temperatures that average below normal
warmed-up temperatures, and engine speeds and power outputs that average below those encountered in typical highway driving.

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

4. Summary of Test Method

4.1 Each test engine is assembled with many new parts and essentially all aspects of assembly are specified in detail.

4.2 The test stand is equipped to control speed, load, AFR, and various other operating parameters.

4.3 The test is run for a total of 216 h, consisting of 54 cycles of 4 h each. Each cycle consists of three stages.

4.4 While the operating conditions are varied within each cycle, overall they can be characterized as a mixture of
low-temperature and moderate-temperature, light and medium duty operating conditions.

4.5 To accelerate deposit formation, the level of oxides of nitrogen in the blowby and the rate of blowby into the crankcase are
significantly increased. The fresh air breathing of the crankcase is eliminated and the oil and coolant temperatures are lowered to
induce condensation of water and fuel.

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

5. Significance and Use

5.1 This test method is used to evaluate an automotive engine oil’s control of engine deposits under operating conditions
deliberately selected to accelerate deposit formation. This 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 oils were then
used in developing the operating conditions of this test procedure.

5.2 This test method, along with other test methods, defines the minimum performance level of the API Category SL (detailed
information about this category is included in Specification D 4485). This test method is also incorporated in automobile
manufacturers’ factory-fill specifications.

5.3 The basic engine used in this test method is representative of many that are in modern automobiles. This factor, along with
the accelerated operating conditions, should be considered when interpreting test results.

6. Apparatus (General Description)

6.1 The test engine is a Ford 4.6L, spark ignition, four stroke, eight-cylinder V configuration engine. Features of this engine
include an overhead camshaft, a cross-flow fast-burn cylinder head design, two valves per cylinder and electronic port fuel
injection. It is based on the Ford Motor Co. 4.6L EFI Crown Victoria® passenger car engine.

6.2 Configure the test stand to accept a Ford 4.6L two valves per cylinder engine. All special equipment necessary for
conducting this test is listed herein.

6.3 Use the appropriate air conditioning apparatus to control the temperature, pressure, and humidity of the intake air.

6.4 Use an appropriate fuel supply system (Fig. 1).

6.5 The control and data acquisition system shall meet the requirements listed in Annex A2.

7. Apparatus (The Test Engine)

7.1 Sequence VG Test Engine—The test engine kit is available from the Ford Motor Co. (A9.1). Parts from the engine may be
used for as many as four tests. A detailed listing of all parts included in the kit is given in Annex AS.

7.1.1 Non-rated parts can be replaced during the test, provided the reason for replacement was not oil related.

7.2 Required New Engine Parts—Use the parts listed in the engine kit (see AS5.1). Use a new gasket kit for each test. Obtain
cylinder heads from the supplier listed in X2.1.21. Use cams from the kit, polished by the supplier listed in X2.1.11.

7.3 Reusable Engine Parts—The parts listed in the test stand set up kit, supplemental stand set up kit, engine dress kit, and
engine finish and fastener kit can be reused (all of these can be used in numerous engine assemblies as long as they remain
serviceable). See Annex A5. Crankshaft, connecting rods, timing chain covers and cylinder heads may be used for multiple engine
assemblies as long as they remain serviceable. Camshafts can be used for as many as four tests as long as they remain serviceable.

¢ Ford Crown Victoria is a product of the Ford Motor Co., Dearborn, MI 48121.
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FIG. 1 Schematic of Engine Fuel System

7.4 Specially Fabricated Engine Parts—The following subsections detail the specially fabricated engine parts required in this
test method:

7.4.1 Intake Air System (see Fig. 2 and Figs. A3.1 and A3.2)—Intake air system shall use the stock Crown Victoria configuration
with the air horn removed from the air cleaner.

7.4.2 Camshaft Baffles (see Fig. A3.3)—These are fabricated for attachment to the under side of the rocker cover. The clearance
between the edges of the baffle and the (rocker arm cover) RAC permits a limited splash flow of oil to the top of the baffle and
the RAC. Therefore, the dimensional accuracy of the baffle is important to minimize the influence on test severity. The camshaft
baffle is available from the supplier listed in A9.2.

7.4.3 Crankcase Oil Fill Port—The crankcase oil fill port is located towards the rear of the left rocker cover. See item 8 and
9 on Fig. A3.4.
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FIG. 2 Typical Test Stand Intake Air Supply System

7.4.4 Dipstick and Dipstick Tube (see Fig. A3.6)—The dipstick has been modified for accurate oil level measurements. The
dipstick and dipstick tube are calibrated as a pair. If either part is replaced, then the pair shall be recalibrated. Use the dipstick and
dipstick tube available from the supplier listed in A9.2.

7.4.5 Oil Pan—Use a modified oil pan with removable baffles as shown in Fig. A3.7 from the supplier listed in A9.2.

7.4.6 Exhaust Manifold— The required exhaust manifolds (see A9.4), transition plates (see A9.3) and exhaust system are shown
in Figs. A3.15 and A3.16. A heated exhaust gas oxygen (HEGO) sensor is installed in the exhaust system after each exhaust
manifold.

7.4.7 Flywheel—Use the flywheel listed in Annex AS.

7.4.8 Rocker Arm Cover (RAC)—The RAC is fabricated from stainless steel and incorporates a water jacket and bolt bosses for
the camshaft baffle (see Figs. A3.3-A3.5). The RAC, bolts, and washers supplier is listed in A9.2.

7.4.9 Oil Filter—Use a 60 um screen type oil filter with a bypass (see Fig. A3.8) available from the supplier listed in X2.1.20.

7.4.10 Oil Pan Insulation—The oil pan is covered with a fiberglass insulation to reduce the effects of ambient temperature
variations. The insulation supplier is listed in A9.2.

7.5 Special Engine Measurement and Assembly Equipment—Items routinely used in laboratory and workshop are not included.
Use any special tools or equipment shown in the 1994 and 2000 Crown Victoria Service Manual’ for assembly. A list of these tools
is shown in Annex A4. Complete any assembly instructions not detailed in Section 7 according to the instructions in the 1994 and
2000 Crown Victoria Service Manual.

7.5.1 Piston Ring Positioner—Use the piston ring positioner to locate the piston rings 28.5 mm (1.125 in.) from the cylinder
block deck surface. This allows the compression rings to be positioned in a consistent location in the cylinder bore before
measurement. Fabricate the positioner according to the details shown in Fig. A3.9.

7.5.2 Piston Ring Grinder—A ring grinder is required for adjusting ring gaps. A suitable ring grinder is noted in 7.8.5.1.

7.5.3 PCV Valve Flow Rate Device :

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 Fig. A3.10. The device shall have a full scale accuracy of 5 % and a
resolution of 0.05 L/s (0.1 ft*/min) (see 7.6.7).

7.5.3.2 Calibrate the flow rate device once every six months against a standard traceable to NIST.

7.5.4 Engine Service Tools—A complete list of special tools for the test engine is shown in Annex A4. The tools are available
from a Ford dealership. These are designed to aid in performing several service items, in addition to the following specific service
items that require special tools to perform the functions indicated (if not self-explanatory).

7.5.5 A total of four master bores are required for verifying the cylinder bore measurement device, for determining ring gap
increase for the rings in cylinders 1 and 8, and for determining piston to bore clearance. Master bores are sized according to piston
oversize as follows:

7 Available from Ford and Lincoln-Mercury Dealerships.
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For 0.125 mm piston 90.345 mm
For 0.25 mm piston 90.470 mm
For 0.375 mm piston 90.595 mm
For 0.50 mm piston 90.700 mm

7.5.5.1 Maintain the master bores in a temperature controlled room.

7.5.6 Oil Screen Blowdown Device—Use the device available from the supplier listed in A9.3 to blow a controlled amount of
compressed air across the oil screen to remove any oil that is retained on the oil screen after allowing it to drain.

7.5.7 Engine Parts Cleaning—Clean the engine block and cylinder heads using Model Number 300 LX-P-2x dishwasher type
parts cleaning machine or similar apparatus. See X2.1.12.

7.5.8 Cylinder Hone—Use a Sunnen CV-616 for cylinder bore resizing and finishing.®?

7.5.9 Connecting Rod Heater—The piston pins are fixed to the connecting rods with an interference fit. A connecting rod
heater®!? is required to facilitate installation of the piston pins and prevent piston distortion.

7.6 Miscellaneous Engine Components-Preparation :

7.6.1 Engine Build-Up and Measurement Area-Environment—The ambient atmosphere of the engine buildup and measurement
areas shall be reasonably free of contaminants. A relatively constant temperature (within =3°C) is necessary to ensure acceptable
repeatability in the measurement of parts dimensions. Maintain the relative humidity at a nominal maximum of 50 % to prevent
moisture forming on cold engine parts that are brought into the buildup or measurement areas.

7.6.2 Intake Manifold and Throttle Body:

7.6.2.1 The required intake manifold modifications entail blocking off the EGR port (block off plate shown in Fig. A3.11) and
the coolant bypass port. Block coolant bypass port in intake manifold by tapping the hole and installing a %2 in. NPT pipe plug.
Replace the idle air bypass motor with the idle load control system. A schematic of the system and the idle air block off plate are
shown in Fig. A3.12 and Fig. A3.13, respectively.

7.6.2.2 Clean the butterfly and bore of the throttle body with solvent (7.7.1) and air-dry before each test. Do not disassemble
the throttle body as this will cause excessive wear on the components. The idle air screw can be removed for the cleaning process.
Fully close the idle air screw during test operation.

7.6.2.3 There is no specific life for the throttle body. However, the clearance between the bore and the butterfly will eventually
increase and render the body unserviceable. When the clearance becomes too great to allow control of speed, load, and air-fuel
ratio during Stage III, discard the throttle body.

7.6.2.4 If throttle assembly F8ZU-9E926-AD is used, perform the following modifications:

(1) Remove the throttle position sensor from the throttle assembly, retaining the two attaching screws.
(2) Install throttle position sensor with part number F2AF-9B989-AA.
(3) Close the bleed air hole by either soldering shut or filling with an epoxy.

7.6.3 Rocker Arm Cover:

7.6.3.1 Before each test, inspect the coolant jacket. If a deposit or film is present, then clean the RAC coolant jacket with a
commercially available de-scaling cleaner, neutralizer, and inhibitor (8.4.4.1). An example of an acceptable cleaner is detailed in
7.7.3.

7.6.3.2 Submerge the RAC in agitated organic solvent (see 7.7.2) until clean (approximately 1 h). Rinse the parts thoroughly
with hot water (> 60°C). Rinse the RAC with degreasing solvent (7.7.1)-and-aHow-to-air-dry—) and allow to air-dry. Inspect the
appearance of the inside of the RAC. If the before test rating is less than ten on the CRC varnish rating scale (Manual 20),'! polish
the RAC with Scotch Brite General Purpose Hand Pad #74478% -'? to achieve a dull finish. Rinse with degreasing solvent (7.7.1)
and allow to air-dry before use.

7.6.4 Camshaft Baffle— Submerge the camshaft baffles in agitated organic solvent (see 7.7.2) until clean (approximately 1 h).
Rinse the parts thoroughly with hot water (> 60°C). Rinse the camshaft baffles with degreasing solvent (7.7.1) and allow to air-dry.
Inspect the appearance of the top surface of the camshaft baffle. If the before test rating is less than ten on the CRC varnish rating
scale (Manual 20), polish the camshaft baffle with Ne—6-fine—steel-woolScotch Brite General Purpose Hand Pad #7447%12 to
achieve a dull finish. Rinse with degreasing solvent (7.7.1) and allow to air-dry before use.

7.6.5 Oil Pan—Submerge the oil pan in agitated organic solvent (see 7.7.2) until clean (approximately 1 h). Rinse the part
thoroughly with hot water (> 60°C). Rinse the oil pan with degreasing solvent (7.7.1) and allow to air-dry.

7.6.6 Oil Pan Baffle— Submerge the oil pan baffle in agitated organic solvent (see 7.7.2) until clean (approximately 1 h). Rinse
the part thoroughly with hot water (> 60°C). Rinse the oil pan baffle with degreasing solvent (7.7.1) and allow to air-dry.

8 If you are aware of alternative suppliers, please provide this information to ASTM International Headquarters. Your comments will receive careful consideration at a
meeting of the responsible technical committee, which you may attend.

“ The sole source of supply of the Sunnen CV-616 honing machine known to the committee at this time is Sunnen Inc., 7910 Manchester, St. Louis, MO 63143.

' The sole source of supply of the connecting rod heater (Sunnen Model CRH-50) and pin installation tool known to the committee at this time is Sunnen, Inc., 7910
Manchester, St. Louis, MO 63143.

supply p., , Los Angeles,
' Available from Coordinating Research Council, Inc., 219 Perimeter Ctr. Pkwy Atlanta, GA 30346.
HTh_l—hl_fﬁ_l‘BﬂW_G_hﬁh—mﬁ_—D_b_D_Fﬂ—forG—d'ﬁme Sole source of supply of Dearso cidic Cleaner known to the committee at this tme is Dearborn Div., subsidiary of W. R. Grace and Co., enesee St.,

'2 Scotch Brite is a trademark of 3M Corporate Headquarters, 3M Center, St. Paul, MN 55144-1000.
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7.6.7 PCV Valve—Measure and record the flow rates of the PCV valve with the calibrated flow device described in 7.5.3 and
Fig. A3.10. Measure the flow rate at 25 and 60 kPa vacuum. Because of the hysteresis in the PCV valve spring, make the vacuum
adjustments in one direction only. Measure the flow rate twice and average the readings. Reject any PCV valve that does not exhibit
an average flow rate of 90 to 140 L/min at 25 kPa and 30 to 50 L/min at 60 kPa.

7.6.8 Water Pump Drive System—Use only the pulleys provided in the Sequence VG test stand set-up kit (see Annex AS5),
crankshaft, water pump, grooved idler and tensioner, and a 956 mm (37 75 in.) long five or six groove belt to ensure that the water
pump rotates at the proper speed and direction.

7.6.9 Engine Coolant Temperature Sensor—Modify engine coolant temperature sensor by attaching a relay and a 13K () resistor
between the ECT sensor and the EEC as shown in Fig. A3.14.

7.6.10 Front Cover— Modify front cover to facilitate installation of tensioner, idler, and water pump drive belt. Since the belt
is routed differently from the stock location some bolt bosses may need to be altered to clear the shorter belt and the tensioner.
These bolt bosses are used to attach the front end accessory drive components that are not used for this test.

7.6.11 Oil Separators— Clean with degreasing solvent (7.7.1) and allow to air-dry.

7.6.12 Timing Chain Cover—Submerge the timing chain cover in agitated organic solvent (see 7.7.2) until clean (approximately
1 h). Rinse the part thoroughly with hot water (> 60°C). Clean with degreasing solvent (7.7.1) and allow to air-dry.

7.7 Solvents and Cleaners Required —No substitutions for 7.7.1-7.7.5 are allowed. (Warning—Use adequate safety provisions
with all solvents and cleaners. See Annex Al.)

7.7.1 Solvent—Use only mineral spirits meeting the requirements of Specification D 235, Type II, Class C for Aromatic Content
(0-2% vol), Flash Point (142°F/61°C, min) and Color (not darker than +25 on Saybolt Scale or 25 on Pt-Co Scale).
(Warning—Combustible. Health hazard.) Obtain a Certificate of Analysis for each batch of solvent from the supplier.

7.7.2 Organic Solvent, Penmul L460. (Warning—Combustible. Health hazard.)® '3

7.7.3 Dearsol 134 Acidic Cleaner®'* with Inhibitor, RAC cooling jacket internal cleaner. (Warning—Combustible. Health
hazard. )

7.7.4 Cooling System Cleaner, Dupont or equivalent, for cleaning cooling system components external to the engine.
(Warning—Caustic. Health hazard.)

7.7.5 Parts Cleaning Soap, ¥'>NAT-50 or PDN-50 have been found to be acceptable. (Warning—Health hazard.)

7.8 Assembling the Test Engine-Preparations —Use the test engine obtained from the supplier in 7.1. If this is the first test on
anew engine, disassemble the engine in accordance with the 1994 and 2000 Crown Victoria Shop Manuals. Number the connecting
rod bearing caps to the corresponding cylinders. Retain the following parts from the new engine: oil pump, main bearings,
connecting rod bearings, thrust washer, oil screen spacer, oil filter gasket, oil pan gasket, exhaust manifold gasket, roller followers,
valve lash adjusters, rear seal housing, crankshaft gear, timing chains, tensioners, chain rails, plus the following parts that can be
used for multiple tests: cylinder block, crankshaft, connecting rods, ignition ring sensor, crankshaft and camshaft timing sensors,
crankshaft vibration damper, crankshaft bolt and washer, oil filter adapter and the water pump and pulley.

7.8.1 Parts Selection— Instructions concerning the use of new or used parts are detailed in 7.1.1, 7.2, and 7.3.

7.8.2 Sealing Compounds—Use a silicon-based sealer as needed between the rear seal housing-cylinder block, the cylinder
block-cylinder head-front cover interfaces, cylinder head-front cover-rocker cover interfaces, and cylinder block-front cover-oil
pan interfaces.

7.8.2.1 Us