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2. Referenced Documents
2.1 ASTM Standards:

D 86 Test Method for Distillation of Petroleum Produtts
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Naphthas Through n-Nonane by Capillary Gas Chroma-
tography

G 40 Terminology Relating to Wear and Erosion

2.2 SAE Standards:

SAE J254 Instrumentation and Techniques for Exhaust Gas
Emissions Measuremént

2.3 ANSI Standard:

MC96.1 Temperature Measurement—Thermocofples

2.4 Coordinating Research Council:

CRC Sludge Rating Manual (CRC Manual No. 12)

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

CRC Techniques for Valve Rating (CRC Manual No.*6)

3. Terminology

3.1 Definitions:

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

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

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

3.1.3 cold-stuck piston ring, n—in internal combustion en-

D 287 Test Method for API GraVity of Crude Petroleum and gines one that is stuck when the piston and ring are at room

Petroleum Products (Hydrometer Methtd)

temperature, but inspection indicates that it was free during

D 323 Test Method for Vapor Pressure of Petroleum Prodengine operation.

ucts (Reid Method)

3.1.3.1 Discussior—A cold-stuck piston ring cannot be

D 381 Test Method for Existent Gum in Fuels by Jetmoved with moderate finger pressure. It is characterized by a

Evaporatiofi

polished face over its entire circumference, indicating essen-

D 445 Test Method for Kinematic Viscosity of Transparenttially no blowby passed over the outside of the ring during
and Opaque Liquids ( the Calculation of Dynamic Viscos-engine operation.

ity)*

3.1.4 debris, n—in internal combustion enginentami-

D 525 Test Method for Oxidation Stability of Gasoline nant materials unintentionally introduced into the engine.

(Induction Period Method)

3.1.4.1 Discussior—Examples include such things as gas-

D 873 Test Method for Oxidation Stability of Aviation Fuels ket material, silicone sealer, towel threads, and metal particles.

(Potential Residue Methatl)

3.1.5 free piston ring, n—in internal combustion engines

D 893 Test Method for Insolubles in Used Lubricating @ils one that will fall in its groove under the force of its own weight
D 1266 Test Method for Sulfur in Petroleum Productsyhen the piston is moved from a horizontal position to a

(Lamp Method}

D 3237 Test Method for Lead in Gasoline by Atomic

Absorption Spectrometfy

vertical one.
3.1.5.1 Discussior—A slight touch to overcome static fric-
tion is permissible.

D 3525 Test Method for Gasoline Diluent in Used Gasoline 3.1.6 hot-stuck piston ring, n—in internal combustion en-

Engine Oils by Gas Chromatograghy
D 3606 Test Method for the Determination of Benzene an

ines a piston ring that is stuck when the piston and ring are
t room temperature, and inspection shows that it was stuck

Toluene in Finished Motor and Aviation Gasoline by Gasduring engine operation.

Chromatography

3.1.6.1 Discussior—The portion of the ring that is stuck

D 4057 Practice for Manual Sampling of Petroleum andcannot be moved with moderate finger pressure. A hot-stuck

Petroleum Products

D 4175 Terminology Relating to Petroleum, Petroleum

Products, and Lubricarits

D 4485 Specification for Performance of Engine ®ils
D 5134 Test Method for Detailed Analysis of Petroleum

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

% Annual Book of ASTM Standardéol 05.03.

7 Annual Book of ASTM Standardgol 03.02.

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

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

19 Available from Coordinating Research Council, Inc., 219 Perimeter Ctr.
Parkway, Atlanta, GA 30346.
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ring is characterized by varnish or carbon across some portioget of operating conditions.
of its face, indicating that portion of the ring was not contacting

the cylinder wall during engine operation. 4. Summary of Test Method

3.1.7 knock, n—in a spark ignition enginabnormal com- 4.1 Each test engine is assembled with many new parts and
bustion, often producing audible sound, caused by autoignitiogssentially all aspects of assembly are specified in detail.

3.1.8 scoring, n—in tribologya severe form of wear char- test stand, which is equipped to control speed and load and
acterized by the formation of extensive grooves and scratche&rious other operating parameters. o
in the direction of sliding (see Terminology G 40). 4.3 The engine is operated for a total of 288 h, consisting of
3.1.9 scuffing, n—in lubricationsurface damage resulting 72 repetitive cycles o4 h each. Each cycle consists of three
from localized welding at the interface of rubbing surfaces withSt29es.

subsequent fracture in the proximity of the weld area (see 4-4 While the operating conditions are varied within each
Terminology D 4175). cycle, overall they can be characterized as a mixture of

3.1.10 sludge, n—in internal combustion enginasieposit, !ow—tempe_rature and moderate-temperature, light-duty operat-
principally composed of insoluble resins and oxidation prodNg conditions. _ _ .
ucts from fuel combustion and the lubricant, that does not drain 4-> TO accelerate deposit formation and engine wear, the
from engine parts but can be removed by wiping with a cloth level of oxides of nitrogen in the blowby and the rate of blowby
3.1.11 tight piston ring, n—in internal combustion engines '@ the crankcase are significantly increased, the fresh air
breathing of the crankcase is significantly decreased, and the

one that will not fall in its groove under its own weight when . b £ th f . delib
the piston is moved from a horizontal position to a vertical One,transmons etween two of the stages of operation are deliber-

but the ring can be displaced by moderate finger pressure. ately enriched, in cpmpa.r,lson with norma_l operatlon.

3.1.12 varnish, n—in internal combustion engineshard 4.6 The test engine oif’s _performanc_e IS determlned_at the
dry, generally lustrous deposit that can be removed by solven gdo(;fititgr? ;?:jt Vl\)lye/adrlsmantllng the engine and measuring the
but not by wiping with a cloth. P :

3.1.13 wear, n—the loss or relocation of material from a 5. Significance and Use

surface. _ _ 5.1 This test method is used to evaluate an automotive

3.1.13.1Discussior—Wear generally occurs between two engine oil's control of engine deposits and wear under operat-
surfaces moving relative to each other, and is the result ofqg conditions deliberately selected to accelerate deposit for-
mechanical or chemical action or by a combination of me-mation and wear. This test method was correlated with field

chanical and chemical actions. service data, determined from side-by-side comparisons of two
3.2 Definitions of Terms Specific to This Standard: or more oils in taxi fleets and delivery van services, as
3.2.1 clogging n—the restriction of a flow path due to the examples. The same field service oils were then used in

accumulation of debris along the flow path boundaries. developing the operating conditions of this test procedure.
3.2.2 closed-loop lambda control system— one that 5.2 This test method, along with other test procedures,

functions by feeding back a direct measurement of lambdaefines the minimum performance level of the API Categories
through a fully closed loop, and uses the measurement to alt§H and SJ (detailed information about these categories is
the fuel input by changing the fuel injector pulse width. included in Specification D 4485). This test method is also
3.2.3 enrichment, n— in internal combustion engine opera-incorporated in U.S. Army and automobile manufacturers’
tion, a fuel consumption rate in excess of that which wouldfactory-fill specifications.
achieve a stoichiometric fuel-to-air ratio. 5.3 The basic engine used in this test method is representa-
3.2.3.1 Discussior—Enrichment is usually indicated by el- tive of many that are in modern automobiles, but not all. This
evated CO levels and can also be detected with an extendéactor, along with the accelerated operating conditions, should
range air/fuel ratio sensor. be considered when extrapolating test results.
3.2.4 lambda n—the ratio of actual air mass induced,
during engine operation, divided by the theoretical air masg' Apparatus o
requirement at the stoichiometric air-fuel ratio for the given 6.1 General Description
fuel. 6.1.1 The test engine is a 2.3-L, spark ignition, four-stroke,

3.2.5 open loop lambda control system— one that utilizes four-cylinder in-line engine. Features of this engine include an
manual adjustment of the fuel injector pulse width to alteroverhead camshatft, a cross-flow fast-burn cylinder head de-

lambda based on manual measurement of exhaust gas CO &a3{é"» and electronic port fuel ignition. It is based on the Ford
O, content. Motor Company’s 2._3-L EFI Rang@rtrupk engine. _
3.2.6 low-temperature, light-duty conditions—indicative 6.1.2 Use an engine test stand equipped to control engine
of engine oil and coolant temperatures that average belowPeed and load, air-fuel ratio, various temperatures, and other
normal warmed-up temperatures, and engine speeds and pov ameters. , _ o
outputs that average below those encountered in typical high- 6-1-3 US€ appropriate air conditioning apparatus to control
way driving. the temperature and humidity of the intake air.
3.2.7 ramping n—the prescribed rate of change of a vari-
able when one set of operating conditions is changed to another** Ford Ranger is a product of the Ford Motor Co., Dearborn, MI 48121.
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6.1.4 Use an appropriate fuel supply system. INTAKE AR
. NTAKE AR SENSOR LOCATON
7. The Test Engine PRESSRE y :

7.1 Sequence VE Test Engine Parts—KifThe kit is avail- \ ‘ | il _ NOTE : AR PRESSURE PROBE TO
able from the Ford Motor Company and contains all th_e """ T\ 1 = @ NTAKE AR TEMPERATURE
necessary consumable hardware for four tests. Tests starting— =% i—[— - SENSOR TP TO BE LOCATED
after May 31, 1995, shall use 1992 or later test engine parts kits i el el
with the dual plug cylinder head. A complete list of parts 2yl e ar  PRR e ATuRE
included in the kit is shown in Table A4.1. e 7 TEMPERATURE N g/SEN“R

7.1.1 The following required parts are to be obtained from "% \7&

the kit (unless substitutions for those parts are specifically

approved by the Sequence VE Operations and Hardware =g - \
Subpanel (contact the ASTM Test Monitoring Center (TMC) &
for guidance): cylinder block, cylinder head, pistons, piston Pl FRESH AR BALANCE -
rings, camshaft, rocker arms, and connecting-rod bearings. PIPE LocaTION

7.1.1.1 Tests started on or after November 16, 1999 may usec AN DUCT HUMDFED AR B
substitute non-kit parts (other than those listed in 7.1.1) ' :

. . /2 OF 4.00" COUPLING

obtained from Ford dealers, provided that the part numbers are ~7 {10em) R 2000 LoNG
the same as those in the kit. Where parts substitutions are T 2=
made, maintain samples of the substituted part for possible NYLON / 400" TO 300" WELDING BELL
comparison. Identify all substituted parts with the part numbers WG | / o7 6em
on the Supplemental Operational Data Form of the test report OFF APt
(Fig. A7.5). Cordinate the use of substituted parts with the @ FLEXBLE — ﬂ// NTAKE AR HORN
TMC. i | 3

7.1.2 Premeasured and calibrated Sequence VE engine parts /) il ,_—__J__L_“L__]__,
are available from the supplier listed in X2.1.5. :@/M‘mm | i

7.2 Required New Engine Partsinstall the following new ': ENeE |
parts in each new test engine assembly: cylinder head (may be B T UATOR L e )
reused for tests starting on or before May 20, 1999) cylindelr|G. 1 Intake-Air Horn Adapter and Typical Test Stand Air Supply
head bolts (torque-to-yield), camshaft, camshaft bearings, cam- Duct

shaft drive belt, rocker arms, hydraulic lifters, intake and

exhaust valves, valve stem seals, pistons, piston rings, wrist

pins, connecting-rod bearings, main bearings, oil pump, oilfhe camshaft baffle is available from the supplier listed in
filter, PCV valve, spark plugs, and gaskets and seals. X2.1.13.

7.3 Reusable Engine PartsThe following parts can be 7.4.3 Crankcase Oil Fill Tubgsee Fig. A3.27)—This de-
reused: cylinder block (can be used for approximately twasign is not a requirement, but if an alternative part is used,
tests, depending on bore wear); valve springs (can be reusediastall a suitable shut-off valve between the fill tube and the
long as they meet the specifications detailed in Annex A3)gngine.
cylinder heads (for tests started on or after May 20, 1999, 7.4.4 Dipstick Tube—Replace the existing dipstick tube
provided an acceptable reference oil test, incorporating reusetdth a ¥e-in. NPT pipe nipple. The nipple should be approxi-
cylinder heads and meeting the requirements in Annex Alenately 6-in. (150-mm) long and is threaded into the port on the
has been completed); auxiliary shaft and bearings, connectingft side of the crankcase, as shown in Fig. A3.13.
rod, front seal housing, fuel management wiring harness, 7.4.5 Dipstick—Use the special dipstick shown in Fig.
crankshaft ignition trigger, intake manifold, throttle body, A3.28 to measure the oil level in the modified oil pan.
camshaft drive parts, water pump drive parts, crankshaft, fuel 7.4.6 Oil Pan—Obtain the special oil pan shown in Fig.
injectors, ignition module, ignition wires, oil pump screen andA3.25 from the supplier listed in X2.1.13.
pick up tube, timing belt sprockets, and water pump (all of 7.4.7 Flywheel Timing Indicater-Fabricate a bracket with
these can be used in numerous engine assemblies as longasadjustable timing index pointer for use at the flywheel. Mark
they remain serviceable). the flywheel with graduations at top dead center (TDC) and

7.4 Specially Fabricated Engine Parts The following  from 26 to 30° in 1° increments before top dead center (BTDC)
subsections detail the specially fabricated engine parts requireahd after top dead center (ATDC). The suggested mounting
in this test method: location is between two of the flywheel housing bolts on the

7.4.1 Intake Air Horn(see Fig. 1 and Fig. A3.4) : upper left side of the crankcase. Since ignition timing is

7.4.2 Camshaft Baffildsee Fig. A3.24)— This is fabricated measured with an accuracy of 1°, configure the index pointer to
for attachment to the cam bearing pedestals. The clearanesinimize parallax error.
between the edges of the baffle and the rocker arm cover 7.4.8 Rocker Arm CoverThe RAC is fabricated from
(RAC) permits a limited splash flow of oil to the top of the stainless steel and incorporates a water jacket. The RAC
baffle and the RAC. Therefore, the dimensional accuracy of theupplier is listed in X2.1.13.
baffle is important to minimize the influence on test severity. 7.5 Special Engine Measurement and Assembly
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Equipment-Items routinely used in the laboratory and work- the connecting-rods with an interference fit. A connecting-rod
shop are not included. heatet® is required to facilitate the installation of the piston
7.5.1 Camshaft and Rocker Arm Hardness Tester andoins and prevent piston distortion (see 7.8.13). This type of
Fixtures—Use a hardness tester to measure the camshaft lolteater minimizes the heat exposure of the rods and conse-
and rocker arm hardness in the range from 50 to 60 HRQuently minimizes the safety hazard to personnel.
(Hardness—Rockwell C). The tester and fixtures shall allow 7.5.9 Cylinder Block Stress Platesinstall two stress plates
accurate and repeatable results at the specified locations om the cylinder block during honing and measurement opera-
these parts (see 7.8.6.3 and 7.8.7). tions to minimize cylinder bore out-of-round and taper. Fabri-
N . ._cate one plate in accordance with the details shown in Fig.
Norte 1—Repeatat_)le hargness measurements are difficult to achlev&3 36. Th d | b h df h
without properly designed fixtures. : I'. det SleCdon )S(téefSZSp allte tclalmth etrﬁ)’urc as? h rortr\:vt ¢
7.5.2 Camshaft Lobe Measurement Equipme#dt snap srzﬁ[g;ecrm t%;le n Az.2.26. Install the thinher of the iwo
gage dial indicator is recommended for measurement o? 7.5.10 Cylinder Block Honing Machine- Use a Sunnen
camshait lobe heel-to-toe distance. CK-10 or CV-616 honing machiri&for cylinder bore resizing

753 Camshaft_Lobe Orifice Flow R‘?“.e Device_ . and finishing. The Sunnen honing lubricant or Mobil VAC-
7.5.3.1 Determine camshaft lobe orifice plugging with theMUL 3-D lubricant® a 30-tooth ratchet. and EHU-525 and
device detailed in Fig. A3.32. The device measures restrictiof ;_gox (or JHU-’820) honing stones’are required in this

_of z:]ir flow relalltive toa clean Ir(:llaebby mf_eansT(r)]f a:jpr(_)be phlaﬁekz) pplication. See Table 1.
in the external opening to each lobe orifice. The device shallbe” 7 £ 14 Cylinder Bore Surface Finish Analyzer

capable of controlling static air pressure at 10.0 in. water (2.49 7.5.11.1 The analyzer is required to measure the cylinder

kPa)_ b . . . .
. . ore surface finish after completion of the honing operation.
7532 C‘."‘I'brate the flowm_eter with a referenpe (cle_an) CaMhe range of the analyzer shall cover a minimum from 8 to 20
lobe each time a camshatt is rated for plugging. Since the;i, * (5 9002 to 0.0005 mm). An instrument with a mechani-
measurement is a relative flow rate reduction, repeatabilit cally driven profilometer stylus is recommended since repeat-

rather than absolute accuracy, is the primary concern (see Figy o measurements are difficult to achieve with a hand-held
A3.32 and 13.4.4). instrument.

7.5.4 Rocker Arm and Connecting-Rod Bearing Weighing 7.5.11.2 Calibrate the surface finish analyzer with a com-

E%Lg%/memgp‘ precilsic_m erighlt scale with an ac%uralfy of mercially recognized surface finish calibration standard. The
25 % and a resolution of 0.1 mg Is necessary. Roc er_a”ﬂequency of calibration shall comply with the manufacturer’s
weights are approximately 105 g, while individual bea”ngspecification for the particular analyzer used.

ins7ert weights arebla%p(%imaéely zog'l.b ion Dewi 7.5.12 Cylinder Bore Measurement Ladder The bore
7.5.5 Unassembled Valve Spring Calibration Deviebse e aqrement ladder is required to ensure precise location of
this device to screen valve springs before assembly in thg g cvjinder bore measurement at the top, middle, and bottom

cylinder head (see 7.8.8.3). The spring loading is measured t the piston rina travel. Fabricate the bore ladder in accor-
a compressed height of 1.16 in. (29.5 mm). The tester Shaﬁance \F/)vlith thel dgetailg shown iln Fig. A3.38 I

have an accuracy of 2 % and a resolution of 1 Ibf (4.45 N). 7.5.13 Piston Ring Positioner-Use the piston ring posi-

7.5.6 Assembled Valve Spring Calibration Device tioner to locate the piston rings 2.0 in. (51 mm) from the upper

7.5.6.1 This device is used to measure valve _spring Ioadingun‘ace of the stress plate. This allows the compression rings to
after the springs have been assembled in the cylinder head. Use

the procedure specified in 7.8.8.5 in conjunction with the

device. A suitable fixture may be purchased from the supplier—————
detailed in X2.1.13 and X2.1.5 13 The Sunnen Model CRH-50 Rod Heater, or equivalent, is suggested for this

K . . _purpose. Information on availability is given in X2.24 .
7.5.6.2 Calibrate the valve spring force measurement device isthe sunnen ck-10 and CF-616 honing machines and the Sunnen honing

at least once every three months. The calibration technique igbricant are products of Sunnen Inc., 7910 Manchester, St. Louis, MO 63143,

left to the discretion of the testing laboratory. % Mobil VACMUL 3-D lubricant is a product of Mobil Oil Corp., 3225 Gallows,
7.5.7 Valve Stem and Guide Measurement Equiprghity " anax VA 22037.

of the following methods is acceptable for measuring valve

stem-to-guide clearance (see 7.8.6.1). One method is specified TABLE 1 Honing Machine Set Up

in Footnote 142 utilizing a special tool. Other commercially Parameter Honing Machine Model Number
available automotive service equipment can also be utilized. CK-10 CV-616
Alternatively, air gaging equipment can be used to measure th&indle speed, r/min 155 170
guide diameter, and a micrometer can be used to measure tRgke rate, simin 46 57
. Feed ratchet 3or4 2o0r3
valve stem diameter. Position 30 tooth gear
Lubricant flow rate 50 % of maximum 50 % of maximum

Note 2—Accurate measurement of stem-to-guide clearance is impor-— — _ _
tant since this parameter can affect oil consumption. Desired Microfinish Honing Stone Selection

Hp H H ; 8 to 14 pin. AA EHU-525 rough

7.5.8 Connecting-Rod HeaterThe piston pins are fixed to (0.20 10 0.36 ) SHU.890 finish
15 to 20 pin. AA EHU-525 rough

(0.38 t0 0.51 pm) JHU-625 finish

12 Ford Shop Manual-Ranger/Bronco I, FPS 1987.
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be positioned in a standard location in the cylinder bore befor@o suitable commercially available apparatus has been identi-
measurement. Fabricate the positioner in accordance with tHeed, design of the test rig is left up to the laboratory.
details shown in Fig. A3.37. 7.6 Miscellaneous Engine Components—Preparation
7.5.14 Piston Ring GrinderA precision ring grinder is 7.6.1 Engine Buildup and Measurement Area—
required for adjusting ring gaps before assembly. A suitable&nvironment—The ambient atmosphere of the engine buildup
ring grinder is available from the supplier shown in X2.1.21. and measurement areas shall be reasonably free of contami-
7.5.15 Oil Pump Calibration Device nants. A relatively constant temperature (within3°C) is
7.5.15.1 Calibrate the engine oil pump by precisely adjustnecessary to ensure acceptable repeatability in the measure-
ing the pressure relief valve, utilizing a calibration devicement of parts dimensions. The relative humidity should be
similar to the one detailed in Fig. A3.30 and Fig. A3.31. Themaintained at less than 75 % to prevent moisture forming on
device drives the pump at a constant speed and circulategld engine parts that are brought into the buildup or measure-
Mobil EF-411 oil 16 while the oil temperature and flow rate are ment areas.
controlled. The pump discharge pressure is adjusted by meansz 6.2 Oil Pump
of the pressure relief valve. The oil flow rate sensor and readout 7 2 1 Calibrate the oil pump to help provide uniform oil

shall have an accuracy of 2 % of full scale and a resolution ofjo\y rates from test-to-test. The oil pump is calibrated with an

0.1 gpm. The pressure measurement system shall have gf} pump calibration device (see Figs. A3.30 and A3.31, and

accuracy of 1.0 % of full scale and a resolution of 0.5 psig (3.47_5_15_1)_ The oil pump relief adjuster assembly replaces the

kPa). . _ o . blanking plug and is used to position the relief valve spring
7.5.15.2 Calibrate the oil pump calibration device at 'eas’during calibration and operation (see Fig. A3.29).

once every three months. The calibration technique is leftto the 7 g5 5 The oil pressure relief valve assembly is located

discretion of the testing laboratory. behind the blanking plug. The plug is difficult to remove, and
7.5.16 PCV Valve Flow Rate Device it may be necessary to apply heat to the oil pump casing to
7.5.16.1 Use this device to verify the flow rate of the PCVraai qown the thread locking adhesive. After the blanking

valves before the test and to measure the degree of cloggirctgug has been removed, install the adjuster assembly.
after the test is completed. Fabricate the device in accordance ;¢ 5 3 Mount the oil pump on the calibration device. Fill

with the details shown in Fig. A3.34. The device shall have any, o cajipration device with EF-411 oil and circulate and heat
accuracy of 5 % of full scale and a resolution of 0.1 cfm (0.047the oil until it reaches 125 5°F (51.7+ 2.8°C). Adjust the oil

L/s) (see 7.6.9). um
4 . . p speed to 1256 10 rpm (130 1 rad/s), and set the flow
7.5.16.2 Calibrate the flow rate device once every S'%e at 6.6+ 0.1 gal/min (0.420= 0.006 L/s). Adjust the relief

months aga'unst' a standard_ traceable to national standgr Ive spring tension until the pump output pressure registers 60
Perform calibration checks biweekly, or more frequently Wlthi 1 psig (414+ 7 kPa)

modified PCV housings that contain fixed orifices (see Fig.

A37'355k7 Probe for Enaine Timina Calibratior-Use the cvi- calibration, disassemble the relief valve and correct the prob-
- 9 ) Y lem. Significant air entrainment in the oil in the calibration

inder probe to calibrate the crankshaft pulley and the flywheel . —> . . :
at TDC of the Number 1 piston. Eﬁ\é:;e indicates unacceptable leakage on the suction side of the

7.5.18 Engine Service ToolsA complete list of special PR . .
tools for the test engine is shown in Annex Al. The tools are .7'6'3 Oil Pump Pickup Tube and S(_:reen Clean the oil
available from a Ford dealer or from the supplier listed inp'CkUptl“'be and screen assembly, and inspect the assembly for
X2.1.27. These are designed to aid in performing severa(liefeas'

7.6.4 Throttle Body

service items, in addition to the following specific service X o )
items that require special tools to perform the functions 7.6.4.1 The required throttle body modifications are detailed

indicated (if not self-explanatory): in Fig. A3.19. Remove all tubes and plug the holes with pipe
7.5.18.1 Camshaft Belt Tension Adjusting TogPart No. plugs and a suitable thread sealer. Remove and discard the

7.6.2.4 If oil pressure fluctuations are observed during

T74P-6254-A). outer and inner throttle body shaft seals. Use of the throttle
7.5.18.2Valve Spring Compressor Levenecessary for Position sensor and the multiplier linkage is optional.

rocker arm installation. (Part No. T74P-6565-A.) 7.6.4.2 Disassemble and thoroughly clean the throttle body
7.5.18.3Engine Plug Replacemecessary for freeze plug before each test. Remove the butterfly from t_he throttle shatft,

installation. (Part No. T74P-6015-A.) and remove the shaft from the throttle body. Dlscard the rut_)ber
7.5.18.4 Camshaft and Auxiliary Shaft Seal Replac@tart throttle body shaft seals, and soak all parts in a commercially

No. T74P-6150-A). available carburetor cleaner. After the parts have been thor-

7.5.18.5Fuel Injector Test Rig-A suitable device capable ©0ughly cleaned and air-dried, install new throttle body shaft
of accurate, repeatable flow measurement of port fuel injectorgeals. The seals should be lightly lubricated on all surfaces with
is required. This device shall be capable of performing neces=F-411 oil to facilitate installation. Do not use any other

sary port fuel injector evaluations, as outlined in 7.6.11. Sincdubricant on the seals. Reassemble the throttle body.
7.6.4.3 There is no specific life for the throttle body.

However, the clearance between the bore and the butterfly will
16 Mobil EF-411 oil is a product of Mobil Oil Corp., 3225 Gallows, Fairfax, VA eventually increase and render the body unserviceable. When
22037. the clearance becomes too great to allow control of speed, load,
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and air-fuel ratio during Stage 3, discard the throttle body. apparatus as identified in 7.5.18.5. The evaluation procedure is
7.6.5 Intake Manifold outlined in this section. Injectors may be cleaned and reused if
7.6.5.1 The intake manifold is comprised of three partsthe criteria outlined in this section are satisfied.

upper intake manifold, lower intake manifold, and intake 7.6.11.2 Flush new injectors for 30 s to remove any assem-

manifold spacer. The spacer is necessary to allow the upp®ly residue before flow testing.

intake manifold to clear the RAC (see Fig. A3.20). The spacer 7.6.11.3 Using a rig as described in 7.5.18.5, place the

can be purchased separately or as part of a kit of modified partgjector(s) in the rig and turn on the pressure source. After the

available from the supplier detailed in X2.1.13. Modify the pressure source is turned on, the test fluid (see 7.7.1) will start

intake manifold, as detailed in Fig. A3.21. Block the EGR to flow through the injector(s). Maintain the test fluid pressure

valve port by means of a cover plate or pipe plug. Locate th@upplied to the injector(s) at 3& 0.5 psi (269+ 3.4 kPa)

PCV valve vacuum connection at the lower port on the uppegluring the entire test. The maintenance of this pressure is

intake manifold, as detailed in Fig. A3.21. Locate the intakecritical because a small change in pressure will have a dramatic

manifold vacuum measurement, fuel pressure regulator, argffect on the flow rate and spray pattern. Once pressure is set,

manifold absolute pressure (MAP) sensor connections at théero the volume measuring device.

upper port on the upper intake manifold, as detailed in Fig. 7.6.11.4 Apply pressure to the closed injector(s) for at least

A3.21. 30 s. The injector(s) shall not leak or drip. Replace any injector
7.6.5.2 Disassemble and thoroughly clean the intake manthat leaks or drips. N _ _

fold before each test by soaking in a commercially available 7-6.11.5 Flow-test each injector for a 60-s period. While the

carburetor cleaner. This is followed by a hot (> 60°C) waterinjector is flowing, make a visual observation of the spray

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

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

7.6.6.1 Before each test, flush the RAC coolant jacket wittPhall be between 3.7 o0z (109 énand 4.5 oz (134 ci) at 39
a mixture of hot (>60°C) water and tri-sodium phosphate,t 0.5 psi (269= 3.4 kPa) of test fluid pressure. Discard any

detergent. After flushing, inspect the coolant jacket. If a depositi€ctor that flows above or below this range.
or film is present, clean the RAC coolant jacket with a 7.7 Solv_ents and Cleaners Re_quwedNo substitutions for
commercially available de-scaling cleaner, neutralizer, and® following are allowed: Warning—Use adequate safety

inhibitor (see 8.4.4.1). Examples of acceptable cleaners afdoVvisions with all solvents and cleaners.) _ ,
detailed in 7.7. 7.7.1 Aliphatic NaphthaStoddard solvehf or equivalent is

7.6.6.2 Inspect the appearance of the interior surface of th&auSfactory.
p pp 7.7.2 Ethyl Acetate

RAC. If th f test rati is | th t th R . .
c e before test rating is less than ten on the CRC 7.7.3 Organic SolventPenmul L466° or Oakite 8111°

varnish rating scale (Manual 14), polish the interior surface 7731 imol tth ifiad h i hi .
lightly with Number O fine steel wool to achieve a fine dull | """ mpiement the specified gas chromatographic moni-
toring program (see Annex A10) when using Oakite 811 to

shine. Rinse the cover with aliphatic naphtha and allow to : . ,
air-dry before use. prevent gelatinous-type coatings on water-rinsed parts.

. . 7.7.4 Pentane
7.6.7 Camshaft Baffle-Polish the camshaft baffle with o ; .
Number 0 fine steel wool to achieve a fine finish. Rinse with 75T _Sodlum Phosphate Detergemylinder block and
: : . RAC cleaning detergent.
aliphatic naphtha and allow to air-dry before use. . .
2 6.8 Oil P | t th f the tin plati 7.7.6 Formulation No. 7 Cooling System Cleaner —Heavy-
-0-0 LIl Fan—Inspect the appearance of the tin piating OnDuty,20 cooling system flushing agent to engine cooling system
the internal surface of the pan. Polish lightly with Number 0 - e
. . . . . . - cleanser consists of the following:
fine steel wool to achieve a dull shine. Rinse with aliphatic

i 7.7.6.1 Oxalic Acid Dihydrate Tech
naphtha and allow to air-dry before use. Replate the pan when 7762 Alkvlated Naphthalene. Sodium SaltPetro Dis-
the finish becomes unserviceable (see 7.4.6). D y p ;

persant 425 (soap).
7.6.9 PCV Valve—Measure and record the flow rates of the 7.7.6.3 Soda Ash Light-(Neutralization).

PCV valves with the calibrated flow device described in 7.5.16 " . o :
. - 7.7.7 Dearsol 134 Acidic Cleaner with Inhibitpfor equiva-
and Fig. A3.34. Measure the flow rate at 8 and 18-in. Hg (27Ient). RAC cooling system cleaner. oloreq

and 61-k|_3a) vacuum. Because of _the hyster_esis in the P_CV 7.7.8 Commercial solventdesignated for cleaning carbure-
valve spring, make the vacuum adjustments in one directio

only. Measure the flow rate twice and average the readings. 7..8 Assembling the Test Engine—Preparatiesunctions

Reject any PCV valve that does not exhibit an average flov,,; are to be performed in a specific manner or at a specific
rate between 2.40 and 2.90 cfm (1.13 and 1.37 L/s) at 8 and P P P

18-in. Hg vacuum.
7.§d1(()jWatﬁr Pump Drive SystemUsg only the. pulleys bl 17Stoddard Solvent is a product of UNOCAL Chemicals Division. 7010
provided in the Sequence VE Test Stand Set-Up Kit (see Tablgyyawa st., Houston, TX 77033.
A4.2) to ensure that the water pump rotates at the proper speed.*® penetone L460 is a product of Penetone Corp., P.O. Box 22006, Los Angeles,
7.6.11 Fuel Injectors CAS0022. . .
. . . . .. 19 Oakite 811 is a product of Oakite Products, 10100 Hirsch, Houston, TX 77016.
7.6.11.1 Prior to engine installation, evaluate .a" INJECLOrs  zopormuylation No. 7 Cooling System Cleaner—Heavy-Duty is a product of
(new and used) for spray pattern and flow rate using a suitabl&mor All. Department 2224, SCF, Pasadena, CA 91051.
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time in the assembly process are noted. Any assembly instrutrardness measurement data sheet (see Fig. X1.4).
tions not detailed as follows should be completed in accor- (c) Oil Groove MeasurementsMeasure and record the oil

dance with the instructions in Footnote 14. groove depth and width on the Number 2 and 3 journals.

7.8.1 Parts Selection-Instructions concerning the use of Calculate the nominal depth and width using the following
new or used parts are detailed in 7.1.1, 7.2, and 7.3. equations:

7.8.2 Engine Measurement RecordfRecord the engine G+
measurements on data sheets equivalent to those shown in nominal groove depths — @
Appendix X1.

7.8.3 Buildup Lubrication—Lubricate all engine parts with ~ where:
EF-411 oil during assembly. G = maximum groove depth, and

7.8.4 Sealing CompoundsNo specific compounds re- D = minimum groove depth.
quired. _ , E+R

nominal groove width= — @)

Note 3—Silicone-based sealers should be used with care since they can
elevate the indicated silicon content of the used oil. Also use tape sealer§here:
with care because tape fragments can plug oil orifices in the oiling systemMg = maximum groove width, and

7.8.5 Gaskets and SealsUse new gaskets and seals at all R = minimum groove width.
locations during each engine assembly. The nominal oil groove depth shall be between 0.039 and
7.8.6 Cylinder Head 0.047 in. (0.99 and 1.19 mm), and the nominal oil groove width
7.8.6.1 Cleaning—Rifle-brush cylinder head guides with a shall be between 0.052 and 0.063 in. (1.32 and 1.60 mm). The
valve guide brush and aliphatic naphtha. Remove the end pluggooves can be machined to bring the dimensions within the
of the camshaft and rifle-brush the central gallery with a valvespecifications. Reject any camshaft that cannot be modified to
guide brush and aliphatic naphtha. Rinse with aliphatic naphthachieve these specifications.
and air-dry with compressed air. Reinstall the camshaft end 7.8.6.5 Lobe Hole MeasurementsMeasure and record the
plugs after the air-drying. lobe hole diameter on each lobe. The lobe hole diameters shall
7.8.6.2 Valve Guides-Measure and record the valve stem- be between 0.047 and 0.055 in. (1.19 and 1.40 mm). The holes
to-guide clearance for each valve (see 7.5.7). The clearancean be drilled to bring the diameters within the specification.
shall be within the following specifications: exhaust at 0.0019Reject any camshaft that cannot be modified to achieve this
to 0.0032 in. (0.048 to 0.081 mm) and intake at 0.0014 tcspecification.
0.0027 in. (0.036 to 0.069 mm). The clearances can be adjusted7.8.6.6 Journal Through-Hole Measurements Measure
by selectively fitting valves or reaming the valve guides. and record the journal through-hole diameter of the Number 2
7.8.6.3 Camshaft Bearings-Inspect the bearings for any and 3 journals. The journal through-holes shall be between
anomalies and ensure the bearing holes are properly alignéd116 and 0.124 in. (2.95 and 3.15 mm). The holes can be
with the oil gallery in the Number 2 and 3 pedestals. Tap thalrilled to bring the diameters within the specification. Reject
0.237-in. (6.02-mm) holes in the top of the pedestals to receivany camshaft that cannot be modified to achieve this specifi-
the cam baffle hold-down bolts (see Fig. A3.24). While Fig.cation.
A3.24 shows tha¥ie-in. (8—=mm) machine screws are satisfac- ) ) ) .
torv for this purpose. experience has shown that 7-mm machi NoTe 4—'The axis of the journal through-hole is not perpendicular to
y purp s €Xp . NRe centerline of the camshaft.
screws may be a preferred alternative. _
7.8.6.4 Camshaftinstall 1992 VF kit cams, part no. ES9E-  7-8.7 Rocker Arms-Clean each rocker arm with ethyl
6251-DA, serial numbers 920160 through 922882 (availabl@cetate and allow the rocker arm to air-dry before taking any

October 31, 1993) for all reference oil tests and associatefieasurements. Measure and record the hardness and weight of
non-reference oil tests starting on or after October 1, 1994. €ach rocker arm. The hardness is measured on the cam lobe

record the heel-to-toe dimension of each camshaft lobe at tH@€asurement shall be within 0.100 in. (2.5 mm) of the edge of
maximum it point and at a plane perpendicular to thethe camshaft mating surface and near the centerline of the

maximum lift point. Subtract the value taken perpendicular tof0cker arm. Reject any rocker arm that exhibits a hardness less

the maximum lift point from the heal-to-toe value. This than_57 HRC. A special holding fixture for the rocker arm is

difference is the camshaft lift. Reject any cam that exhibits dequired for hardness measurements (see 7.5.1).

lift value that does not fall between 0.2367 and 0.2391 in. 7.8.8 Valve Springs

(6.012 and 6.073 mm). Note that tibefore testheal-to-toe 7.8.8.1 Free Length—The valve spring free length should

dimension is also used as the baseline measurement fbe between 1.9 and 2.0 in. (48.3 to 50.8 mm).

determining wear (see 13.6.1). Record the actual values for 7.8.8.2 Out-of-Square-The valve spring out-of-squareness

both measurements in the appropriate spaces of the form should be 0.075 in. (1.91 mm) maximum.

Fig. X1.3. 7.8.8.3 Load—If the springs are within the free length and
(b) Lobe Hardness Measuremenileasure and record the out-of-square specifications, then measure the load in the

lobe hardness 180° from the maximum lift point and approxi-unassembled valve spring calibration device (see 7.5.5). This

mately 0.05 in. (1.3 mm) from the forward edge of each lobeshould be 167 8 Ibf at 1.16* 0.03-in. (740+ 20 N at 29.5

Include the individual cam lobe hardness measurements on the 0.8-mm) deflection.
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7.8.8.4 Installation—Lubricate each valve seal and valve available for use October 31, 1993) for all reference oil tests
stem with EF-411 oil. Install the valve seal over the end of theand associated non-reference oil tests starting on or after
valve stem with a plastic installation cap in place. CarefullyOctober 1, 1994.
seat the seals fully on the guides. Install prescreened valve 7.8.9.1 Initial Preparation—Disassemble the short block
springs and retainers. When installing the valve springs andnd remove all gallery plugs and freeze plugs. Reinstall the
retainers, do not compress the springs excessively. Excessiwgain bearing caps and torque them to 8% Ibf-ft (115+ 7
spring compression can damage the valve seals. Measure aNdm). Inspect the coolant jacket to ensure the coolant passages
record the assembled height of the valve springs in accordanege reasonably free of casting slag. Remove the external oil
with the procedure described in Footnote 15. The assembleskparator on the left side of the crankcase. Plug the hole with
height shall be between 1.53 and 1.59 in. (38.8 and 40.4 mmh ¥2-in. NPT pipe plug. Remove the internal sheet metal baffle

7.8.8.5 Calibration: located inside the block, underneath the oil separator passage.

(@) Check calibration of fixture load cell. Verify within Tap the dipstick tube hole to accep¥ain. NPT pipe nipple
procedure limits. Make calibration adjustments as required tgsee 7.4.4). Tap the monolithic timing port to accepsdan.

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

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

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

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

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

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

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

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

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

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

remaining intake valve spring. make sure all worn areas are eliminated during honing. If any

(0) Position cylinder head in fixture with exhaust valve worn areas are still present after honing, re-hone the cylinder
springs accessible. Conduct steps) (through (n) for each  block to the next larger size or discard the cylinder block.
exhaust valve spring. 7.8.9.4 Surface Finishk—-Measure the finish of each cylinder

(p) Replace any springs requiring applied force less tharore using a 0.030-in. (0.76-mm) cutoff on the profilometer.
159 Ib (707 N) or more than 175 Ib (778.4 N). Recheck springRecord the typical finish measured at the top, middle, and
calibration and record compressed force of any replacefottom elevations of the bores. Calibrate the profilometer
springs (see stesthroughm). frequently.

7.8.9 Short (Cylinder) Block-Use the 1992 VF cylinder 7.8.9.5 Bore Measurements
block (1992 VF cylinder block, part number F37E-6010-AB, is (a) Measure the cylinder bores with the stress plate and the
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main bearing caps in place. Clean the bores with a dry rag untdy C&F Tool and Dié? and inspected by Test Engineering,
no further residue appears after wiping. The bores shall b&c.2® Use pistons modified in accordance with Annex A15 for
clean and dry when they are measured. Use the bore ladder (s&létests started on or after December 31, 1998, with 0.5-mm
Fig. A3.38) and a bore gage micrometer to determine theversize pistons.
diameter of each cylinder at the top, middle, and bottom of 7.8.10.3 Measuremert-Measure and record the piston di-
second compression ring travel in both the longitudinal andameter at the wrist pin centerline elevation, perpendicular to
transverse directions. the wrist pin centerline, and across the extended tips of the

(b) Record the bore diameters in 0.0001-in. increments oveRiston skirts. Use the wrist pin centerline diameter to determine
3.7800 in. (0.003 mm over 96.010 mm). The cylinder borethe fitteq clearance. I?istorj taper is the differgncg between the
out-of-roundness represents the difference between the longperpendicular centerline diameter and the skirt diameter. Posi-
tudinal and transverse diameters. Calculate and record tH¥€ Ppiston taper means the skirt diameter is greater than the
out-of-round value for each second ring travel location. Thig?€rpendicular centerline diameter. The taper shall be positive
value shall not exceed 0.0010 in. (0.025 mm) at any location@nd shall not exceed 0.0015 in. (0.038 mm).

(c) Calculate and record the cylinder bore taper value forl 7.8.10.4 Selectior—Select each piston to provide a calcu-

each cylinder: this represents the difference between the larg gltfd O,A(\)I'([)lrérl\ t?i\?.:)Ofﬁ—ln. El(r)1 .((jJBrGt':orO.056;1mbm)hcliardart1c$i:ct3hlts
and smallest diameter in a given cylinder bore. This value sha ore. (Alternatively, the cylinder bores can be honed to €

not exceed 0.0015 in. (0.038 mm) at any location. If thepistons on hand.) Install the pistons in their respective bores to

cylinder bore out-of-round, taper, and micro-finish are notve”fy each piston is properly sized.

within the specified tolerances, rehone the particular bore(s). Note 6—Threading a feeler strip between the piston and the cylinder

(d) After achieving the specified cylinder tolerances Calcu-Wa” is a simple method to verify the piston-to-cylinder wall clearance.
’ Remove the pistons for installation on the connecting rods.

late the average bore diameter for each cylinder using the ) }
middle and bottom transverse diameters. Record the average/-8.11 Piston Rings o .
bore diameter and the calculated range of acceptable piston 7-8.11.1Selectior—Select the proper oversize piston rings

sizes that can be fitted in each bore. These data will be usé@ correspond with the nominal piston oversize. As an example,
when fitting pistons to specific cylinders. a 0.15-mm oversize ring corresponds with a 0.20-mm oversize

piston, and a 0.45-mm oversize ring corresponds with a
Note 5—Final sizing of the cylinder bores depends on the pistons).50-mm oversize piston.

available for fitting. 7.8.11.2Ring Gap AdjustmentEnlarge both compression

7.8.9.6 Final Preparations—After honing, bore measure- fiNg gaps on each piston-and-ring assembly to obtain the
ment, piston ring gap adjustments, and piston fitting, soak théPecified blowby flow rate. Ring gaps ranging from 0.048 to
block in agitated clean organic solvent (see 7.7.3) for 1 h. Rins€.096 in. (1.2 to 2.4 mm) have been used successfully in
the block with a mixture of hot (> 60°C) water and tri-sodium various laboratories. Any combination (wider or narrower top
phosphate detergent and flush out all oil and coolant passag&89 9ap or second ring gap) is acceptable. Enlargement of the
until no residue appears. Final rinse with hot (60°C) waterOil ring gaps is not necessary to achieve satisfactory control of
Spray the block with aliphatic naphtha containing 10 % EF-411the blowby flow rate.
oil by volume. Use compressed air to force air-drying. (&) Position each ring in its respective cylinder with the ring
(Warning—Do not spray the aliphatic naphtha/EF-411 oil Positioner (see Fig. A3.37) so that the gaps are located at the
mixture into the coolant passages. Clear all passages wienter of the thrust side of the cylinder wall. Measure and
compressed air and wipe the cylinder bores with EF-411 oil.yecord the ring gaps.

7.8.10 Pistons 7.8.11.3Installation—Remove burrs from the ring ends.
7.8.10.1Inspection of Tin Plating Quality- Reject any Then! install the compression rings and_the oil cor_ltrol rings on
pistbﬁs With tin plating that is peeling or flaking. Examine thethe plséonsldV\t/)lth tthe gapz Iotcated OL.JtSI(:eI thlzgfl_rttareals. W]e
skirt surfaces for discoloration. Remove any discoloration bygaps snou’c D€ staggerec at approximately ntervass. the

rubbing the piston with a Scotch Brife7445 pad. Reject any gaps should be located alternately toward the front and rear of

istons from which discoloration cannot be removed the engine.
P ' 7.8.11.4Side Clearance-Measurement of the ring side

~ 7.8.10.2Oversizes-Either of the piston oversizes included ¢jearance is not required but can help prevent possible blowby
in the Sequence VE Test Engine Parts Kits, 0.2 or 0.5 mm, Cafjoy rate control problems. The side clearance should be

be used. However, all pistons in a given engine shall be of thgetween 0.0010 and 0.0030 in. (0.025 and 0.075 mm).
same nominal oversize. Tests starting after May 19, 1998, may
use 0.5-mm pistons, modified in accordance with Annex Al
22 The sole source of machining services known to the committee at this time is
C&F Tool and Die, 7206 Eckhart Rd., San Antonio, TX 78238. If you are aware of
alternative services, please provide this information to ASTM Headquarters. Your
comments will receive careful consideration at a meeting of the responsible
21 The sole source of supply of Scotch Brite 7445 pads known to the committe¢echnical committee, which you may attend.
at this time is 3M Abrasive Systems Division, 3M Center, Building 223-6N-01, St. 2 The sole source of inspection services known to the committee at this time is
Paul, MN 55144-1000 U.S.A. If you are aware of alternative suppliers, pleaselest Engineering, Inc., 12758 Cimarron Path, Ste. 102, San Antonio, TX 782249-
provide this information to ASTM Headquarters. Your comments will receive 3417. If you are aware of alternative services, please provide this information to
careful consideration at a meeting of the responsible technical committee, whicASTM Headquarters. Your comments will receive careful consideration at a meeting
you may attend. of the responsible technical committee, which you may attend.
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7.8.12 Connecting Rods-Measure and record the big end
oil orifice diameter. The orifice diameter shall be from 0.062 to |
0.068 in. (1.57 to 1.72 mm). The orifice can be drilled to
achieve the specified diameter. l

7.8.13 Wrist Pins—Heat the small end of the connecting rod
in a connecting rod heater (see 7.5.8). Insert the wrist pin
through the piston and rod by hand and center the pin on the
connecting rod. Commercial connecting rod heaters have a
fixture to ensure precise centering of the pWafning—In
addition to other precautions, use extreme care when working
around the connecting rod heater and handling the heated
rods.)

7.8.14 Connecting Rod BearingsMark position numbers
on the connecting rod bearings. Rinse the bearings in aliphatic
naphtha, then in pentane, and air-dry. Weigh and record the STEAM N
weights of each bearing half.

7.8.15 Crankshaft—Inspect the bearing journals carefully.
Polish the journal surfaces with Number 320 or 400 grit crocus
cloth and EF-411 buildup oil. Measure and record the journal
diameters. The maximum journal out-of-roundness shall be
between 0.0000 and 0.0006 in. (0.000 and 0.015 mm). Spray
the crankshaft with aliphatic naphtha containing 10 % EF-411
oil by volume.

7.8.16 Modify the crankshaft ignition trigger by drilling out RECIRCULATION VALVE.
the rivets, tapping the holes to accept a machine screw, and © INLET VALVE (FROM ENGINE)
relocate the hall effect ring to obtain 28° BTDC, at 750 r/min.

7.8.17 Modify the cylinder head drain holes in accordance
with Fig. 2.

7.9 Assembling the Test Engine—Installations

7.9.1 Crankshaft and Miscellaneous Cylinder Block
Components-Install all oil gallery plugs. Remove the main
bearing caps and install the main bearings in the cylinder
block. Install the crankshaft and install the front cover. Install 7 g g 1 |nstall the camshaft.
the main bearings in the main bearing caps and torque the mainz 9 6 2 Do not remove the oil in the new lifters. Fill the

bearing caps to 8% 5 Ibf-ft (115 7 N-m). Install the front jifters with EF-411 using the lifter fill chamber, Part No.
cover. Measure and record the main bearing clearances. Ti8«_.390-1. This lifter fill chamber is available from the

desired clearances are 0.0015 to 0.0020 in. (0.038 to O-O@upplier shown in X2.1.13.
mm). The allowable clearances are 0.0008 to 0.0026 in. (0.020 (a) Lifter Fill Chamber Operation-Install lifters in the

to 0.066 mm). _ 3 lifter holding fixture in an upright position. Add sufficient

7.9.2 Auxiliary Shaft Drive—Install the auxiliary shaft and  gantities of EF-411 to cover lifters. One litre has proven
the auxiliary shaft drive sprocket. Install a petcock with asatisfactory. Close chamber, start vacuum pump, and hold
provision for a drain hose on the right side of the block at the,zcuum for 10 min. Maintain 15-20 in. Hg (381-508 mm)
existing drain plug location. vacuum throughout filling. Release vacuum, open chamber,

7.9.3 Pistons—Install the pistons in the correct cylinder rajise holding fixture, and allow lifters to drain for 10 min. in
bores. Measure and record the rod bearing clearances. Thgright position. Coat the lifter bodies with buildup oil prior to
desired clearances are 0.0015 to 0.0020 in. (0.038 to 0.05#stallation. Replace buildup oil in lifter chamber after filling
mm). The allowable clearances are 0.0008 to 0.0026 in. (0.02fjree sets of lifters. Install the lifters in the cylinder head.
to 0.066 mm) for connecting rod and crankshaft main bearings. 7.9.6.3 Install 1995 kit rocker arms, using Ford service tool,

7.9.4 Oil System Componentdnstall the oil pump, the oil  Part No. T74P-6565A. Install the camshaft drive sprocket, and
pump pickup tube and screen assembly, and the oil pan.  measure and record the camshaft end-float.

7.9.5 Cylinder Head—Install the cylinder head on the  7.9.6.4 Install the auxiliary shaft sprocket and align the cam
cylinder block. Use new torque-to-yield cylinder head bolts.drive. Torque the sprockets in accordance with the procedure
Do not use any sealing or anti-seizure compound on th@oted in Footnote 14. Install a new camshatft drive belt. Tension
cylinder head gasket. Lubricate the head bolts with EF-411 oilthe camshaft drive belt in accordance with the procedure noted
Torque the head bolts in accordance with the sequence d@ Footnote 14. Sealer may be required on the camshaft drive
scribed in Footnote 14 in two stages: 855 Ibf-ft (75 = 7  sprocket bolts if they have been used before.

N-m) and an additional 90 to 100° clockwise rotation. 7.9.6.5 Install the camshaft baffle and check to ensure the

7.9.6 Camshaft and Related Components camshaft baffle does not come in contact with the RAC interior

CONDENSATE
out

MIXING TANK

ELECTRIC PUMP.

STEAM HEAT EXCHANGER.

PROCESS STEAM CONTROL VALVE.
SYSTEM TEMPERATURE CONTROL SENSOR
FLOWMETER.

OUTLET VALVE (TO ENGINE).

CECNGECRCECNONS

BYPASS VALVE
@) DRAIN VALVE.
@ DRAIN VALVE

FIG. 2 Schematic of Typical Engine Cooling System Flushing
Cart
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PROBE AND
HOUSING

surfaces. The correct mounting orientation of the baffle is

shown in Fig. A3.24. %S:‘ETE?(—EEREssupE gigﬁ?sgsssuﬂs g:@ﬁf;essuas ;:?imﬂ‘-*
7.9.7 Rocker Arm Cover-Install. PROBE D saweLe  PROBE\ PROBE ———
7.9.8 Water Pump, Water Pump Drive, and Crankshaft “E8etEeunans A §

Ignition-Trigger—Install modified crankshaft trigger, the water
pump, and the water pump and crankshaft pulleys (part
numbers E9TZ6312A and E69Z8509D) or FZZZ6312A and
F27A8509BA. Install the camshaft drive belt cover.

7.9.9 Miscellaneous Parts-Install the intake manifold and
insert the spacer between the upper and lower half of the intake

manifold. Install the freeze plugs. NOTE
THE EXHAUST BACK-PRESSURE AND SAMPLE PROBES MAY BE POSITIONED AT ANY ANGLE

AROUND THE CIRCUMFERENCE OF THE HOUSING, PROVIDED:-

PROBE FLOW

SAMPLING  EXHAUST —e:—'szj%(a:ss—
o b=

EXHAUST GAS
SAMPLE PROBE

Note 7—Alternatively, the intake manifold and freeze plugs can be 1 THE EXHAUST BACK-PRESSURE PROBE IS POSITIONED UPSTREAM AND THE EXHAUST
installed after the engine is installed on the test stand. 2 o A e o W e e

7.10 Engine Installation on the Test Standrunctions that A o FLOWMETER
are to be performed in a specific manner or at a specific time L he5aecs ‘j_— J—
in the assembl)_/ process are noted. PARTCULATE o

7.10.1 Mounting the Engine on the Test Stariount the VAR o B J/ mN;oL
engine on the test stand so that the flywheel friction face is 4.fl\f ISR
+ 0.5° from vertical, with the front of the engine higher than A PUMP
the rear. The engine mounting system should be designed t REFRIGERATED
minimize engine vibration at 750 and 2500 rpm (80 and 260 P were oveass
rad/s). Couple the engine directly to the dynamometer through w
a driveshaft. The engine cannot be used to drive any externgk || Z ANAYIER  ANALSZER
engine accessory other than the water pump. HIHEBIE § ol e

7.10.2 Flywheel Timing Index Calibratien- If ignition 2l 12112 |22 " e ™
timing is measured at the flywheel, calibrate the position of theiz || & 12115] |||
flywheel index pointer to TDC of the number one cylinder (see i E [—’_ s f_ E A

— {OPTIONAL)

7.5.17) Warning—A significant amount of backward crank-
shaft rotation can cause the timing belt to jump time because of
the arrangement of the belt tensioner.)

7.10.3 Exhaust Manifold

7.10.3.1Installation—Install the required water-cooled ex- to 4.5 oz (109 to 134 ciyat 39+ 0.5 psi (269 3.4 kPa) for
haust manifold shown in Fig. A3.8 and Fig. 3 (see supplierg0 s.

CALIBRATION GASES
FIG. 3 Exhaust System and Exhaust Gas Analysis Apparatus

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

(&) The required fitting for exhaust gas sampling andharness to the fuel injectors. The injectors should be paired so
back-pressure measurement is illustrated in Fig. 3 and detailatat Cylinders 1 and 4 and 2 and 3 are in parallel (see 7.10.4.2).
in A3.5. 7.10.4.2 Injector Pulsing

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

(c) The exhaust back pressure/exhaust gas sample prob#®e injector wiring harness is shown in Fig. A3.44. Each
can be used until they become unserviceable. If the existingjector pair is pulsed once per crankshaft revolution, without
probes are not cracked, brittle, or deformed, clean the outaespect to crankshaft position. Typical pulse widths measured
surface and clear all port holes. Check the probes for possiblen the Ford EEC-IV system are described in the following
internal obstruction and reinstall the probes in the exhaust pip&ection. A drawing showing what a pulse width represents is
Stainless steel probes are generally serviceable for seversthown in Fig. A3.45. The pulse widths will vary slightly from
tests; mild steel probes tend to become brittle after one tesengine-to-engine, although they should remain consistent for a
(Warning—Exhaust gas is noxious \Marning—Any leaks in  given engine at a given fuel pressure. The measurement of fuel
the connections to the sample probe will result in erroneous Oinjector pulse widths is not required, although the measurement

readings and incorrect air-fuel ratio adjustment.) is a useful diagnostic tool.
7.10.4 Fuel Management System (b) Typical fuel injector pulse widths for Stage 1 are 7.000
7.10.4.1 Fuel Rail Assembly to 7.500 ms (approximately 38-psig [262-kPa] fuel pressure),

(@) The fuel injectors may be used for several testsfor Stage 2 are 6.700 to 7.200 ms (approximately 38-psig
provided the spray pattern and flow rate are checked (sd@62-kPa] fuel pressure), and for Stage 3 are 2.500 to 3.500 ms
7.6.11). There is currently no specified life of the fuel injectors.(approximately 30-psig [207-kPa] fuel pressure). (The test
Use only fuel injectors that have demonstrated flow rates of 3.8tages are detailed in Table 2.)
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Controlled Stage
Item A
Parameter 1 2 3
Stage length min 120 75 45
Engine speed r/min 2500 *= 10 2500 = 10 750 = 25
Engine load bhp 335*05 335 0.5 1.0 =05
Engine oil—Engine inlet temperature °F 155 + 2 210 = 2 115 + 2
Delta T (outlet-inlet) °F Record Record Record
Pump pressure psig Record Record Record
Engine gallery pressure psig Record Record Record
Delta P (pump-engine gall.) psi Record 15 max® Record
Head gallery pressure psig Record Record Record
Delta P (engine gall-head) psi Record Record Record
Engine coolant—Engine out. temperature °F 125 £ 2 185 + 2 115 + 2
Delta T (out.-inlet) °F Record Record Record
Flow rate gal/min 150+ 0.5 Record
Pressure psig 10+1 10+1 10+1
Marine manifold outlet temperature °F Record Record Record
RAC coolant—Inlet temperature °F 85+ 2 185+ 2 85+ 2
Flow rate gal/min 20+2 Record 202
Intake air—Temperature °F 90 =2 90 + 2 90 £ 5
Specific humidity grains/lb 80=*5 80*5 80=*5
Pressure in. H,O gage 02=*0.1 0.2+01 0.2+0.1
Engine breathing—Corrected blowby flow rate cfm 2.00 £ 0.25
Crankcase pressure in. H,O gage Record Record Record
Intake manifold vacuum® in. Hg gage 8to 11 8to 11 Record
Exhaust back pressure in. Hg abs. 30.6 =0.3,-0.2 30.6 +0.3,-0.2 Record
Ignition—Timing °BTDC 271 27*1 28+1
Fueling—Consumption rate? Ib/h Record Record Record
Pressure® psig Record Record Record
Exhaust gas analysis 0, 1.17 1.17 0.7 max
co 0.4 max® 0.4 max® 6.5+ 05
NO, ppm Record

A Maintain all parameters as close to midrange values as possible.
B This specification only applies to Cycles 1 through 6.

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

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

E Fuel pressure should be constant at a given operating condition and between 27 and 40 psig.
F Target value is 1.1 %. Lower limit is 0.8 %. Upper limit 1.2 %.
© The maximum individual reading should be below 0.7 %. The maximum average value should be below 0.4 %.

7.10.4.3 Different Methods Currently Used

AWSF-44C* spark plugs that have been gapped to between
(&) The fuel management controller hardware is not speci0.042 and 0.046 in. (1.07 and 1.17 mm). Torque the spark plugs

fied. The fuel management methods currently in use can b® between 5 and 10 Ibf-ft (7 and 14 N-m). Install the spark plug

divided into five basic types of systems; modified Fordwiring harness but do not install the distributor and ignition

EEC-IV, open-loop analog, open-loop digital, closed-loopmodule at this time.

analog, and closed-loop digital. Process flow diagrams of 7.10.6 Crankcase Ventilation System

typical open-loop and closed-loop digital systems are detailed 7.10.6.1 Oil Separator—Cut the 1.25-in. (31.8-mm) inside

in Fig. A3.22 and Fig. A3.23. Whatever fuel managementdiameter polyethylene hose to approximately 1.5-in. (38-mm)

system is used, there are specific ramping performance requirength and install the oil separator on the front of the RAC.

ments (see 12.2.3.2)se adequate precautions to ensure themaintain the distance between the bottom of the separator

fuel injectors cannot function while the engine is shut down. Inadaptor (Item 4, Fig. A3.16) and the top of the RAC at %.5

addition, design the fuel management system to prevent exce®25 in. (139.7+ 6.4 mm) (see Fig. A3.15). The alignment of

sive fuel input during engine startup. the oil separator with the RAC should provide a straight run
(b) Exercise great care in the design, manufacture, andiith no offset (see Fig. A3.15 and Fig. A3.17). Maintain the

operation of the fuel management system to ensure that lamb&gparator assembly in a vertical position throughout the test. A

is properly controlled throughout the test. It is recommendedyracket may be necessary to support the separator.

that the laboratory utilize the modified Ford EEC-IV system or 7 10.6.2 PCV Valve—Install clean hoses and a new, cali-

an analog or digital system available from the suppliersyrated PCV valve as shown in Fig. A3.15 and Fig. A3.17. Use

detailed in X2.1.14. the elbow provided with the PCV valve to attach the 0.375-in.
7.10.5Ignition System o (9.53-mm) inside diameter hose. Attach a new 0.375-in. inside
7.10.5.1 Components-Modifications to the ignition system diameter hose to the three-way valve for each test. Maintain the

are required. Modify the wiring harness by removing all pcy valve in a vertical position throughout the test.
circular connectors, except for the crankshaft ignition trigger

connection. Figure A3.49 shows the required distributorless
ignition system connections.

7.10.5.2 Spark PIugs—InstaII new Motorcraft AWSF-44 or 24 Motorcraft AWSF-44 and AWSF-44C spark plugs are products of Ford

Distribution Center, 11871 Middleton Belt, Levonia, M| 48150.
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TABLE 2 (M) Sequence VE Operating Specifications  (continued)
Stage
Parameter”
1 2 3
Time Stage length, min 120 75 45
Engine Loading Engine speed, r/min 2500 *= 10 2500 = 10 750 = 25
Engine power, kW 25.00 = 0.37 25.00 = 0.37 0.75 = 0.37
Engine Oil Engine inlet temperature, °C 683+ 1.1 989+ 1.1 46.1+1.1
Delta T (outlet-inlet), °C Record Record Record
Pump pressure, kPa Record Record Record
Engine gallery pressure, kPa Record Record Record
Delta P (pump-engine), kPa Record 103.4 max? Record
Head gallery pressure, kPa Record Record Record
Delta P (engine-head), kPa Record Record Record
Engine Coolants Engine outlet temperature, °C 517+ 1.1 85.0 £ 1.1 46.1 = 1.1
Delta T (outlet-inlet), °C Record Record Record
Flow rate, L/min 56.8 + 1.9 Record
Marine manifold outlet temperature, °C Record Record Record
RAC Coolant Inlet temperature, °C 294 +1.1 85.0 + 1.1 294 +1.1
Flow rate, L/min 7.6 0.7 Record 7.6 0.7
Intake Air Temperature, °C 322*11 322+1.1 322 +28
Specific humidity, g/kg 11.43 = 0.71 1143 = 0.71 11.43 = 0.71
Pressure, Pa 50 = 25 50 = 25 50 = 25
Engine Breathing Corrected blowby flow rate, L/min 56.6 + 7.1
Crankcase pressure, Pa Record Record Record
Intake manifold vacuum€®, kPa 24 to0 34 24 t0 34 Record
Exhaust backpressure, Abs kPa 104 to 0.68, + 1.66 104 to 0.068, + 1.00 Record
Ignition and Fueling Ignition timing, °BTDC 28+1 28+ 1 28+ 1
Fuel consumption rate®, kg/h Record Record Record
Fuel pressuref, kPa Record Record Record
Exhaust Gas Analysis 0,, % 1.1t00.3,+0.1 1.1t00.3,+0.1 0.7 max
CO, % 0.4 max” 0.4 max” 6.5+0.5
NOX, ppm Record

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

B This specification only applies to Cycles 1 through 6.

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

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

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

7.10.6.3 Air Horn Adapter—Install a clean 0.625-in. (15.88- delivering 80 scfm (38 L/s) of conditioned air, while maintain-
mm) inside diameter transparent hose to the air horn adaptérg the intake-air parameters detailed in Table 3. A typical
(use new hose when the existing hose appears deteriorated)ntake air duct is shown in Fig. 1 (also see Fig. A3.3 and Fig.

7.10.6.4 Three-Way Valve-Install a clean three-way valve A3.4).
and attach the PCV valve hose. Install the remaining PCV 8.1.2 Dew Point—The dew point can be measured in the
valve hose between the three-way valve and the upper intakmain system duct or at the test stand (X2.1.9 lists suppliers of
manifold (see Fig. A3.15). Do not allow the hose to flatten at
the bend after installation.

7.10.6.5 Inspectior—When the installation of the crankcase
ventilation system is complete, inspect the system to ensure tf@"ameter Tolerance ()
configuration will allow all oil condensate to drain to the elbow AP'ngaV'WA 2-3 6q (69 kPa)
underneath the upper intake manifold. The pipe elbow leading . . 0,01 glgal (0.003 /L)
to the intake manifold should be the lowest point of the systemexistent gum® 1.0 mg/100 mL

7.10.7 Dipstick and Qil Fill Tubes—Install the dipstick tube DiS“ga“O”E

TABLE 3 Phillips J Fuel Analysis

16°F (8.8°C)

into the port on the left-hand side of the engine. Install the oil '1%%
fill tube in the monolithic timing port on the left side of the s0%

10°F (5.6°C)
11°F (6.1°C)
8°F (4.4°C)

engine (see 7.4.3 and 7.4.4). 90 %

7.10.8 Intake Air Components-Install the throttle body and =P _ 19°F 10.6°0) A
intake-air horn. Thceoflglrlowmg parameters are analyzed on ilr;;\rbsolute basis:

7.10.9 External Hose Replacementnspect all external Water trace
hoses used on the test stand and replace any hoses that havead” less than 0.01 g/gal (0.003 g/L)
become unserviceable. Check for internal wall separations thatxidation stabilty®

could cause flow restrictions. Check all connections to ensure,'n accordance with Test Method D 287. .
In accordance with Test Method D 323 or Automatic Reid Vapor Pressure

securlty. Analyzer.
. . i € In accordance with Test Method D 1266.
8. Engine Fluids—Supply/Discharge Systems D |n accordance with Test Method D 381.
. £ In accordance with Test Method D 86.
8.1 Intake A_II'. FIn accordance with Test Method D 3237.
8.1.1 Capacity—The supply system shall be capable of ©in accordance with Test Method D 525.
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suitable instruments). If the dew point is measured in the main 8.2.4.1 Before initial blending, each of the four fuel com-
system duct, verify the dew point periodically at the test standponents is analyzed, and the data are compared with predeter-
Maintain the duct surface temperature above the dew poinnhined physical specifications. A small amount of fuel mixture
temperature at all points downstream of the humidity measurds then blended, analyzed, and compared to predetermined
ment point to prevent condensation and loss of humidity levelspecifications. The TMC determines the acceptability of the
8.1.3 Filtration—Since no air filtration is provided at the analytical data and authorizes blending of the entire batch for
intake-air horn, the supply system shall provide either waterengine testing.
washed or filtered air to the duct. The filtration system shall 8.2.4.2 A sample of the fuel is shipped to two designated
have sufficient flow capacity to maintain the specified intakeindependent laboratories. A designed program involving more
air pressure. than one calibration test is completed using reference oils
8.2 Fuel selected by the TMC. (The Sequence VE Reference Oils and
8.2.1 Description—A schematic diagram of a typical fuel Fuels Sub Panel, of Subcommittee B of ASTM Committee
supply system is shown in Fig. 4. Supply an excess volume of-2, is involved in the design of the program.) The TMC
fuel to the fuel rail at all times. Introduce make-up fuel (fuel reviews the test results and authorizes the fuel supplier to
used by the engine) into the loop from an external source. MiXotify potential purchasers of the approval status of the fuel
the make-up fuel with fuel that is returned from the fuel rail patch.
(fuel not used by the engine). Pump the fuel through a mixing g » 5 Fyel Batch Analysis
chamber, or small heat exchanger, which is used to mix the two 8.2 5.1 Analvze each fuel shipment upon receiot from the
streams and provide fuel of consistent temperature to the ~=™° y P P P

enaine. Deliver the fuel to a high-pressure pump. which boostsupplier to determine the value of the parameters shown in
gine. . gn-p pump, Table 3 (except sulfur, oxidation stability, and distillation).
the pressure and supplies the fuel to the fuel rail.

8.2.2 Controls—Maintain the fuel temperature below the &g?pg:gcmgrr%zligﬁ t9|’kt12er(\a/§:1l:tes Sgﬁﬁ;geseb\%imﬁ]Stlﬁlzpr:lregn
initial boiling point of Phillips 3° fuel. To ensure good P '

atomization of the fuel, maintain the fuel pressure above Zflrgjzezgor\qgﬂ:g d ?g:jeer:g;rensiﬁz ifbt?wsgdfjelebazftzh ?:‘L?)r:giig d'l(')f;ls

psig (186 kPa). In addition, the fuel pressure should be constaft .

at all steady-state conditions to ensure good speed, power aﬂ S age;d prematurely. If any results fall outside the tolerances

air-fuel ratio control ' " “shown in Table 3, the laboratory should contact the TMC for
8.2.3 Fuel Volume Requireg-Approximately 630 gal (2385 help in resolving the problem.

L) of Phillips J reference unleaded gasoline are required for 8-2-5-2 Analyze the contents of each fuel storage tank used
each test. for qualified Sequence VE tests every two months. Fuel in run
8.2.4 Fuel Batch Approval ProcessEach new batch of fuel tanks, those with a direct feed line to test engines, shall be
is approved by the following process: analyzed monthly. It is recommended that laboratories take
composite samples in accordance with Practice D 4057 as a
25 philins 3" referen e is & broduct of Phillios Chemical Co. Sediali guideline. Record on the fuel sample label the paragraph in
Chemic;atllsp,sP.O. ;:X%GC; gifgelr,?l'l)j ?9p088.ulgocr’gen:elglsinfofm;i%n ;Jt-)oupteF?EilllligsPraCtlce D 4057 that,be5t d_escnbes the sampling method
“J" fuel, see X2.6. utilized. The fuel supplier provides an adequate supply of fuel
sample containers with packaging and pre-addressed return
VACUUM CONNECTION TO labels to each Sequence VE laboratory. Upon receipt of fuel
INTAKE MANIFOLD samples from the laboratory, the fuel supplier performs the
following analyses, tabulates the results, and reports results to

FUEL INJECTOR e
FUEL the submitting laboratory.
:Fégﬁg.?gn n Test Method D 323 Reid Vapor Pressure Test Method D 381 Washed Gums

1L 1 [ > Test Method D 287 API Gravity Test Method D 381 Unwashed Gums
FUEL RAIL ASSEMBLY Test Method D 86 Distillation Test Method D 3606 Benzene
Test Method D 3237 Lead (by way of Gas Chromatography)
FUELRAL  FUELRAL (a) In instances where results from the tests listed previ-
[m]

ously appear to vary significantly from the expected results, a
second sample shall be analyzed or the following tests shall be
conducted, or both:

PRESSURE Test Method D 5134 Hydrocarbon Speciation (by way of Gas Chromatography)
PUMP GAUGE Test Method D 525 Oxidation Stability
Test Method D 873 Potential Gums

TEMPERATURE
SENSOR

PROCESS WATER
MIXING CHAMBER

} 8.2.5.3 Forward the results of the analyses performed in
— 8.2.5.1 and 8.2.5.2 to the TMC for inclusion in the appropriate
database.

FROM 8.2.6 Fuel Batch Shipment and StorageShip the fuel in
O—><—0 '- > BN containers with the minimum allowable venting as dictated by
FOMETER ven all safety and environmental regulations, especially when
FIG. 4 Schematic of Engine Fuel System shipment times are anticipated to be longer than one week.
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Store the fuel following all applicable safety and environmen- 8.3.4.2 Regardless of the flushing technique employed, use

tal regulations. an organic solvent (see 7.7.3) for the final flushing followed by
8.3 Engine Oil separate rinses with hot (> 60°C) water and aliphatic naphtha
8.3.1 Non-Reference Test Oil Description before air-drying the componentsWarning—Incomplete

8.3.1.1 The non-reference sample shall be uncontaminatedeaning of the external oil system may allow debris to
and representative of the lubricant formulation being evaludislodge and circulate throughout the engine during subsequent
ated. tests. Incomplete cleaning may also cause oil temperature
8.3.1.2 Aminimum of 2.0 gal (7.6 L) of new oil is required control problems and contaminate subsequent test oils.)
to complete the test. A 5-gal (18.9-L) sample of new oil is 8.3.5 Engine Oil Pre-Lube Deviee-Turn the engine oil
normally provided to allow for inadvertent losses. pump with a portable power source to fill the galleries with oil
8.3.2 System Descriptian after engine reassembly. A modified distributor, without a cap,
8.3.2.1 Design the oil system to minimize stand-to-standotor, or gear, and &s-in. (9.5-mm) electric drill are recom-
variations that could influence test severity. Control the oil flowmended to drive the oil pump.
rate and pressure drop by specifying the volume, plumbing 8.3.6 Control Specifications-The oil inlet temperature and
configuration, and orientation of the heat exchanger. Specifallowable oil pressure differential are specified in Table 2.
the location of the heat exchanger only in a vertical planeAdditional information concerning the oil pressure differentials
Configure the heat exchanger so that the process water amlfound in 12.5.6.2. Cyclic ramping specifications are detailed
engine oil are in counter-flow. The lengths of the lines are notn Table 4.
specified, but the line length and diameter have a large 8.4 Coolants
influence on the volume of the external system. The internal 8.4.1 Description—The engine and RAC coolant is a solu-
volume of the entire external system shall befA8 oz (530 tion of demineralized (less than 2 grains/lb [0.034 g/kg]) or
+ 90 mL).
8.3.2.2 Configure the external oil system in accordance with

TABLE 4 Sequence VE Test Ramping Requirements A

the schematic diagrams and photographs shown in Figs. A3.10 Stage 310 1
through A3.13. Use the remote filter adapter OHTA-007-1 forEngine speed ped 3388 r;m!n gur!ng gg_‘;g .
. . aimn r/min aurin — S
tests started on or after September 1, 1996. This adapter ijine torque o biftasos
available from the supplier shown in X2.1.28. Typical volumes Attain 45 Ibf-ft during 70-90 s
of the various components of the external oil system are i\i‘g'{; ﬁgsb;tﬂlf)“gng 85-105 s
. . . . 0
detailed in Fig. A3.10. Install a new Motorcraft FL-35il 1015 % CO at 30 s
filter on the external oil filter adapter as shown in Fig. A3.12. Attain 10 % CO during 60-85 s
Be sure all hoses and fittings on the oil heat exchanger are ié-z/—lcf’ssf’g%im peak of CO curve
0
properly connected and secuf2o not use brass and copper ojj injet temperature 127-143°F at 5 min
fittings in the external oil system since they may influence used 153°F within 10 + 2 min
oil (wear metals) analysis Coolant outlet temperature 123°F within 4 min
8.3.3 Heat ExchangerThe heat exchanger has been cho- Stage 1to 2
sen to minimize the volume of the external system. The heabil inlet temperature 175-190°F at 6.5 min
exchanger has adequate but not excessive capacity to control 208°F within 13 * 2 min
. . . ]{Soolant outlet temperature 146-167°F at 4.5 min
the oil temperature. The system requires a high level o 183°F within 9 = 2 min
maintenance to provide adequate cooling, especially WheRocker arm cover inlet temperature  125-155°F at 6.5 min
process water temperatures are high. An effective, well- 183°F within 13 = 2 min
maintained process water control system is necessary to Stage 2to 3
achieve the specified oil temperatures. Carefully choose thengine speed 1500-1750 r/min at 55 s
controller and the system configuration to achieve proper Attain 775 r/min during 105-125 s
. . . . - . Iaqgme torque Attain 45 Ibf-ft during 10-30 s
response time, achieve the cyclic ramping specifications, an 7_20 Ibf-ft at 55 s
provide stable control at the three set points. co <1%COat-30s
8.3.4 System Cleaning 10.0-15.5% CO at 35 s
. . Attain 10.0 % CO during 50-75 s
8.3.4.1 Clean the external oil cooling system thoroughly 13.0-15.5 % CO at peak of CO curve
before each test. An acceptable technique for cleaning the odlil inlet temperature 149-177°F at 6.5 min
heat exchanger is detailed in Annex A2. Flush and rinse the 1A7°F within 13 2 min
. i . olant outlet temperature 131-169°F at 3.5 min
external lines before each test. The specific technique used 117°F within 7 = 2 min

(removed from or flushed on the stand, and so forth) is left tQRocker arm cover inlet temperature ~ 125-145°F at 6.5 min

the discretion of the laboratory. L,

A Speed and torque should be linear between setpoint specifications. Fuel flow
26 Motorcraft FL-300 oil filter is a product of Ford Distribution Center, 11871 not to exceed 18 Ib/h. Exhaust gas oxygen not to exceed 4 %. Fuel flow and
Middleton Belt, Levonia, Ml 48150. exhaust gas oxygen are not required to be plotted.
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A

(continued)

Stage 3 to 1

Engine speed

Engine torque

CcO

Oil inlet temperature

Coolant outlet temperature

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

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

10-15% CO at 30 s

Attain 10 % CO during 60-85 s
12.7-15.3 % CO at peak of CO curve
<5% CO at 90 s

127-143°F at 5 min

153°F within 10 = 2 min

123°F within 4 min

Stage 1 to 2

Qil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

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

Stage 2 to 3

Engine speed
Engine torque

CcO

Oil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

1500-1750 r/min at 55 s

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

<1% COat-30s

10.0-155% CO at 35 s

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

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

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

>95°F at 10 min

87°F within 13 £ 2 min

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

exhaust gas oxygen are not required to be plotted.

8.4.3 Engine Coolant System

8.4.3.1 Configure the engine cooling system according to
the schematic diagram shown in Fig. A3.7, and the photo-
graphs in Fig. A3.8 and Fig. A3.9. Install a thermocouple into
a modified thermostat housing and install the thermostat
housing.Do not install the thermostatnspect the water pump
drive V-belt for defects before installation. Install and tension
the water pump drive V-belt.

8.4.3.2 A radiator cap is used to limit system pressure,
although the coolant system pressure is not measured or
controlled. The heat exchanger and control valve size are not
specified, but the total coolant system capacity should be
minimized.

8.4.3.3 The engine coolant flow rate and outlet temperature
are controlled in accordance with the specifications listed in
Table 2. Information concerning the coolant flow rate measure-
ment device is detailed in 9.3.2. Cyclic ramping specifications
are detailed in Table 4. The coolant flow rate is measured with
a venturi flowmeter and varied with a control valve or a manual
valve.

8.4.3.4 Maintain engine coolant system pressure at 1D
psig. Measure coolant system pressure at the top of the fluid
level in the coolant reservoir.

8.4.4 RAC Coolant System

8.4.4.1 Periodically inspect and clean the complete RAC
control system. If a high level of RAC coolant jacket deposit is
found, flush the complete cooling system. A specific flushing
technique is not specified. However, the technique should
employ a commercial descaling cleaner.

8.4.4.2 Schematic diagrams of typical RAC coolant control
systems are shown in Fig. 5 and Fig. 6. Heat for the control
system can be derived from an external source, such as the
marine manifold, an electric immersion heater, hot water, or
steam.

distilled water and an additive treatment—16 oz (470 mL) 8.4.4.3 Control the RAC coolant flow rate and inlet tem-
(fluid) of Pencool 2008 per 4 gal (15 L) of water.
8.4.2 Genera—The following guidelines are common to The coolant pressure is not specified, but design the system to
both the engine and RAC coolant systems:
8.4.2.1 A transparent section is required to permit visuajacket. {Warning—Maintain the system pressure below 10

perature in accordance with the specifications listed in Table 2.

minimize the pressure on the RAC and prevent distortion of the

inspection of the coolant. Provide air blends to allow removalpsig (69 kPa) to prevent distortion of the RAC jacket.)
of entrained air. Provide a drain at the low point of the system 8.4.4.4 Cyclic ramping specifications are detailed in Table
to allow complete draining of the system. 4.

8.4.2.2 Carefully choose the controller and the system g 4 5 Expaust Manifold Coolant System
configuration to achieve proper response time, achieve the
cyclic ramping specifications, and provide stable control of th hrough the exhaust marine manifold
set points. An effective, well-maintained process water contro '

system is necessary to achieve the specified coolant tempera-8-4-5-2 Exhaust system components downstream of the
tures. exhaust gas sampling and exhaust back pressure measurement

8.4.2.3 The system shall allow precise calibration of thefitting are not specified. Water-cooled exhaust plumbing down-

flowmeters, after installation in the test stand. Avoid turbulencetr®@m of the exhaust probes is a typical laboratory practice.

near the measurement meters and the flowmeters used foP€ design should minimize buildup of corrosive materials in
calibration. the exhaust system. The exhaust back pressure control equip-

ment shall provide stable control within the limits specified.
_ (Warning—Good engineering practices should be utilized to
" The sole source of supply of Pencool 2000 known to the committee at this imeensure  safe operation of this system. The coolant outlet

is The Penray Companies, Inc., 1801 Estes Ave., Elk Grove, IL 60007. If you awar?emperature of the marine manifold should be maintained
of alternative suppliers, please provide this information to ASTM Headquarters

Your comments will receive careful consideration at a meeting of the responsibl@elow the boiling point of the coolant. High temperature, low
technical committeé which you may attend. water flow, and low water pressure alarms are recommended to

8.4.5.1 Do not circulate coolant from the engine jacket
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Cooling System @ ELECTRIC COOLANT PUMP

FIG. 6 Typical Non-Waste Heat Rocker Arm Cover Heating and
. . . Cooling System
prevent damage due to lack of cooling during engine opera-

tion. .
) 9.1.1.3 Resistance thermometer detectors (RTDs) are ac-

9. Measurement Instrumentation ceptable alternatives to thermocouples. However, if the TMC is
not familiar with the particular RTDs used, the laboratory will
be required to demonstrate equivalent system accuracy to the

9.1.1 Equipmernt o .
: ._specifications noted in 9.1.1.2 (see ANSI MC96.1).
9.1.1.1 Temperature measurement equipment and Iocat|or§89'1.2 Engine Coolant Inlet-Install the tip at the center of

for the seven required temperatures are specified. AlternativEFﬁ
|

. e flow stream in the perpendicular intersection of the tee
temperature measurement equipment shall be approved by the: .
TMC. The accuracy and resolution of the temperature mea- ing located 12 to 16-in. (300 to 410-mm) upstream from the

surement sensors and the complete temperature mea:surem\é\'l’"i‘tter pump mIet_ (see F|g. A3.7). The recommended thermo-
ouple diameter is 0.125 in. (3.2 mm).

K . . X C
system shall follow the guidelines detailed in ASTM Research 9.1.3 Engine Coolant Outlet-install the tip of the thermo-

Report RR: D02-12188 : o
9.1.1.2 If thermocouples are used, all thermocouples exceglOUpIe at the center of the flow stream in the modified

- - - hermostat housing. The thermocouple tip shall be within 1 in.
the intake-air thermocouple shall be premium, sheathe : N . .
grounded types with pren?ium wire. Thep intake-air thermo_(’25.4 mm) of the cylinder head. The inside diameter or inner

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

0.1875, or 0.25-in. (3.2, 4.8, or 6.4-mm) diameter may be usecj:ord factory orifice and no larger than the cylinder head
) ' ; o : %oolant inlet passage.

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

at locations that require short immersion depths to prevent . .
undesirable temperature gradients. Thermocouples, wires, a efigig;t:gna(‘jde%pttehre?rlgglééseg Fcligé rﬁgté? _ang 5'295 A.flg,)z
extension wires should be matched to perform in accordanc m) up ! IS 0. in. (3.

with the special limits of error as defined in ANSI MC96.1. 9.1.5 Engine Oil Outlet—Install the tip at the center of the

Either Type J (iron-constantan) or Type T (copper—constantang "
ross fitting attached to the bottom of the heat exchanger (see
thermocouples are acceptable (see ANSI MC96.1). Fig. A3.10). The recommended thermocouple diameter is
0.125 in. (3.2 mm).
28 ASTM Research Report RR: D02-1218, “Data Acquisition Guidelines— 9.1.6 Intake Air—Install the tip midstream in the intake-air

Instrumentation Accuracy and Calibration;” available from ASTM Headquarters.horn aqapter (see F'g- A3.4). _A 0.25-in. (6-4'mm) thermo-
100 Barr Harbor Drive, West Conshohocken, PA 19428, couple is adequate if an open-tip thermocouple is used.

9.1 Temperatures
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9.1.7 RAC Coolant Inlet-Install the tip at the center of the marine manifold (see Fig. 3 and Fig. A3.5). Install the exhaust
cross fitting attached to the RAC inlet fitting (see Fig. A3.14).gas sample and exhaust back pressure probe assembly against
The recommended thermocouple diameter is 0.125 in. (3.the marine manifold. A sensor capable of absolute measure-
mm). ment or a gage measurement corrected with a barometric

9.1.8 Marine Manifold Coolant—Install the tip at the per- pressure reading is acceptable. Install a condensate trap be-
pendicular intersection of the tee fitting located on the outletween the probe and sensor to accumulate water present in the
(upper) port of the marine manifold (see Fig. A3.8). Since theexhaust gas.

marine manifold coolant temperature is not a controlled 9.2.9 Engine Coolant PressureMeasure the coolant pres-

parameter, a 0.25-in. (6.4-mm) thermocouple is adequate. sure above the fluid level in the engine reservoir, as shown in
9.1.9 Calibration—Calibrate the engine oil in, engine cool- Fig. A3.7. Maintain engine coolant system pressure at-1D

ant out, RAC and intake-air temperature measurement sensossig (69+ 6.9 kPa).

every ninety days. Calibrate all other temperature sensors prior 9.2.10 Calibration—Calibrate all pressure sensors, includ-

to each reference oil test. The temperature measuremeply the RAC and engine coolant flow differential pressure and
system shall indicate within=1°F (0.6°C) of the laboratory  qq1ant pressure measurement sensors prior to each reference

calibration standard, which shall be traceable to nationa; test The calibration standard shall be traceable to national
standards. standards.

9.2 Pressures 9.3 Flow Rates

9.2.1 Equipment—Pressure measurement for each of the - ) | ;
eight required parameters is detailed in the following sections. 9.5.1qurl;upr;1em—F ow rgte measurement p(;ocgldudre_s orr]
Specific measurement equipment is not specified. This allow§ach Of the four required parameters are detailed in the
reasonable opportunity for adaption of existing test stan ollowing subsections. With the exception of the.engme pool—
instrumentation. However, the accuracy and resolution of th@nt gnd blowby_ flow rates, measurement equipment Is not
pressure measurement sensors and the complete pressﬁP@C'f'Ed for a given parameter. This allows reasonable oppor-

measurement system shall follow the guidelines detailed ifunity for adaption of existing test stand instrumentation. The
ASTM Research Report RR: D02-1218. accuracy and resolution of the flow rate measurement system

shall follow the guidelines detailed in ASTM Research Report
Note 8—Tubing between the pressure tap locations and the finaRR: D02-121838

pressure sensors should incorporate condensate traps, as indicated by goo . . .
engineering practice. This is particularly important in application where 6'3'2 Engine Coolan¢-Determine the engine coolant flow

low air pressures are transmitted by means of lines that pass throud@te Py measur.lng the d'ﬁerem'a_l pressure drop across the
low-lying trenches between the test stand and the instrument console. SPecified venturi flowmeter (see Fig. A3.7). The pressure drop
is approximately 18 in. (4.5 kPa) @ in the controlled flow
range. Take precautions to prevent air pockets from forming in
She lines to the pressure sensor. Transparent lines are beneficial
in this application.

9.2.2 Intake Manifold Vacuum-Measure the intake mani-
fold vacuum at the top side of the upper intake manifold a
detailed in Fig. A3.21.

9.2.3 Oil Pressure—Make oil pressure measurements at the .
oil filter adapter housing inlet, oil filter housing outlet, and the 9.3.3 RAC Coolant-Measure the total volumetric coolant

flow rate through the RAC.

rear corner of the cylinder head, as shown in Fig. A3.13. A o : .
multi-position selector valve can be utilized to connect the 9-3.3.1Calibration—Calibrate the flowmeters used in the

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

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

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

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

9.2.7 Crankcase PressureMeasure the crankcase pressureMaintain crankcase pressure at :00.1 in. (0.0+ 25 Pa)
at the dipstick tube. The sensor shall be capable of measurirfiiring operation of the system to minimize the potential for
positive and negative pressure. If a manometer is utilizedgrankcase leakag&lount the dummy PCV valve in a vertical
install a liquid trap to prevent manometer fluid from enteringposition.
the crankcase. 9.3.4.2 Determine the blowby flow rate by measuring the

9.2.8 Exhaust Back PressureMeasure exhaust back pres- differential pressure drop across the sharp-edged orifice; an
sure with the exhaust sampling probe downstream of thénclined manometer or differential pressure sensor is required
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manifold from the test PCV valve and result in erroneous
blowby flow rate measurements (see Fig. 7)).

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

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

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

9.5 Speed and Load

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

(DURING NORMAL OPERATION).

suitable for operation during Stage 3.
FIG. 7 Blowby Measurement Apparatus

9.5.2 Suitable SystemsBoth partial and full closed-loop
_ . systems have been successfully utilized. A typical partial
for measurement of the differential pressure drop. The crankclosed-loop system maintains speed by varying dynamometer

case pressure sensor shall have a range from 0 to 4 in. (0 togkcitation and maintains load by a fixed throttle. A typical
kPa) H,O and be adequately damped to indicate a zero gage

pressure.

9.3.4.3 The sharp-edged orifice assembly is specifically
designed for blowby flow rate measurement and shall be
fabricated in strict compliance with the specifications, that are Break in Dipstick Calibration Engine Start-Up to Step B
available from the TMC. The assembly contains five orificesengine speed Must reach 2490 rpm within 0.5 to 1.5
The 0.375-in. (9.53-mm) orifice is generally satisfactory for the min o
range of blowby flow rate encountered. The complete orificé"#"® PO"e" Must reach 335 = 0.5 bhp within 0.5 to
assembly can also be purchased from the supplier listed iail intet temperature 127 to 143°F at 7 min
Appendix X2. Additional details concerning fabrication of the

TABLE 5 Sequence VE Break-in Test Condition Ramping
Requirements

Rocker arm cover inlet temperature

Must reach 208°F within 25 min
flow rate measurement orifice assembly and measurement Gfo'" oUet temperatire O S i
blowby flow rate can be found in Footnote 14. >95°F at 2 min
9.3.4.4 Maintenance—Clean the blowby measurement ap- b25tt° 14?1"?86‘3‘0(;-5 "Tg+ -
paratus at least once every seven days. Replace the O-ring with ust reac me= 2mn
each cleaning. Exercise particular care when cleaning the Break In Step B to C
orifice meter assembly. Clean the three-way valve by soakingngine speed Must reach 775 rpm within 0.5 to 2.0
. . . . min
the valve in agitated organic solvent (see 7.7.3) until cleang,gine power Must reach 1 0.5 hp within 0.5 to 2.0
followed by hot [>140°F (>60°C)] water rinse and spray rinse min
with aliphatic naphtha. Use compressed air to force air-drying®il inlet temperature b“g tt° 177;5;;‘ ﬁ-? "1'3”+ -
ust reaci °F in 2 min
Inspeqt the port_ passages and_ remove any Carbonac_eo&ﬁ)lant outlet temperature 131 to 169°F at 3.5 min
deposits by scraping. If the valve is disassembled for cleaning, Must reach 117°F in 7 = 2 min
make sure the core is properly seated upon reassemblgocker arm cover inlet temperature i;gtg 1:‘ng at 6.5 min
. . . al min
(Warning—Internal leakage within the three-way valve may Must reach 87°F in 13 + 2 min
cause some of the blowby gas to pass directly to the intake
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TABLE 5 (M) Sequence VE Break-in Test Condition Ramping
Requirements (continued)

Break in Dipstick Calibration Engine Start-Up to Step B

Engine speed

Engine power

Oil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

Must reach 2490 r/min within 0.5 to 1.5

min
Must reach 25.0 = 0.37 kW within 0.5
to 2.0 min
52.8 to 61.7°C at 7 min
Must reach 97.8°C within 25 min
61.7 to 75.0°C at 8.5 min
Must reach 83.9°C in 13 = 2 min
>35.0°C at 2 min
51.7 to 62.8°C at 6.5 min
Must reach to 83.9°C in 13 = 2 min

Break In Step B to C

Engine speed

Engine power

Oil inlet temperature
Coolant outlet temperature

Rocker arm cover inlet temperature

Must reach 775 r/min within 0.5 to 2.0
min

Must reach 0.75 + 0.37 within 0.5 to
2.0 min

65.0 to 80.6°C at 6.5 min

Must reach 47.2°C in 13 = 2 min

55.0 to 76.1°C at 3.5 min

Must reach 47.2°C in 7 = 2 min

51.7 to 62.8°C at 6.5 min

>35.0°C at 10 min

Must reach 30.6°C in 13 = 2 min

for the flow rate sensitivity of the exhaust gas analysis meters.

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

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

9.6.3.2 Conduatesponsealibrations with the 0.5 and 15 %
nominal CO calibration gases. Use a solenoid valve to switch
between the calibration sample bottles (see Fig. A7.19). Con-
nect the solenoid valve directly to the longest sample line in the
CO measurement system. Make the connection where the
sample line would normally go onto the exhaust pipe. Use the
same sample flow rate for the calibration as that used for
transition trace recordings. The same trace recorder used for

closed-loop system maintains engine speed by varying dyngpe ransition trace recordings (see Fig. A7.18) is used for
mometer load and maintains engine load by varying the enging,|ipration. Show the solenoid switching voltage on one of the

throttle position.

trace recorder channels. The solenoid valve switches the

9.5.3 Calibration—Calibrate the load measurement andsample gas from the 0.5 to 15.0 to 0.5 % CO bottles at 40-s

readout system with deadweights at least once per teShieryals. For satisfactory calibration, the indicated CO % shall
Calibration of the zero scale readout is recommended once PBUplicate the actual 15 % CO bottle valde 0.3 % CO (see
day when the test stand is in use. Calibrate the speed measufgy A7.18).

ment system prior to each reference oil test.

9.6 Exhaust Gas
9.6.1 Equipment

9.6.1.1 Precision instruments for measurement gf @D,

9.6.3.3 If an UEGO sensor is used to determine CO values,
correlate the sensor voltage output every six months or after
1000 h of use, whichever occurs first, to CO levels at the
following conditions:

and NQ, are required. Equipment suitable for automobile .
L . .. . Speed 1500 = 10 r/min (157.1 = 1.05 rad/s)
emission measurements is recommended. Precision nondispgs 6+ 05 hp (45 + 04 kW)

sive infrared instrumentation for CO and polarographic instru-Engine coolant outlet temperature 150 = 2°F (65.6 = 1°C)

mentation for Q are suggested (see SAE J254). Response timgP 'evels at 4,6.5,10, and 15 %

is an important consideration in the performance of this |nstall the UEGO sensor to avoid obstruction of the exhaust
instrumentation. A CO meter capable of measuring CO from Gackpressure and air-fuel ratio probes. Where continuous air
to 20 % is also required, for determining CO values duringpurge is maintained on the air-fuel ratio probe, install the
Stage 2 to 3 and 3 to 1 transitions. An extended range air-fuglensor upstream of the exhaust backpressure and air fuel ratio
ratio (UGEOQ) sensor can also be used to determine CO valuqtﬁobes,

during transitions. To decrease the response time of the meter,9.7 Humidity—Measure humidity with the laboratory’s pri-

it is recommended that the CO meter or UGEO sensor benary humidity stream. Correct each reading for non-standard
mounted as close to the stand as possible or in a portablgarometric conditions, using the following equation:

installation. .
9.6.1.2 A typical exhaust gas analysis system is shown in Humidity (corrected = 4354 (Psat(Pbar-Psal) ®)

Fig. 3. The required instrument calibration gases are listed inyhere:
Note of Fig. A3.6, and system design details are specified inPsat = saturation pressure, in. Hg, and
Fig. A3.5 and Fig. A3.6. \Warning—Safety precautions are Pbar = barometric pressure, in. Hg.
necessary concerning venting carbon monoxide, nitrous oxide, Metric Units:
and ozone gases from the analyzer instr_ur_neriﬁa)rl(]ing_— Humidity (correctedl = 621.98X (PsafPbar—Psaf) (4)
Long sample lines and unnecessary fitting connections or
valves between the sample probe and the analyzer increase thenhere:
potential for measurement error.) Psat = saturation pressure, mm Hg, and
9.6.2 Calibration—GeneratCalibrate the exhaust gas Pbar = barometric pressure, mm Hg.
analysis equipment before each set of measurements taken9.7.1 Calibration—Calibrate the primary laboratory measur-
during the test. The calibration technique should compensatment system at each stand on a semiannual basis using a
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hygrometer with a minimum dew point accuracy ©f1°F at  the problem source. The TMC may solicit input from industry
60°F (£0.55° C at 16°C). Locate the sample tap on the airexpertise (other testing laboratories, the test sponsor, ASTM
supply line to the engine, between the main duct and 2 fifechnical Guidance Committee, Sequence VE Surveillance
upstream of the intake air horn. The calibration consists of &anel, Sequence VE Operations and Hardware Subpanel, and
series of paired humidity measurments comparing the laboraso forth) to help determine the cause and extent of a problem.
tory system with the calibration hygrometer. The comparisorindustry problems shall be adjudicated by the Sequence VE
period lasts from 20 minot2 h with measurements taken at 1 Surveillance Panel.
to 6 min intervals, for a total of 20 paired measurements. The 11.2.2 If the TMC determines the problem is a false alarm,
measurement interval shall be appropriate for the time constagind is stand related, there is no impact on non-reference tests
of the humidity measuring instruments. running in other stands within the laboratory. If the TMC
9.7.1.1 Verify that the flow rate is within the equipment determines the problem is laboratory related, non-reference
manufacturer's specification, and that the sample lines argsts run during the problem period shall be considered invalid,
non-hygroscopic. Correct dew point hygrometer measurementgless there is specific evidence to the contrary for each
to standard conditions (29.92 in. Hg [101.12 kPa]) using thendividual test.
appropriate equation (see 9.7). Compute the difference betweeny1 2.3 The TMC will reschedule a calibration test once it is
each pair of readings and calculate the mean and standagdtisfied that no particular problem exists or the problem has
deviation of the 20 paired readings, using equations Eq A13.been resolved. The laboratory shall provide adequate docu-
and Eq A13.2 in Annex A13. The absolute value of the meanmentation to support the conclusions reached during this
difference shall not exceed 10 grains/lb (1.43 g/kg) and thgyrocess. This documentation shall be attached to the acceptable
standard deviation shall not be greater than 5 grains/Ib (0.714alibration test report. It shall provide sufficient information to
g/kg). If these conditions are not met, investigate the causeshow how the problem related to other tests operated during the
make repairs, and recalibrate. Maintain calibration records fosame period of time.
two years. 11.3 Test Stand ModificatioarsReport modification of test
stand control systems or completion of any nonstandard test on
. _ ; ) ) L a calibrated stand to the TMC immediately. A nonstandard test
10.1 Timing Light—Use an inductive pickup timing light 10 jcjydes any test completed under a modified procedure
measure ignition timing. , _ requiring hardware or controller tuning modifications to the
10.2 Volumetric Graduates-Measure the test oil quantity, (est stand. The TMC will determine whether another calibra-

fresh and used, by volume. A16-0z (500-mL) (fluid) graduat€;yy, test js necessary after the modifications have been com-
is recommended for the small samples (2 to 10 0z [60 to 30Q|ateq.

mL]); this graduate shall have a resolution of 0.25 oz (7 mL)

(fluid). A large graduate, capable of transferring 124 oz (4 L) Ej 1R eiz[)eorlgfoﬁgsizcr?ﬁun;:: IIIIcilalibration tests are required
(fluid), is required, and it shall have a resolution of 1.0 0z (30 T 9 q

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

10. Miscellaneous Laboratory Equipment

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

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

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

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

11.2.1 It is recognized that a certain percentage of calibrathe letterA and continue alphabetically until a calibration test
tion tests will fall outside the acceptance limits because of thés completed within the acceptance limits. For example, if three
application of statistics in the development of the acceptanceonsecutive unacceptable calibration tests are completed on the
limits. Failure of a reference oil test to meet Shewhart orsame test stand, and the test number of the first t€&s0i475
exponentially weighted moving average (EWMA) precisionthe next two test numbers would BeD-175Aand6-0-175B If
control chart limits can be indicative of a false alarm or a standthe results of the next calibration test are acceptable, the test
laboratory, or industry problem. When this occurs, the laboranumber 6-0-175C would permanently identify the test and
tory in conjunction, with the TMC, shall attempt to determine appear on future correspondence. The completion of any
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amount of operational time on tests other than calibration testsystem and flush cart drains run clear.
will cause the test number to be increased by one. No letter 12.1.1.12 Close the cooling system and flush cart drains.
suffix will be added to the test number of tests other tharFill the engine and flush cart with tap water and circulate the
calibration tests. water throughout the engine until the water temperature
reaches 150- 10°F (66+ 6°C).

12.1.1.13 Isolate the flushing cart from the engine cooling

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

12.1.1.1 Use the following detailed procedure to flush the 151 1 14 Add the sodium carbonate at the rate of 0.05
engine (_:ooli_ng system (u_se afl_ushing cart similar to the deSiQBz/gaI (3.8 g/L) of water in the flush cart system. Add the
shown in Fig. 2). The c!rculatlng pump shall be capable ofq tralizer directly to the flushing water.
flowm_g cleanser nel_Jtrahzer and water at a rate of 2% 12.1.1.15 Allow the neutralizer to mix for 2 min in the flush
gal/min [95+ 19 L’”?'”]- Cal_lbrate the tempera_ture, flow rate, art. Open the inlet and outlet valves to the engine and close
and volume measuring equipment for the engine coolant flus e recirculation valve. Circulate the neutralizer through the
cart at least every six months at the operating temperature Q oling system at 25 5 gal/min (1.6 0.3 L/s) for 45 min

150°F [65.6°C]). while maintaining a temperature of 150 10°F (66 6°C
12.1.1.2 Isolate the hoses leading from the venturi meter to 121116 Draign the rF:eutraIizer from the (ennge cc))bling
the differential pressure sensor by closing the valves 0Eystem and the flush cart. Flush the engine cooling system and

rerln20\1|nlg3th§ hoses t"ﬁ the V.e”t“F:-d in olua. This all the flush cart with tap water at 25 5 gal/min (95= 19 L/min)
B emove the engine ol drain piug. This allows any, . y,e pH of the incoming and the outgoing water is the
accumulated build-up oil to drain. It also allows a way to

: ) . .~ same. The temperature of the tap water shall be below 100°F
determine the presence of any internal leaks while completmg43 7°C)

the flushing procedure.

12.1.1.4 Close the valve above the heat exchanger anfd 12.1.1.17 Dra|n_ the cooling system, remove one or more
. . . reeze plugs, and inspect the coolant jacket. The cylinder walls
isolate the coolant reservoir. This is necessary to prevent a los

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

tion of flushing material in the coolant reservoir. freeze plugs quickly to help prevent the coolant jackets from

12.1.1.5 Isolate the water pump bypass by disconnecting thrustmg. If deposits are still present in the coolant jacket, repeat

return hose from the intake manifold and routing it to the flushfzilz'll'i'ig'l;'ﬂ' t the flush cart and t the intak
cart tank (see Fig. A3.41). Plug the water pump bypass port, =<~ ISconnect the flush cart and reconnect the intake

(Warning—The flow rate through the intake manifold return manifold coolant return line to the water pump bypass port.
hose should be choked down to prevent excessive flow rat econnect the heat EXChanger outlet to the water pump !nlet.
through the intake manifold during flushing. This is a safety. harge the engine and RAC with premixed coolant (described

precaution and will not prevent adequate flushing of the intakd" 8.4.1) |mmed|ately 'FO prevent ru;tlng of the goolant Jaqket'
manifold.) 12.1.2 Initial Test Oil Charge—Reinstall the 0|I.pan drain
12.1.1.6 Connect the flush cart outlet hose to the wateP!ud and charge 124 1 oz (3.67+ 0.03 L) (fluid) of the
pump inlet. Connect the flush cart inlet hose to the engin&and'date te;t oil to the grankcase. )
coolant outlet from the heat exchanger. _12.1.3_En_g|ne Pre-Lubnc_ana—Rotate the_: oil pump clock-
12.1.1.7 Fill the engine and flush cart with tap waterWiS€ until oil pressure r_eglsters in the cylinder head gal_lery.
(demineralized or distilled water if the tap water has a highTum the cra_nks.haft a minimum of two full revolutions dunng_
mineral content). Circulate the water through the engine and'€ Pre-lubrication procedure to ensure that the camshaft is
flush cart to heat the water. Continue circulation and heatin§/€tted with test oil during the initial engine start-up (see 8.3.5).
until the water temperature reaches 150L0°F (66 + 6°C). 12.1.4 Engine Break-In Procedure
12.1.1.8 Isolate the flush cart from the engine cooling 12.1.4.1 The laboratory ambient atmosphere shall be rea-
system by opening the flush cart recirculation valve and closingonably free of contaminants. The temperature and humidity
the inlet and outlet valves. evel of the operating area are not specified. Divert air from
12.1.1.9 Add the oxalic acid (see 7.7.6) at the rate of Jans or ventilation systems away from the test engine.
oz/gal (23 g/L) of water in the flush cart system; add Petro 12.1.4.2 Prior to Step A of the break-in procedure, start the
Dispersant 425 (see 7.7.6) at the rate of 0.15 oz/gal (1 g/L)gngine and adjust timing to 28° BTDC at 750 r/min.

Add the cleanser directly to the flushing water. 12.1.4.3 During Step A (see Table 6 and Table 7), set the
12.1.1.10 Allow the oxalic acid to mix for 2 min in the flush ignition-timing at 28° BTDC and allow the oil and coolant
cart. Open the inlet and outlet valves to the engine, and closmperatures to reach 115°F (46°C). Adjust the fuel injector
the recirculation valve. Circulate the oxalic acid through thepulse width to provide 6.5 % CO maximum in the exhaust.

cooling system at a flow rate of 26 5 gal/min (1.6+= 0.3 L/s)  Bleed the air from the engine and RAC coolant systems.

for 45 min while maintaining a temperature of 15010°F (66 12.1.4.4 During Steps B and C (see Table 6 and Table 7), all

+ 6°C). parameters shall be controlled and recorded as normal test
12.1.1.11 Drain the cleanser from the engine cooling systertage 2 and Stage 3 conditions. Recorchalimal parameters

and the flush cart. Flush the system with tap water 25  in Steps B and C after operation for 35 min. In addition, record

gal/min, <100°F [95* 19 L/min, <43.7°C]) until the cooling fuel pressure and RAC coolant pressure during Steps B and C.

12. Procedure
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TABLE 6 Sequence VE Break-in Schedule 12.2.1 Engine Start-up-Use the following detailed proce-
Step dure each time the engine is startedVafning—Before
Conditions A 5 c starting the engine, be sure there is an adequate supply of
(Timing Run) cooling water to the exhaust marine manifold. Without coolant
Time per step (minutes) 10 40 40 flow, the marine manifold will overheat and sustain serious
Eﬁﬂfﬂvﬁ;ﬁ" (? mnme'g) 1(5)00 + 25 g(s)oo + 10 ?(5)0 +25 damage.)
Engme ,opad (bhg) 2+05 335+05 1+05 12.2.1.1 Turn on the ignition, safety circuits, fuel manage-
Water out (°F) 115: 185 + 2 115 + 2 ment system, fuel pump, and the RAC coolant pump.
Oil into engine (°F) 115 210 £ 2 115+ 2 fAi ;
RAC inlet (°F) g5A 185 - 2 g5 « o . 12.2.;.2 Set the fuel injector pulse width and connect the
RAC flow (gpm) 2+02 2+02 intake-air supply duct.
EA<|3 pressure ((ps_ig))B ;g max ;g max 12.2.1.3 Crank the engine. After the engine has started, the
uel pressure (psig 0 to : :
Exhaust gas CO (%) 65 max 0.4 max 65+ 05 puls_e width shou_ld be returned to the Stage 3 setting at the
Exhaust gas 0,(%) 111003, 0.7 max earliest opportunity.
+01 12.2.1.4 The fuel management, cranking, and throttle con-
A Target value. trol systems should be set up to allow the engine to start within

B Fuel pressure should be constant at steady state but within the given range. 10 s. Since spark ignition engines require a rich air-fuel ratio

during startup, a Stage 1 or Stage 2 pulse width is normally

TABLE 7 (M)Sequence VE Break-in Schedule necessary for hot and cold starts.

N Step 12.2.1.5 If starting difficulties are encountered, the labora-
Conditions A B c tory should not continue to crank the engine excessively.
(Timing Run) Perform diagnostics to determine the reason the engine will not
Time per step (minutes) 10 40 40 start (ignition problems, insufficient or excess fuel, and so
Cumulative time (minutes) 10 50 90 . . . ;i
Engine speed (rpm) 1500 + 25 2500 + 10 750 « 25 forth). (Warning—Excessive cranking times can promote
Engine load kW 1.50 = 0.37 25.00 + 0.37 0.75 = 0.37 additional fuel dilution of the test oil and increased engine
Water out °C 46.1° 85011 461=11 wear.) Warning—In addition to other precautions, do not
Oil into engine °C 46.1 989+ 1.1 46.1 £ 1.1 l . he i K ir h
RAC inlet °C 29,44 850+ 11 204+ 11 attempt to pour gasoline into the intake-air horn.)
RAC flow L/min 7.6 = 0.7 7.6 = 0.7 12.2.2 Engine Shutdown
Eﬁjgffiﬁ:j;ﬁ:s ‘;gégtg‘g% ‘;gé’tg‘g% 12.2.2.1 Scheduled Shutdown Procedur&ollow the pro-
Exhaust gas CO (%) 6.5 max 0.4 max 6.5+ 05 cedure detailed as follows each time a scheduled shutdown is
Exhaust gas O(%) 111003, 0.7 max performed. Scheduled shutdowns include shutdowns that occur
*01 during engine break-in and oil leveling:
A . . .
Target value. (a) Bring the engine speed to 750 r/min.

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

(b) Switch the ignition off.
Nore 9—The fuel N | (c) Reduce the intake-air pressure to atmospheric.
ore 9—The fuel pressure and the RAC coolant pressure are not 15 5 5 5 ynscheduled Engine ShutdowsFollow the pro-

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

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

and G in the exhaust.Warning—Prolonged operation at a ) gyjitch the ignition and RAC coolant pump off.
rich air-fuel ratio can cause excessive fuel dilution and alter (c) Reduce the intake-air pressure to atmospheric

test severity.) 12.2.3 Cyclic Schedule, General Description

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

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

12.1.6 Qil Filter Removal and Filter Dummy Installatien  enrichment between stages, can influence sludge and wear
After completion of Step C (see Table 6 and Table 7), shut theseverity. Therefore, ramping rates are very important. Plot
engine down (see 12.2.2). Remove the oil filter 20 min afteispeed, load (torque), exhaust gas, CO, andeWels during
stopping the engine. Install the oil filtetlummycap to the Transitions 2 to 3 and 3 to 1, as shown in Fig. A7.17. Record
remote filter housing. Check and record the oil lev®b not  these parameters once during test hours 12 through 48 for all
adjust the dipstickThis oil level check is provided to establish tests. If a stand calibration test is conducted, also record these
the level of fuel dilution present after the break-in and shouldparameters once during test hours 240 to 288. Format and
not be used for computing the overall test oil consumption. scaling shall conform to Fig. A7.17.

12.2 Engine Operating Procedure 12.2.4 Unscheduled DowntimeThe 30-min oil leveling
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periods are the only scheduled shutdown allowed during the (j) Position the three-way valve to divert intake manifold
test and are counted as test time. However, the test can lacuum to the engine PCV valve and disconnect the bleeder
interrupted to perform necessary maintenance (see 12.3.6). Alhe from the three-way valve.

unscheduled downtime shall be noted in the final test report. (k) Connect the air vent hose to the intake-air horn.

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

12.2.6 Resumption of Test Time After Unscheduled 12.3.3Ignition Timing MeasuremenrtMeasure and record
Shutdowr—-After an unscheduled shutdown, test time does not€ ignition timing at least once per two cycles in Stage 1, 2, or
begin until the engine has reached operating conditions. . ]

12.3 Periodic Measurements and Functions 12.3.4 Exhaust Gas Analysis

12.3.1 Data Logging—Measure and record all data, except 12-3-4.1 The recorded readings for exhaust gas CO gnd O
the specific parameters noted in this section, immediately prioq.ontent are taken in accordance with the instructions in 12.3.1.
to the midpoint and conclusion of Stage 1, the conclusion offoWever, the exhaust gas CO and, Content should be
Stage 2, and the conclusion of Stage 3. The format for the dafi€@sured immediately after the engine oil and coolant tem-

logs is shown in Annex A5. Special considerations concernin%’er""tur‘?S have reached steady-state conditions in each stage
computerized data acquisition are detailed in Annex A9. approximately 15 min into each stage). These data do not have
12.3.2 Blowby Flow Rate MeasuremeaMeasure and to be recorded. The data are used to adjust the fuel management

record the blowby flow rate during the second hour of Stage fyslfenr tof h?:]p eniuret the hen?ine is operated at the correct
of each cycle. The engine shall be stable at normal Stage al'rizljeg Ar,azloM roughou deac ‘Zaﬁe' fih h
operating conditions. Measure blowby when the gas tempera- =7 easure and record the N@ntent of the exhaust

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

o ; ; 12.3.5 PCV Valve ReplacemeniReplace the PCV valve at
(5.6°C). The installation of the blowby flow rate measurement _ : )
apparatus is shown in Fig. 7. The procedure for measuring® 96: 144, 192, and 240 h during the oil-leveling procedure

blowby flow rate is detailed in 12.3.2.1. Normally, only one sﬁee t12t.3.|6.3).. Retain the usiad PCV valves for possible
blowby flow rate measurement should be completed durin(j‘ 1653?2 (glogg'dn? measudreljner& S(j'l S i
each cycle. Additional blowby flow rate measurements are 2" : tions and Jsed LIl sampling

occasionally performed to determine or verify a problem with 12.3.6.1 The test procedure provides a forced rate of oil

the flow rate measurement apparatus or the engine. Recop&nsumptlon. Make oil agdltlons at 12-h mtervals: and.t_ake
sed oil samples at 24-h intervals. No other new oil additions

additional blowby flow rate measurements and an epranatioH . . ; " .
of the reason for the additional measurements. Include thed® permitted during the test. Used oil additions are permitted

data in the supplemental operational data in the final test repor%’.ﬂlg ﬂg&n%ifg%'gi%ﬁajﬁgrggm f%Lma'Pgﬁre]gSrC: i(ssedeetlazil.:(.jzézs).
12.3.2.1 Measurement Procedure pling p

() Open the bleeder valve completely. follows. The procedure is shown in a flowchart format on the

(b) Connect the bleeder line to the three-way valve. Oil Sampling, Addition and Leveling Worksheet in Fig. A5.1.

This form serves as the oil sampling and oil addition data sheet.
(c) Connect the hose from the blowby meter surge chamber 15 3 5 5| Sampling Procedure

to the 0.625-in. (15.9-mm) inside-diameter air vent hose on the (@) Pour 5 oz (150 mL) (fluid) of new oil in a beaker.

intake horn. Fifteen minutes after the engine has been switched to Stage 3,

(d) Position the three-way valve to divert intake manifold \amove a 5-0z (150-mL) (fluid) purge sample into the beaker
vacuum from the engine PCV valve to tdemmyPCV valve containing the new oil.

in the blowby measurement apparatus. (b)) Remove a 2-0z (60-mL) (fluid) analysis sample from
(e) Connect the apparatus pressure sensor to the dipstigke engine. Label the sample bottle for identification of test
tube. number, date, test hour, and oil code (see 13.7).
(f) Adjust the bleeder valve to maintain crankcase pressure at (¢) Return the 10-0z (300-mL) (fluid) composite of new oil
0.0x 0.1in. H,O (0 = 25 Pa). and purge oil to the engine at all sample hours except hour 288.
(9) Record the differential pressure, blowby gas temperaturetake precautions to prevent any oil loss.
and the barometric pressure. (d) Do not add new oil to the engine at hour 288. This

(h) Disconnect the apparatus pressure sensor and reconnediows the final drain to be used as a backup to the 288-h
the engine crankcase pressure sensor to the dipstick tube. sample.

(i) Disconnect the surge chamber hose from the air vent 12.3.6.3Oil Leveling Procedure
hose. (a) After the engine is switched to Stage 3, add 5 oz (150
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mL) (fluid) of new oil to the engine. 12.4.1.2 Low Blowby Flow Rate AdjustmertMake adjust-

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

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

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

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

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

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

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

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

12.3.7 General Maintenance-The 30-min scheduled shut- = 12-4.3 Engine Pre-Lubrication Prior to RestartPre-
down periods during oil leveling allow limited opportunity for lubricate the engine in accordance with 12.1.3 each time the oil

engine and stand maintenance. In addition, the test can be sHjfa’9¢ has been removed from the engine or when the length

down at any convenient time to perform unscheduled mainte?! the shutdown exceeds 8 h.

nance. However, the duration of a shutdown should be mini- 12-4.4 Engine Parts ReplacemerParts that are rated to

mized. Report any unscheduled shutdown on the Specigetermme the f!nal test results cannot be replaced during the
Maintenance Record. Report any attempts to restart the engi§@St- The following parts can be replaced if necessary (record
after stalling when resuming test conditions from a scheduled’® circumstances involved in the replacement): engine cam-
or unscheduled shutdown as additiosgrt attemptson the shaft drive belt, ignition system, PCV valve (see 12.5.5), seals
Supplemental Operational Data Form, Fig A7.5. and gaskets, valves or valve springs, fuel injectors, oil separa-

12.4 Special Maintenance ProceduresFunctions that re- ©F (PCV system), piston rings, and spark plugs. _
quire special maintenance procedures are listed in this section, 125 Diagnostic Data Review-This section outlines sig-
These maintenance procedures are specifically detailed bBificant characteristics of specific engine operating parameters.
cause of the effect on test validity or because they requird "€ parameters can directly influence the test or may be used
special care while being completed. to indicate normalcy of other parameters.

12.4.1 Blowby Flow Rate AdjustmentThe blowby flow 12.5.1 Intake Manifold Vacuum
rate can be adjusted if the cumulative average is projected to 12.5.1.1 Intake manifold vacuum is affected by several
drift outside the specified limits. Adjust the blowby flow rate factors, including engine load, air-fuel ratio, ignition timing,
by increasing or decreasing the size of the compression ringnd engine wear. As a result, it is not a specifically controlled
gaps. Only two ring gap adjustments (one rering and one regaparameter but is used to monitor the condition of the engine.
or two regaps) may be performed during one test. Measure and12.5.1.2 The intake manifold vacuum normally decreases
record the existing ring gap dimensions before enlarging théom Stage 1 to Stage 2, even though the engine speed, load,
gaps to calculate ring gap increase due to wear at the end of tlad lambda are the same. This is caused by the increased air
test. Install a new set of torque-to-yield cylinder head boltstemperature in the intake manifold reducing the density of the
when reassembling the engine after the blowby flow ratdntake-air charge. The intake manifold vacuum generally
adjustment. Specific limitations concerning high and lowincreases during the first few cycles of the test, as the engine
blowby flow rate adjustments are noted as followfsstuck  breaks-in. It may decrease toward the end of the test if the
rings are discovered during a rework, any corrective actionengine wears significantly. The target range offers adequate
such as freeing the stuck ring(s) shall be noted in the Specidlexibility to account for differences in engine builds and
Maintenance section of the final test report. Note whether th&arometric pressure. Operation outside of the target range
ring(s) are cold or hot stuck. suggests possible errors in load, ignition timing, exhaust gas

12.4.1.1High Blowby Flow Rate AdjustmentAn adjust- ~ composition, or combinations thereof.
ment for high blowby flow rate can be performed only once 12.5.2 Fuel Consumption Rate
and shall be completed during the first 48 h of the test. Reduce 12.5.2.1 The fuel consumption rate should remain relatively
high blowby flow rate by replacing the compression rings withconstant throughout the test. Like intake manifold vacuum, fuel
new rings that have smaller ring gaps. consumption rate is not a specifically controlled parameter but
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is used as a diagnostics tool. In addition, fuel consumption rateir leak in the sampling system (The high CO results from
and intake manifold vacuum relate to similar operating paramexcessive reduction of lambda to reduce thel€yel.); PCV
eters. valve that is excessively clogged; or a problem with the fuel
(a) High fuel consumption rate can promote excessivemanagement system.
cylinder bore, camshaft, and rocker arm wear. Maintain the 12.5.4.5 The presence of high,@evels and normal CO
fuel consumption rate below 18 Ib/h (8.2 kg/h) throughout thelevels is usually caused by a slight misfire or a leak in the
entire test. exhaust gas sampling or measurement system. The misfire can
12.5.2.2 The fuel consumption rate is normally greater inPe caused by a plugged fuel injector or an ignition problem.
Stage 1 than in Stage 2 even though the engine speed, load, and2.5.4.6 The VE test has been set up to produce signifi-
air-fuel ratio are the same. This is caused by the increasechntly elevated exhaust gas N@vels when compared to a
operating temperatures in Stage 2 that allow an increase iproduction engine. This raises the NiBvels in the blowby gas
engine efficiency and a decrease in brake specific fuel conand increases test severity. The Névels should be consistent
sumption (bsfc). Excessive fluctuation of the fuel consumptiorthroughout a test and relatively consistent from test-to-test.
rate at steady-state speed and load may indicate problems wiixhaust gas NQ levels are primarily a function of combustion
the fuel management or fuel delivery systems. temperatures. As a result, the N@uvels are influenced by
12.5.3 Spark Knock-Spark knock does not normally occur several factors. The cylinder head, camshaft, ignition timing,
in the VE test. The octane rating of the fuel, ignition timing, and lambda have strong effects on Névels. Load and engine
engine speed and load, and operating temperatures do neperating temperatures have a smaller effect. Accurate NO
promote spark knock. Spark knock indicates abnormal commeasurement is very sensitive to sample flow rate.
bustion is occurring and can cause extensive engine damage.12.5.5 Crankcase PressureCrankcase pressure is a func-
Take corrective action immediately if spark knock is noted.tion of blowby flow rate and PCV valve flow. High crankcase
Errors in the measurement and control of engine load, ignitiopressure is usually caused by high blowby flow rate or a
timing, operating temperatures, and air-fuel ratio may result irsignificant loss of PCV valve flow. Incorrect three-way valve
spark knock. plumbing or port plugging also promotes high crankcase
12.5.4 Exhaust Gas Component Levels pressure. Low or negative crankcase pressure may be caused
12.5.4.1 The CO, @ and NQ levels in the exhaust gas are PY low blowby flow rate or a restriction of vent air to the PCV
used to determine the characteristics of combustion that occiy@!Ve-
during the test. Use these three parameters in conjunction to 12.5.6 Oil Pressure
determine the normalcy of combustion and any significant 12.5.6.1 The oil pressure is a function of oil viscosity and
changes in combustion that occur throughout a particular teseperating temperature. The oil pressure will normally be
12.5.4.2 Exhaust gas content measurements of CO apd Qhighest in Stage 1 and lowest in Stage 3. The oil pressure
are used to ensure the engine is being operated at a specifigould remain consistent throughout the test, unless the oil
lambda during a specific stage. Measurements of CO and (&xhibits a significant increase in viscosity.
are used because a specific lambda measurement has not beeh2.5.6.2 An excessive oil pressure differential between the
developed, and a numeric value for each lambda has not be@amp output and engine gallery can indicate the presence of a
determined. The lambda for each stage was chosen to produggstriction in the external system or a large bearing clearance.
specific effects. During Stages 1 and 2, the engine is operatédh excessive oil pressure differential between the engine
at a lambda value greater than one (leaner than stoichiometricgallery and head gallery indicates the presence of a gallery
This causes the engine to be operated at a relatively flat portigi¢striction at the head gasket or an increased oil flow rate to the
of the NQ, versus Q curve, near the point of maximum NO  valve deck. When the engine gallery-to-head gallery differen-
During Stage 3, the engine is operated at a lambda value le§@! pressure is lower than normal, camshaft lobe orifice
than one (richer than stoichiometric). This helps dilute theplugging is indicated, causing a reduction in oil flow rate
crankcase oil with fuelThe presence of components other thanthrough the camshatt.
the component that is measured by a particular instrument can 12.5.7 Oil Temperature Differential-The oil temperature
influence the accuracy of the measurement. The laboratorglifferential is primarily a function of oil flow rate and oil
shall ensure the accuracy of the measurement of each specifitscosity and is normally stable throughout the test. The
component. differential can increase if the oil viscosity increases signifi-
12.5.4.3 Exhaust gas CO and Gontent are useful indica- cantly during the test.
tors of various combustion and exhaust gas sampling problems. 12.5.8 Coolant Temperature Differential The coolant tem-
Content (CO) increases relatively linearly with decreasingperature differential is primarily a function of the coolant flow
lambda (increasing richness), for lambda values less than onate and is normally stable throughout the test. Large variations
(richer than stoichiometric). Content g0increases relatively in the differential can be caused by coolant flow rate or
linearly with increasing lambdas for lambda values greater thatemperature measurement errors. Coolant flow rate measure-
one. ment errors can be caused by foreign objects in or near the
12.5.4.4 High CO levels indicate excess fuel is beingventuri flowmeter.
introduced into the engine, while low CO levels indicate too 12.6 End of Test Procedure
little fuel is being introduced into the engine. High or erratic 12.6.1 Engine Removat-Drain the engine and RAC cool-
CO levels can be caused by a variety of problems, including aant immediately after the completion of the last test cycle. Do
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not drain the engine oil. Remove the engine from the test stanfiuorescent tube for the cylinder wall varnish rating.
and allow the engine to standrfé h in thesame attitude in 13.2 Sludge Ratings
which it was positioned on the test stand. This allows the oilto 13.2.1 Rate the following parts for sludge deposits: RAC,
drain completely into the oil pan. valve deck, cylinder block, camshaft baffle, front seal housing,
12.6.2 Final Oil Drain and Engine DisassemblyDrain the  and oil pan. Use the rating locations identified on the rating
oil completely and disassemble the engine. During disassenworksheets (see Annex A6). Determine the ratings using the
bly, use extreme care to ensure the original location of the part®chniques detailed in CRC Manual No. 12. Adjust RAC
can be identified with respect to the cylinder number or valvesludge on candidate tests for laboratory severity in accordance
location, or both. with Annex A12.
12.6.3 Parts Layout for Rating 13.2.2 Average Sludge (Unweighted Average of All Six
12.6.3.1 Arrange the following parts in the parts rating areaParts).
in accordance with the layouts detailed in this section. A 13.2.2.1 Use the self-weighting procedure detailed as fol-
photograph of the parts layout is shown in Fig. A6.12. After thelows to determine the sludge rating for each part. Adjust the
parts have been arranged, allow the parts to drain a minimuraverage sludge on non-reference tests for laboratory severity in
of 4 h before rating. Do not attempt to accelerate or force theccordance with Annex A12.
oil draining. Any fixtures can be used to support the parts as (a) Determine the sludge depth at each of the sites shown
long as they orient the parts in the specified configurations. on rating worksheets. A site is defined as a 0.75-in. (19.1-mm)
12.6.3.2RACG—Position the RAC vertically (upper jacket diameter circle.
surface perpendicular to the ground) with the front of the RAC (b) Determine an interpolated sludge value for a designated
pointing down. site that exhibits more than one level of sludge depth within
12.6.3.3 Camshaft Baffle—Position the camshaft baffle ver- this area. This value is generated by multiplying each rated
tically (top baffle surface perpendicular to the ground) with thevalue’'s volume factor by the percentage of area covered,
rear of the camshaft baffle pointing down. totaling these volume factor percentages, and comparing the
12.6.3.4Cylinder Head—Position the cylinder head with total to the values given in Table 8 to determine the rating for
exhaust port surface pointing down. The exhaust manifoldhe site. As an example, if a site was determined to be 590 %
studs should be left in the head to raise the head off of thand 50 %E, the calculation would be: 50 % of the average
supporting surface and allow drainage. sludge depth factor foA (or 1.0), plus 50 % of the average
12.6.3.5Front Seal Housing-Position the front seal hous- sludge depth factor for E (or 16.0); that is:
ing in the same orientation as it is installed in the engine.  ([0.5 X 1.0 =0.5] + [0.5X 16.0 = 8] = 8.5), and the calculated
12.6.3.6 Oil Pan—Position the oil pan upside down, at a site sludge depth would bela In the event that there are areas
45° angle, with sump end pointing down. where it is apparent that deposits had formed, but are no longer
12.6.3.70il Screen and Pickup TubePosition the oil adhering to the part, the rating site is the closest point to the
screen and pickup tube in the same orientation as it is installedesignated point that will eliminate the voided area from the
in the engine. The screen should be raised off of the supporting.75-in. (19.1-mm) rating area.
surface to allow drainage. A fixture is necessary to support the (c) Add the total rating checks made for each line on the

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

13. Interpretation of Results ten or five, respectively (refer tcc)), to obtain the percent

' covered by the rated sludge depth. The grand total shall equal

13.1 Parts Rating Area—Environment 100 %.

13.1.1 Ensure that the ambient atmosphere of the parts (e) Convert the percent covered by the rated sludge depth at
rating area is reasonably free of contaminants, and that thgach location to a volume factor using the procedure shown in
temperature is maintained at 25 5°F (24 £ 3°C). When a CRC Manual No. 12.
rater seeks advice from another rater, report the rating as a(f) Add the volume factors on each line to determine the
consensus rating in the final report. Do not use raters fronotal volume factor. Use CRC Manual No. 12 to convert the
outside sources (other laboratories) for consensus ratings aggtal volume factor to the sludge merit rating.
do not average these ratings. Include independent ratings in the
supplemental pages as information only.

13.1.2 Rate all engine parts except the pistons, RAC, and TABLE 8 Average Sludge Site Ratings
cylinder block under cool white fluorescent lighting exhibiting ot site Rat ot Site
approximately 4500 K color temperature, and an illumination o e raings o Ratings
level of 350 to 500 fc (3800 to 5400 Ix). All background and <o.125 Clean =3.500<6.000 c
adjacent surfaces shall be flat white. igéiﬁ p 8-222 542 i‘li-zogg p ;i-gg E

13.1.3 Rate pistons and RACs against a white backgroundy gy < o'g75 - ~24.00 < 48.00 E
using white fluorescent bulbs and a 100 % white deflector=0.875 < 1.250 A >48.00 < 96.00 G
Maintain the illumination level between 350 and 600 fc (3800?1328 p ;-ggg QB ii’g-zog p ;gi-g T
to 6500 Ix), and measure the illumination level 14 in. (360 mm)_5 s, < 3 500 BC ~384.0 ' J

from the desk top. Provide a 15-W bore light with a cool white
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13.2.2.2 Flaky, Bubbly Sludge Deposits Since the occur- 13.4.2 Oil Ring Clogging—Determine the percentage of
rence of flaky, bubbly sludge deposits is thought to have a&lot clogging for each oil ring in accordance with the procedure
possible detrimental effect on long-term engine lubricationdetailed in CRC Manual No. 12. Calculate and record the
system performance, document the occurrence of this type @verage clogging for all four rings.
deposit in the Supplemental Operational Data section of the 13.4.3 PCV Valve Clogging-Determine the percent clog-
Final Test Report. The type of information to be recorded is thejing of the PCV valve that is used during the last 48 h of the
engine part(s) where this type of deposit was observedest, in accordance with the following procedure:
Suggested wording is as follows: Approximately 6 % of the 13.4.3.1 Measure the PCV valve flow rate at differential
RAC was found to exhibit flaky, bubbly sludge deposits. pressures from 8 and 18 in. Hg (13.5 and 60.8 kPa). Calculate
13.3 Varnish Ratings the percent clogging in accordance with the following equa-
13.3.1 Preparation of Parts—Rate the following parts for tion:
varnish deposits: piston skirts, camshaft baffle, oil pan, rocker |—F
arm cover, and cylinder walls. Perform the varnish ratings after PCV valve clogging, %= —— X 100 (6)
the sludge ratings are completed. The rating locations and
dimensions shall conform with the locations and dimensionswWhere:
detailed on the rating worksheets (see Annex A6). Avoid! = initial flow rate, and

disturbing sludge deposits when the parts are being preparefi = final flow rate.
for varnish ratings. Heavy sludge can be removed from a 13.4.3.2 If any of the PCV valves have been replaced before

varnish rating area with a 1-in. (25-mm) rubber spatula prior tghe scheduled replacement interval, calculate and report the

wiping. Wipe all parts firmly with wiping materials specified in PCV valve cI_ogglng for all of the PCV va!ves. Report the

CRC Manual No. 14. Firmly rub all wiping areas in the samePercent clogging of the last valve on the Ratings and Measure-

direction until the surface is dry and free of sludge (until noMents Page. B _ _

more deposit is present on the wiping material after wiping). 13-4-4 Camshaft Lobe Orifice Cloggirg Determine the
13.3.2 Average Varnish (Unweighted Average of the First c@mshaft lobe orifice clogging with the camshaft lobe orifice

Five Partsy—Use the procedure detailed as follows to deter-1OW rate device (see 7.5.3 and Figs. A3.32 and A3.33) in
accordance with the following procedure:

mine the varnish rating of each part:
13.3.2.1 Rate any areas where varnish deposits have been13'4‘4'1 Connect the apparatus to a source of compressed
altered during disassembly or sludge removal in accordanc®"

with deposits on the surrounding non-altered areas. Do not rate 13'4'4'2. Adll.JSt the two pressure regulators until the probe
altered areas asiean pressure is 10 in. water (2.5 kPa).

. . . . 13.4.4.3 Calibrate the apparatus by measuring the flow rate
13.3.2.2 Determine varnish ratings of all parts except pis- . :
tons by comparison of the deposit on the rating location wit Wwhen the probe pressure is 16:00.2 in. water (2.43+ 0.05

color chips. The piston photographs shown in CRC Manua Pa) and the probe is firmly seated in the calibration lobe

: : : ifice (clean orifice) with the probe pressure adjusted to 10.0
No. 14 shall be used to determine the varnish ratings on thgrrI )
pistons. * 0.2 in. water (2.49+ 0.05 kPa). Record the flow rate as

13.3.2.3 Determine the average varnish rating over eacﬁaseline Flow Raten the rating worksheet.
e T . 9 ating -~ 13.4.4.4 Firmly seat the probe in each lobe hole, adjust the
area specified in the rating worksheets. Adjust piston skirt

varnish ratings on all tests completed after May 1, 1993, b robe pressure to 16 0.2 in. water (2.4%= 0.05 kPa), and
ecord the flow rate.

adding 0.15 to the average piston varnish rating. Adjust piston
skirt varnish ratings on candidate tests for laboratory severit¥. 13.'4'4'5 Calculate.and record ?he perce'nt f_IOW rate reduc-
ion in accordance with the following equation:

in accordance with Annex A12.
13.3.2.4 Determine the average varnish rating of the entire
part.
13.4 Clogging where:
13.4.1 Oil Screen Clogging-Determine the percentage of | = initial flow rate, and
the total screen opening that is obstructed with sludge and= = final flow rate.
debris. 13.4.4.6 Record the number of clogged camshaft lobe ori-
13.4.1.1 Flexible, transparent rating aids can be made fdices. Clogged orifices are defined as orifices having a flow rate
different surface areas so that when compared to the teséduction greater than 80 %.
screen’s surface, a more accurate determination of surface 13.5 Sticking
clogging is possible. These are made of thin, colored transpar- 13.5.1 Compression RingsRecord the number of stuck
ent plastic cut into circles equivalent in area to 20, 10, and 5 %eompression rings. Definitions to classify the degree and type
(1.5,1.125, and 0.75in. [38.1, 28.6, and 19.1 mm] in diameterpf sticking are detailed in Section 3. List only hot stuck
respectively) of the 9.5 iA(6130 mn?) flow surface. compression rings on the Ratings and Measurements Summary
13.4.1.2 If there is any question concerning whether thepage. Denote hot or cold stuck rings on the Supplementary
screen is covered with oil or sludge, blow lightly on the screerOperational Data page and include the ring location (top or
(see CRC Manual No. 12). Note an analysis of depositsecond) and the piston number.
identified as debris in the Supplemental Operational Data. 13.5.2 Hydraulic Lifter Plungers—Record the number of

I-F
camshaft lobe orifice flow rate reduction,%l— X100 (7)
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hydraulic lifter plungers that are completely stuck in the lashcm X 3.2 mm) SS; and the packing material is 5% OV-1 on
adjuster bodies. Note partially stuck plungers on the finalChromosorb W HP.
engine inspection sheet. 13.7.2.5 Increase the oven temperature from 60 to 320°C,
13.6 Wear Measurements with the rate of change of temperature controlled at 8°C/min.
13.6.1 Camshaft Lobe WearMeasure and record the heel- Hold the temperature at 320°C for 16 min to elude oil.
to-toe measurement of each camshatft lobe at the maximum lift 13.7.3 Insolubles—Perform the following analysis on the
point using a device reading directly in micrometres, with anused oil samples from Hours 108, 204, and 288: pentane
accuracy of at least3 um. Calculate the wear based on theinsolubles. (See Test Method D 893B, pentane only.)
before-test measurements. 13.7.4 Substitute SamplesSamples from hours 36, 132,
Note 11—The + 0.14 adjustment replaces the + 0.24 adjustment. Doand 2.28 Can_ be substituted .If the sample f_rom the previous
not apply both adjustments. sampling period has_ been misplaced (see Fig. A7.9).
] 13.8 Other Deposits
13.6.1.1 For reference oil tests completed on or after May 13 g.1 Piston Undercrowna-Determine the deposit rating of
16, 1996, add 1.451 to thetransformed average cam wear res'ﬂl,l‘e piston undercrown by comparison of the deposit on the
and 1.693 to the transformed maximum cam wear result. U”“ﬂating location with CRC Induction System Rating Technique
a reference oil test is conducted on or after May 16, 1996, d@gntained in CRC Manual No. 16. Rate any areas where
not add 1.451 and 1.693 to average and maximum cam Wegeposits have been altered by disassembly in accordance with
severity in accordance with Annex A12. areas as clean. Identify the percentage of altered area on Fig.
13.6.2 Rocker Arm WearWash the rocker arms with a715
aliphatic naphtha. Wash the rocker arms with ethyl acetate and 13 g 2 Ring Land Deposits-Determine the deposit rating
allow the rocker arms to air dry. Weigh the rocker arms andyf the ring land faces on all four pistons for each land type:
13.6.3 Connecting Rod Bearing WeatWash the bearings ings), and the oil ring land (area directly above the oil ring) by
in aliphatic naphtha. Dip the bearings in pentane and allow thgomparison of the deposit on the rating location with color
weight loss based on the before-test measurements. Thghpendix A.51). Average the results for each land type from
bearing weight loss is the total loss for two halves of eacheach of the four pistons. Rate deposits that are less than 1.0
bearing. ) merits using two levels of carbon, heavy carbon, and light
13.6.4 Piston Ring Gap IncreaseClean the ring ends carbon. Heavy carbon is carbon that has more buildup when
thoroughly and measure the ring gap after the rings have begfbmpared with adjacent surfaces and has a polished or rubbed
installed in the block (see 7.8, 11.2). Calculate the ring gaRinish. Assign a merit value of 0.0 to areas of heavy carbon.
increase. Compensate for any ring gap adjustments madgate all other deposits as light carbon and assign a merit value
during the test. of 0.75 to those areas. Rate any areas where deposits have been
13.6.5 Cylinder Bore Wea+Measure the transverse bore gjtered by disassembly in accordance with deposits on the
wear at the top, middle, and bottom of the second compressiofjacent non-altered areas. Do not rate altered areas as clean.

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

wear based on the before-test versus after-test measurementd. Assessment of Test Validity
13.7 Used Oil Analysis 14.1 The testing laboratory shall assess the validity of tests
13.7.1 Perform the following analyses on the used oilthat have deviations from the procedure. The TMC will assist
samples from hours 0 (new oil), 12, 108, 204, and 288: Irorthe laboratory in the determination of calibration test validity,
content, ppm; copper content, ppm; silicon content, ppm; anif requested by the laboratory. Use the following guidelines as
kinematic viscosity at 40°C, cSt (in accordance with Testa basis for determining test validity:
Method D 445). 14.2 Average Exhaust Gas NQevels—The average NQ
13.7.2 Fuel Dilution—Determine the fuel dilution, percent level during a test should be within 600 ppm of the overall
mass, by gas chromatography (see Test Method D 3525, wittumulative calibration test average for the laboratory. The
the following modifications) on the used oil samples fromcumulative calibration test average is the average N@el of
hours 12, 108, 204, and 288: the last ten calibration tests. Significantly lower N@vels
13.7.2.1 Use C16 in place of C14 for the internal standarctould cause a reduction in sludge severity.
(1-L injector volume). 14.3 Used Oil Analyses—Interpretation
13.7.2.2 Presume that all components lighter than C16 are 14.3.1 lron and Copper ContertThe iron and copper
fuel. content of the used oil samples can indicate the level of wear
13.7.2.3 The integrator should establish a horizontal basehat occurs during a test. Increased camshaft, rocker arm, and
line under the output curve until the leading edge of C16 iscylinder bore wear causes the iron content to increase. High
reached. Establish a second baseline extending horizontallgvels of iron may also increase sludge severity. The rate of
from the output curve, at the intersection of the output curvechange in iron levels indicates the rate of change of wear
and the leading edge of the C16 peak. levels, although wear tends to be linear throughout the test.
13.7.2.4 Column details are 10 ft by 0.125 in. (305Copper levels tend to be relatively stable unless excessively
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high levels of connecting-rod bearing weight loss are experi- iTM T,
DP= >
enced. i:1|:

14.3.2 Silicon Content-Silicon content indicates the level
of contamination of the oil from external sources and silicone-
based sealers. Silicone-based sealers are used near the regar
crankshaft seal housing to seal the oil pan. Investigate the "
presence of silicone-based sealers, the cleanliness of engi
parts during build-up, the cleanliness of the intake-air, and ther

] X 100 8)

where:

= deviation, %,

= magnitude of test-parameter deviation from specifi-
cation limit at occurrence

test parameter specification range,

length of time that test parameter was outside of

Cl_eanli_ness of contai_n_ers used for dis_pensing and sampling the' specification range at occurrenige

oil if high levels of silicone are experienced. n = number of times that a test parameter deviated from
14.3.3 Fuel Dilution—Fuel dilution indicates the degree to test specification limits, and

which the crankcase oil has been diluted with fuel. FuelD = length of test-phase duration in same unitsTas

dilution of the crankcase oil is necessary to achieve adequate
test severity. However, excessive fuel dilution may promote
increased wear and sludge severity. The reproducibility of fuel'
dilution tends to be poor. Therefore, fuel dilution levels should 14.10 Invalidate any tests exceeding the following deviation
only be compared to other results obtained from the samBercentages:

Note 12—T; is assumed to be no less than the recorded-data-
cquisition frequency unless supplemental readings are documented.

analytical laboratory, using the same analytical equipment and  Primary test parameter 2.5%
technique. Investigate a higher level of fuel dilution than is Secondary test parameter 50%
normally noted. 14.10.1 Primary Parameters

14.4 Blowby Flow Rate

14.4.1 The corrected average blowby flow rate shall fallrrimary Parameters Divisor (D)
within the range from 1.75 to 2.25 cfm (0.83 to 1.06 L/s). In Q! inlet temperature 288

.. . . . Coolant outlet temperature 288

addition, the requirements listed in 14.3.2 shall also be met. 1jming 288

14.4.2 Between 48 and 192 h, a maximum of twelveExhaustgas oxygen (Stages | and II) 234

corrected blowby flow rate readings may be greater than 2 25Maust gas CO (Stage li) 48

cfm (1.06 L/s). Between 48 and 192 h, the summation of the 14.10.2 Secondary Parameters
deltas (delta = [corrected reading in cfm] - 2.25) of blowby

flow rate readings above 2.25 cfm are not to exceed 1.2. N@econdary Parameters Divisor (D)
more than 16 of the corrected blowby flow rate readings can bgﬂgi“e Speed ggg

. . ower
less tha_n 1.75 cfm (0'83 L/S) durlng the first 192 h. TheRocker arm cover coolant flow rate (Stages | and IlI) 198
summation of the deltas (delta = 1.75 — [corrected cfm]) Ofexhaust back pressure (Stages I and Il) 234

blowby flow ratg readings below 1.75 cfm (0.83 L/s) are not to 14.10.3 Special—For tests started prior to September 1,

exceed 1.6 during the first 192 h. _ 1992, invalidate the test if the deviation percentage for either
~14.5 Intake Manifold Vacuur+-Depending upon an indi- gngine coolant flow rate or rocker arm cover inlet coolant

vidual laboratory, intake manifold vacuum will vary in accor- temperatures exceeds 5.0 %. For tests started on or after

dance with the altitude of the laboratory, ambient barometricsentember 1, 1992, invalidate the test if the deviation percent-
pressure, and the mechanical efficiency of the engine. Laborgyye for either parameter exceeds 2.5 %.

tories should investigate intake manifold vacuum readings that™14 10 4 Special Parameters
are abnormal for their laboratory. Abnormal readings can be
due to measurement errors in manifold vacuum, engine build,

. . . Special Parameters Divisor (D)
exhaust back pressure, engine speed, engine load, and air-fuel  coojant flow rate 144
ratio. Rocker arm cover inlet 288

14.6 Fuel Consumption RateThe fuel consumption rate  14.11 Mid Specification Operatioa-For all tests started on
should not exceed 18 Ib/h (8.2 kg/s) at any time during the teskr after September 1, 1992, invalidate the test if the average of

14.7 Oil Consumptior-The final oil level cannot be lower steady state operating data for a controlled, primary parameter
than 12 oz (360 mL) (fluid) during the first 192 h of the test.is offset from the target mean by more than 12.5 % of the
Use engineering judgment concerning test invalidation if theallowable control range. For tests started on or after March 30,
oil level is lower than 12 oz (360 mL) during the remainder of 1992, list in the test report any parameters that fall outside of
the test. these limits.

14.8 Shutdowns-The number of shutdowns are to be mini- Example: Temperature specification is 16@°
mized. Under no circumstances is the number of shutdowns to
exceed twelve, exclusive of shutdowns for blowby flow rate o
adjustments and scheduled oil level shutdowns. Length of Secondary: Average must be within 1801.0°
downtime is to be minimized, and under no circumstances is 14.11.1 Primary Parameters
the total length of downtime to exceed 100 h.

14.9 Deviation Percentage-Calculate the deviation per- Primary Parameters Stage/Range
centage in accordance with the following equation: Oil inlet temperature (°F) Stage 1 155 + 0.5

Primary: Average must be within 106 0.5°
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Stage 2 210 + 0.5 If adjustments are needed to bring the transition into conform-
| | Stage 3 115 = 0.5 ance with the requirements of Table 4, include a plot conducted
° + . . . .
Coolant outlet temperature (°F) Stage 1125 + 0.5 after the adjustment, showing conformance to Table 4 criteria.

Stage 2 185 *+ 0.5 o :
Stage 3 115 = 0.5 Where additional plots are required, the last plot may be taken

through test hour 64.
15.3.20 Ring adjustment summary, includes cylinder bore
wear (Fig. A7.20),

14.11.2 Secondary Parameters

Engine specd Gy o stage L2900 5 15.3.21 Deviation percentage summary (Fig. A7.21),

Stage 3 750+ 12.5 15.3.22 Mid limit specification summary (Fig. A7.22),
Power (bhp) g:gg : and 2 3i-gf g-gg 15.3.23 Engine operational and special maintenance data
Rocker arm cover coolant flow rate (gpm) Stage 1and3 2:0; O:l Iog (Fig- A7-4)-

15.4 Calibration Test Repo#t-Include the following sec-

14.12 Stage Transitions-Invalidate any test that does not tions in the calibration test report. Begin each section on a new
meet the speed, torque, CO, and @lues listed in Table 4 Page and insert the sections in the following order:

during transition from Stage 2 to 3 and Stage 3 to 1. 15.4.1 Title page (includes validity statement—Fig. A7.1),
15.4.2 Calibration test ratings and measurements summary
15. Report (Fig. A7.3),

15.1 Report Format-The various required sections and +2-4-3 Operational summary (Fig. A7.4),

specific details concerning the format of the report are outlined 1544 Supp]emenFaI operational data-(F|g. AT7.5),

in this section. Examples of each section are shown in Annex 19-4-5 Special maintenance record (Fig. A7.6),

A5 and Annex A7. Deviations in the format are generally not 19-4.6 Oil analyses (Fig. A7.7),

permitted. However, deviations in nomenclature and other 1°-4.7 Valve train inspection detail (Fig. A7.8),

details may be permitted. Any desired deviations shall be 15.4.8 Piston skirt varnish rating breakdown (Fig. A7.9),
approved by the TMC. Calibration data for particular reference 15.4.9 Corrected blowby flow rate plot (Fig. A7.10),

oils are available from the TMC. 15.4.10 Oil addition record (Flg A?ll),

15.2 Special Forms for Automated Data Acquisitien 15.4.11 Origin of significant engine parts (Fig. A7.12),
Automated data acquisition systems may require the use of 15.4.12 Characteristics of the data acquisition system (Fig.
forms that differ from those shown in Annex A5 and Annex A7. A7.13),

Variations in forms for automated data acquisition systems 15.4.13 Rocker arm cover and camshaft baffle photographs
shall be approved by the TMC. (Fig. A7.14),

15.3 Standard Repo#t-Include the following sectionsinthe ~ 15.4.14 Oil pan and screen photographs (Fig. A7.15),
standard test report. Begin each section on a new page and15.4.15 Piston skirt photographs (Fig. A7.16),
insert the sections in the following order: 15.4.16 Camshaft lobe photographs (Fig. A7.17),

15.3.1 Title page (includes validity statement—Fig. A7.1), 15.4.17 Front seal housing photographs (Fig. A7.18),

15.3.2 Ratings and measurements summary (Fig. A7.2), 15.4.18 Report speed, torque, and exhaust gas CO output

15.3.3 Calibration test ratings and measurements summaguring transition, including limits in Table 4 (in accordance

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

15.3.9 Piston skirt varnish rating breakdown (Fig. A7.9), Where additional plots are required, the last plot may be taken
15.3.10 Corrected blowby flow rate plot (Fig. A7.10), through test hour 64.
15.3.11 Oil addition record (Fig. A7.11), 15.4.19 Ring adjustment summary, includes cylinder bore
15.3.12 Origin of significant engine parts (Fig. A7.12),  wear (Fig. A7.20),
15.3.13 Characteristics of the data acquisition system (Fig. 15.4.20 Deviation percentage summary (Fig. A7.21),
A7.13), 15.4.21 Mid limit specification summary (Fig. A7.22),
15.3.14 RAC and camshaft baffle photographs (Fig. A7.14), 15.4.22 Engine operational and special maintenance data
15.3.15 Oil pan and screen photographs (Fig. A7.15), log (Fig. A7.4, Fig. A7.5, and Fig. A7.6).
15.3.16 Piston skirt photographs (Fig. A7.16), 15.5 Photographs-The required photographs are listed in
15.3.17 Camshaft lobe photographs (Fig. A7.17), this section and shown in Fig. A7.14 through Fig. A7.18. These
15.3.18 Front seal housing photographs (Fig. A7.18), figures depict the headings and the recommended orientation of
15.3.19 Report speed, torque, and exhaust gas CO outplite photographs. Digital images, comparable in pictorial qual-
during transition, including limits in Table 4 (in accordance ity to photographs, may be used instead of photographs.
with 12.2.3.2) in the format of Fig. A7.19. Take data during test 15.5.1 RAC,
hours 12 through 48. Include copies of the transition plots from 15.5.2 Front seal housing,
the previous stand reference test with each candidate test run.15.5.3 Camshaft baffle,
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15.5.4 Oil pick-up screen, industry volunteers, and reported to the ASTM Sequence VE
15.5.5 Qil pan, Test Method Surveillance Panel.
15.5.6 Average and worst piston, anti-thrust sides, 16.1.1.2 The statistical criteria summarized in Table 9
15.5.7 Average and worst piston, thrust sides, represents the estimate Bfeproducibility based on 250 df
15.5.8 Best camshaft lobe (lowest wear), obtained over the period of April 1, 1992, through September
15.5.9 Worst camshaft lobe (highest wear), and 30, 1994, for the various required engine deposit and wear
15.5.10 Best and worst camshaft follower (lowest andperformance parameters. This reasonably long time period was
highest wear). selected as being representative of a consistent period of test
o ] operation. (If a potential user has a desire to know what the
16. Precision and Bias most recent precision data are for non-reference oils, the TMC
16.1 Precision can provide this information by consulting the appropriate

16.1.1 Non-Reference Oils-To aid the potential user of this Sequence VE Surveillance Panel meeting minutes.)
test method to assess the variability that can be expected 16.1.1.3 Reproducibility (R}-The difference between two
between test results when the test method is used in one single and independent results obtained on the same oil by
more reasonably competent laboratories, the precision infodifferent operators working in different laboratories would, in
mation in Table 9 has been developed: the long run, in the normal and correct conduct of the test

16.1.1.1 The non-reference oil precision for this test methodnethod, exceed the values in Table 9 in only one case in
is determined by the statistical analysis of sets of datdwenty.
submitted by users of the test method. Each set of data consists16.1.1.4 No similar estimate of non-reference Ripeat-
of two or more engine test results, obtained on the same engirability is available with this test method since the number of
oil formulation. Each data set may be from tests run in thenon-reference oil tests repeated in the same engine, test stand,
same laboratory or different laboratories, and with any apand laboratory are limited. An estimate of curr®epeatability
proved fuel batch. The data are collected and analyzed b contained in the statistical reference oil data base maintained
by the TMC.

16.1.2 Reference Oils-The TMC uses the precision infor-
mation developed from frequent tests on several reference oils
to help those laboratories conducting the test method maintain

TABLE 9 Non-reference Oil Precision Statistics A

Measured Units

Reproducibility®

Variable

S5 ° RPD consistent test severity. These precision data are updated
Average engine varnish, merits 0.35 0.98 regularly and are available upon request from the TMC. The
Average piston varnish, merits 0.25 0.70

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

Transformed Units
Reproducibility®

Variable s.c =0 All.
A ET— 0';6 o 16.2 Bias—Bias is determined by applying an accepted
verage engine siude, — In (9.6o-merits, . . s g . .
Rocker cover sludge, - In (9.65-merits) 0.51 143 statistical technique to reference oil test results, and when a
Average cam wear, — (mils) 0.71 1.60 significant bias is determined, a severity adjustment is permit-
Maximum cam wear, In (mils) 1.02 2.86 ted for non-reference oil test results (see 13.2.1, 13.3.2.3, and
A These statistics are based on non-reference oil test results obtained over the Annex A]_Z)_

period of April 1992 through September 1994.
B Reproducibility values refer to tests run on the same oil in different laborato-

ries. 17. Keywords

ESO: fr‘]a”gar,d d?:"a‘tion- one. the diff o abeolute value. between 17.1 lubricating oils; Sequence VE; sludge and varnish;
n the basis of test error alone, the difference, in absolute value, between two s . . .

test results will be expected to exceed this value about 5 % of the time. This value Sp{irk'lgmtlon automotive engine; stop-and-go service; valve
is obtained by multiplying the reproducibility standard deviation ( Sg) by 2.8. train wear
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ANNEXES
(Mandatory Information)

Al. SPECIAL SERVICE TOOLS FOR THE TEST ENGINE

Al.1 See Table Al1.1.

TABLE Al.1 Special Service Tools for the Test Engine

Tool Number Description

T74P-6000LA 2.3 L service tool kit

T74P-6015-A engine plug replacer

T74P-6019-B front cover alignment tool

T68P-6135-A piston pin remover/replacer

T74P-6136-A crankshaft timing gear remover/adapter

T74P-6150-A camshaft and auxiliary shaft seal replacer

T71P-6250-A camshaft bearing replacer

T74P-6254-A camshaft belt tension adjusting tool

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

T59L-100-B slide hammer

T74P-6375-A flyway holding tool

T74P-6565-A valve spring compressor

T73P-6571-A valve seal installer

T79P-6634-A pressure diagnostic gage

T74P-6700-B front cover seal remover

T82L-6701-A crankshaft seal installer

D79L-6731-B oil filter wrench

T71P-7137-C pilot bearing replacer

T71P-7137-H clutch aligner

T77L-9533-B jet plug remover/small

T58L-101-A puller attachment

T74P-6306-A crankshaft timing gear tool

T74P-6312-A crankshaft damper remover

A2. EXTERNAL OIL HEAT EXCHANGER CLEANING TECHNIQUE

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

A2.4 Ri he h h ith aliphati htha.
A2.2 Flush the shell side of the heat exchanger with an nse the heat exchanger with aliphatic naphtha

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

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

solvent.

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

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

o

TEMPERATURE PROBE
/4" PIPE-DRILL & TAP
PROBE LOCATED
MDSTREAM

2578

—
« [T

[M BIAGS

i
-

$/a* DIA
DRILL THRY'

s'z

A|2
—= l

&

AIR PRESSURE |
1y PIPE-DRILL
& TAP. PROBE
POINTED
UPSTREAM
CENTERED.

- @

FIG. A3.2 Typical Test Stand, Right Forward View
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[ 2V x 47 PVC
SCHEDULE 40

FRESH AR

2" PIPE

DRILL & TAP

FIG. A3.4 Intake Air Horn

27 SCHEOULE 40 PVC
32 Lo

=y
3

NG

2'72" x 2 SCHEDULE
40 PVC REDUCER
BUSHING

22" PLUG
SCHEDULE 40
Q e

)

L
2'/2" SCHEDULE 40
PVC TEE

(511D x 511D x 511D



PROBE DETAIL

.25" STEEL TUBING

BEND 90° AS

125" DRILL THRU'
5 HOLES AS SHOWN

WELD 2 GRIND
HEMISPHERICAL

SHOWN

1

200"

25125 |25 | 25

EXHAUST BACK-PRESSURE PROBE
T

200" STEEL PIPE

S007 LoNG \
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FLANGE DETAL
FLOWMETER{

MALE QUICK
ISCONNE
DISCONNECT CONDENSER

Ao
FANRREN

PARTICULATE  FLow
FILTER

. Y ONTROL
- ~. ~~ W “ VALVE

= PUMP
o |ICE OR \
, | REFRIGERATED
BATH X

WATER  BYPASS
TRAP (OPTIONAL)

NOx
ANALYZER

375" DRILL
THRU" 3

02
HOLES Eq ANALYZER ANALYZER

SPACED ON 350"
BOLY CIRCLE

FROM ENGINE

05% CO IN Ny

MAKE FROM 257 STEEL PLATE

INDUSTRIAL OXYGEN
4000-5000 ppm NOx
10% 02 N Np
05% 07 IN Nz
65% CO IN Ny

ASSEMBLY

BYPASS
(OPTIONAL)

CALIBRATION GASES

SWAGELOCK 5-400-1-8
MALE CONNECTOR OR
EQUIVALENT DRILL BODY
025" THRY"

-—

Note 1—A typical exhaust gas analysis system is shown in Fig. A3.6.
The condenser can use an ice bath or mechanical refrigeration. Ice bath

IN]

NI

[ 05" BLACK IRON

PIPE UNION

EXHAUST FLOW

condensers should use a coil fabricated from 0.25-in. (0.64-cm) stainless
NOTE . PROGE ¢ To steel tubing and provide sufficient cooling to condense moisture at a dew
E COINCIDENT WITH

075" DRILL

EXHAUST GAS
SAMPLE PROBE ~

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

operation.

FIG. A3.5 Exhaust Gas Sample Probe, Exhaust Back Pressure
Probe and Flange Assembly

275°40.257]

7 PIPE € point of 34°F (1°C). Mechanical refrigeration should provide control of
2 the bath temperature to 34 2°F (1 = 1°C). The flow rate of engine
exhaust and calibration gases should be identical and within the specifi-
cations of the instrumentation. An air-conditioned chamber for instrumen-
if ambient temperatures are above the maximum
ecommended for the particular instrumentation used.
tainless steel fittings are preferred throughout the analysis system.
Aluminum fittings may cause erroneous NO, and ultimately, K&adings.
Brass fittings should not be used in the analysis system. The porosity of
the particulate filter should be between 2 and 10 um. A diaphragm-type
pump is recommended to reduce pump “hang W¥arning—Safety
precautions are necessary concerning venting CO, NO, and ozone gases
from the analyzer instruments.
Note 2—Require Calibration Gases:
Nominal 5000 ppm NQ balance N
Nominal 6.5 % CO, balance N
Nominal 0.5 % CO, balance N
Nominal 1.0 % Q, balance N
Nominal 0.5 % Q, balance N
Optional Zero Standard Gas:
N , for NO,, O,, and CO analyzers
Note 3—If the optional zero standard gases are not used to zero the
analyzers, the CO calibration gases can be used to zero tla@alyzer,
the O, calibration gases can be used to zero the CO analyzer, and bottled
air can be used to zero the N@nalyzer.
FIG. A3.6 Exhaust Gas Analysis System
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THERMOSTAT HOUSING WITH TEMPERATURE SENSOR
SEE A3.12 FOR DETALS

SIGHT GLASS

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

OPTIONAL TEMPERATURE CONTROL SENSOR

FLUSHING ISOLATION VALVE

FABRICATED COOLANT RESERVOR

CONSTANT FULL EXPANSION TANK

@O0 OOO6 O

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

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

@ PROCESS WATER SUPPLY
ISHELL SIDE)

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

@ ENGINE WATER PUMP.

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

@ AR BLEED VALVE
(7" NEEDLE VALVE}

@ COOLANT SYSTEM DRAIN VALVE

® HEATER RETURN HOSE CONNECTION
AT PUMP INLET.

@ /v 159 mm) 10, HOSE

@ ENGINE COOLANT (TUBE SIDE)

€D PRESSURIZE COOLING SYSTEM TO
104/ 1 PSIG

FRONT VIEW OF ENGINE

Note 1—Observe temperature sensor locations in thermostat housing
and at water pump inlet.
NoTte 2—See X2.
FIG. A3.7 Typical Engine Cooling System Schematic

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

SEE DETAIL VERTICALLY MOQUNTED
© ITT STANDARD KEAT
EXCHANGER

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

PROCESS WATER INLET ITUBESIDE}
TOP OF HEAT EXCHANGER

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

PROCESS WATER RETURN

SEE OETAL B QD

>

SEE DETAL ® ®

@ OR FLTER SANDWICH PLATE
OUMMY CAP WITH TEMPERATURE

#8 AEROOUP W SENSOR AND OiL PRESSURE

HOSE WITH GAGE TAPSA

STRAIGHT FITTING

OR EQUIVALENT (@ RUSSELL REMOTE OIL FLTER
ADAPTER HOUSING

17 x /1" ADAPTER P/N 5178 OR $179
{ALTERNATE HAND)OR BOWDEN
ADAPTOR

@ TEMPERATURE SENSOR O ouT
© TEMPERATURE CONTROL

/1" CLOSE NIPPLE SENSOR OR N
/1 ELBOW (3 Ol SAMPLE VALVE
NOTE : EXTERNAL SYSTEM ORL
#8 AEROQUIP HOSE VOLUME 18 + 3 oz,
TEMPERATURE WITH STRAIGHT FITTING 1532 3 887 )
SENSOR OR EQUIVALENT BOWDEN ADAPTOR OR
My w RUSSELL REMOTE
rox ' ADAPTER FLTER ADAPTER

P/N 5178 OR
H
DETAL ® 28 90°

FIG. A3.8 Typical Engine Cooling System, Venturi Flowmeter

/1" CLOSE
NFPLE

/3" CROSS

3
AEROQUP HOS! On FLTER

AMP
s LE vALVE OR EOUNALENT.

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

FIG. A3.10 Oil Cooling System Specification
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FIG. A3.11 Oil Cooling System Required Heat Exchanger
Mounting, Remote Qil Filter Mounting and Typical Hoses and
Fittings

FIG. A3.12 Qil Cooling System Remote Oil Filter Fitted for
Break-In

b D 5302

FIG. A3.13 Oil Cooling System, Adapter Housing at Engine with
Typical Fittings for Temperature Sensor, Pressure Taps, Dipstick
Tube, and Oil Fill Tube

¥/s" CROSS GAGE OR
SENSOR

)
TEMPERATURE
/ SENSOR
n
| TO PRESSURE

Uy x W

/ ADAPTER
S

T %/4" CLOSE NPPLE

3/g" 1D HOSE

ROCKER ARM ——
COVER

ROCKER ARM COVER
OQUTLET FITTINGS

ROCKER ARM COVER

/8" CLOSE ———— ]
NIPPLE

35" PIPE

3/s" ELBOW 3/s" 1D. HOSE

FIG. A3.14 Rocker Arm Cover Required Fittings and Sensor
Locations
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PCV VALVE [MOTORCRAFT SEE DETAIL A
EV-778 WITH FACTORY
ELBOW FITTING

9" 1D REINFORCED
TRANSPARENT HOSE
S/¢" 1D _REINFORCED

TRANSPARENT HOSE h
~
B A
SEE DETAL B
™~ §1380

Y 7 \
CONDENSATE TRAP_,U -
INORGREN FO7-100MITA)

'y FULL FLOW STAINLESS
STEEL BALL VALVE

a7 1D REINFORCED HOSE

SEE DETAL D

FRONT ViEW

Mo [CONDENSATE Vi 1EE AR HORN
REWFORLED [TRAP NORGREN

TRANSPARENT F07-100MTA

HOSE

My NPPLE

‘v ELBOW

DETAL 8
oL
HOSE CLI®
e 1 N §
UPPER ENGINE MANIFOLD REINFORCED.
— =t
” = ]
0SE —1 5
»5 90 nose cue] 3 3
AEROOUP ELBOW 5 AN 1
OR EQUIVALENT Uy w M NPT
ADAPTER ¥ NPT
MPPLE
x 27 LONG
DETAL D
bEta e ROCKER ARM COVER

FIG. A3.15 Closed Crankcase Ventilation System, Required

Fittings and Parts Configuration
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0.62 DIA x 0.065 WALL

119

0.50

i T P00
5 [“dJr “ s il
i
¥ = i
0.75 DIA f é) é @
x 0.065 WALL 0.12

150 x 6.00 LG. SCH 40
BLACK PIPE 15-115 NPT TO FIT GAGE

131 DIA

6.00

12.38

OIL_SEPARATOR

ASSEMBLY NOTE WELDED CONSTRUCTION. ALL WELDS TO BE LIQUID TIGHT.
- BREAK SHARP EDGES.
BT OF ATERAT 062 DIA MED DIAMOND KNURL 173 DIA TO DEPT.
\ TEM|REQD[DESCRIPTION PART NoJMANU__|| THRU' 162\ 100 SHOWN 90° C'SK
1 2 [O-RING VITON 2-D10 PARKER 0.03 x 45° : : TO 191 DIA. 150-
7 INNER BAFFLE CHAM. L PLA 15 NPT, TO FIT
3 QUTER SHELL \ GAGE
L ADAPTER )
< h
5 [ 1 02520 x 250 LG ok -
HEX. HD. SCREW : =-—d
6 | 2 [0.25 FLAT WASHER > ]
7 [ 1 (02520 HEX. NUT] ) - I_ 5o
o,
188
106 2.00 162 2.25 DIA.
-——
DIA. 438
TO DEPTH SHOWN - ADAPTER
FLAT BOTTOM -
ITEM|REQD| DESCRIPTION
7 ] 1 150 DIA_ZINC PLATED CONCAVE
EXPANSION PLUG AU-VE-CO P/N 3948
Z | 1 038 GD x 0043 WALL x 175 LG
STEEL TUBING.
INNER BAFFLE 3 |1 |162 DIA. ZINC PLATED CONCAVE
EXPANSION PLUG AU-VE-CO P/N 3943
038 DIA. x 0049 WALL L |1 |050 DIA x 612 LG C1018 CRS.
0.50 DIA.

TACK 2 PLA\

s

150

150 DIA

EA. SIDE

0.31

/ 009V

T‘EDJ

162 DIA.

TACK 2 PLA\
TYP /0.09/0.38

FIG. A3.16 Fabricated Oil Separator for Engine Ventilation System
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144 DIA. THRU*

588 REF /4 HOLES
0Lt 500 &y m &/

2 .
149 166 / 036 DIA. THRU'

R4
<

)
davd
P a vt | ===
N U\
8 025 R =
2 < 025R 2 -
°
(NN 2
= T 1, I T Y et
O r————— | F===S
0.4 R 3
4L PLACES 044 369 e MATERIAL
6061-T6 ALUMINIUM
456

FIG. A3.20 Intake Manifold Spacer

INTAKE MANIFOLD,

VACUUM SENSOR AND
H FUEL PRESSURE REGULATOR
CONNECTION PORT

! ~$~
By

$ REMOVE EGR VALVE
AND PLUG HOLE

CoMECTION PORT SENSOR AND
FIG. A3.17 Engine Ventilation System NN Pluo rote

REMOVE ACT SENSOR
AND PLUG HOLE

/8" x 5/s" ADAPTER
RYPASS HOSF FITTING

FIG. A3.21 Intake Manifold Modifications

INJECTOR PULSE WIDTH
(TO CLOCK)

SET POINT
BANK 1
STAGE >
JDENTIFICATION | \iCROPROCESSOR g NECTOR INJECTOR |—3m{ ENGINE f-———3m EXHAUST
PP IN;E[E;ER BANK 2 *
s WIDTH

FIG. A3.22 Schematic Drawing of Open-Loop Fuel Management
System

FIG. A3.18 Engine Ventilation System, Three-Way Valve

INJECTOR PULSE WIDTH

(TO CLOCK)
REMOVE AIR BYPASS PIPE SET POINT
AND PLUG HOLE
BANK 1
STAGE -
REMOVE PIPE IDENTIFICATION IJECTOR o
'AND PLUG HOLE —————————»| MICROPROCESSOR o R INJECTOR |—3m| ENGINE - EXHAUST
OPTIONAL THROTTLE PP INJECTOR > GAS
POSITION
POTENTIOMETER SIGNAL C]l:‘[;‘?fl BANK2
NGK SENSOR
oR
EXHAUST GAS
ANALYSIS

FIG. A3.23 Schematic Drawing of Closed-Loop Fuel Management
System

REMOVE PIPE
REMOVE OUTER THROTTLE
SHAFT SEALS AND PLUG HOL

FIG. A3.19 Throttle Body Modifications
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\ 38-18 NPT 1.00-11.5 NPT

COOLANT PORT —, BREATHER PORT-\
\\
\ 1 = L +
| ' i I — R T T
I 0 %3
S = N A\\ ”‘
R \ 00115 NPT \-coOUANT PORT
— 0.20" {Smm} INSPECTION PORT
4197 (10.6¢cm)
1250” (317em) ‘OEM FORD VALVE COVER
SIDE VIEW 16.69" |42 4cm) \ 104
FINISHED PART 17 09" (43.4cm)
183" H
14 6¢ml
REF TOP VIEW FINISHED PART
Iy i ;
1 \ ‘ i
i : :
g N 1 ] A N R R PART NO. BXS500-1
: ] — L Note 1—Dimensions: inches (outside of parentheses)—millimetres
2 Y\ (inside of parentheses).
e N K ORLL 03¢t a7mm) FIG. A3.26 Heated and Cooled Rocker Cover Modification
0.188" (4 8mm) N
PR s Wb 51 bveLonen
I@Eﬂ gl "NEAG A SeR WIDTH = 6.00 /
PUSH FIT OR
HOLD DOWN SCREW 4 REQD SCREWED CAP
FIG. A3.24 Camshaft Baffle Fabrication
S N o SFeel Moee — T
. 2%/
:
N f
WELD ALL —_—
r AROUND WELD E 3/5" NPT ADAPTER
/s FULL FLOW
STAINLESS STEEL
v BALL VALVE
e U g
WELD ALL T~ z
AROUND &
=
130° ‘ ~
{APPROX.)
6 /%"
/8" 1D. BLACK IRON
OR STAINLESS STEEL
6" DIA
LOCKNUT
"
—
r_"fﬁé‘ 16 GA STEEL /o NPT,
l/P FLAT BOTTOM OVERLAP
;T-L P 't ONTO SIDE
~ FIG. A3.27 Typical Crankcase Oil Fill Tube and Cap
R Q'
=
) r

Note 1—Tin plate all over by electroplating to a thickness of 0.0005 in.

(0.013 mm).
FIG. A3.25 Modified Engine Oil Pan
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'/ - 20 THREADED
ROD

2 EA ' - 2D
SELF LOCKNG
NUTS

WELDED —

/%" DIA. ~mf

10"

FULL MARK SHOU
/scmszu COMPLE
AROUND DIPSTICK

INDENTED AREA -
" T

FIG. A3.28 Typical Adjustable Dipstick Fabrication

Bmm
—
SAWCUT TO SUIT
SCREWDRIVER Mig x 15mm
BLADE THREAD
<
/ t
R . E|
J E
@2
10mm
L0mm

FIG. A3.29 Oil Pressure Relief Valve Adjuster
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110 vAC M”' '

20 [7) e

19 - T«ﬁ@

18 L: S a
o L /@
i4

NOTE 1 - DAYTON DC MOTOR MODEL 22846
IS SUGGESTED (Xhp ® 2500 rpm, rpm 0-2500, FRAME
56/56C, DAYTON ELECTRIC MFG. CO. CHICAGO,
ILL. 60648)

NOTE 2 INVALCO MODEL W3/0750 IS SUGGESTED,
1-13gpm, 13, C-E INVALCO, COMBUSTION ENGINEER-
ING INC., P. 0. BOX 556, TULSA, OKLAHOMA, 74101.

NOTE 3-ORIFICE 1S 0.180 £ 0.0005in.(4.572 £ 0.013mm)
dia, % in. (6.4 mm) DEEP, MACHINED FROM BRASS

NOTE 4- TO ELIMINATE AERATION THE OIL IS
RETURNED TO A SEPARATE COMPARTMENT VIA
THE % in. ID TUBING. THE OIL RETURNS TO THE
PICK-UP COMPARTMENT VIA THE HOLES INDICATED.
A TRANSPARENT SECTION IN THE DISCHARGE
TUBE IS HELPFUL IN IDENTIFYING EXCESSIVE
AERATION

NOTE 5- OPERATING CONDITIONS: SPEED 1250 2 10 rpm.
TEMPERATURE 125 2 5°F (51.7 £ 2.8°C), FLOW
RATE 6.6 0.1 gpm (0.416 2 0.006 dm*/8 AT
602 1 psi (413.72 6.8 kPa).

NOTE 6 - PURCHASE AVAILABILITY:
SEEX2'5 ,X2-14

@ MOTOR CONTROLLER WITH SPEED ADJUSTMENT

@ PERMANENT MAGNET VARIABLE SPEED DC MOTOR
(SEE NOTE 1).

@ MOTOR AND PUMP MOUNTING PEDESTAL

@ 60 TOOTH SPEED PICK-UP ASSEMBLY.

@ RELIEF VALVE ADJUSTER.

@ OIL PICK-UP TUBE MOUNTED TO THE OIL PUMP.
@ OIL LEVEL.

% in (12.7 mm) 1D DISCHARGE TUBE.

@ SUMP DISCHARGE COMPARTMENT.

OIL RETURN HOLE 1:in 125 4 mm) DIA 2 PLACES.
@ PICK-UP COMPARTMENT OF SUMP ASSEMBLY.
@ BASE OF MOTOR AND PUMP MOUNTING PEDESTAL.
@SECTIONED VIEW OF SUMP ASSEMBLY.

@ 110v IMMERSION HEATER

@ THERMOMETER

TEMPERATURE CONTROL FOR HEATER.

@ %* PIPE TO %" TUBING UNION.

TURBINE FLOW METER (OPTIONAL) (SEE NOTE 2)

@ OiL PRESSURE GAGE1% ACCURACY, 1 psi
RESOLUTION (6.9 kPa).

%' TEE FITTING WITH 0 180 in ORIFICE THREADED
IN LOWER BRANCH, WITH PLUG IN UPPER BRANCH
(SEE NOTE 3)

Schedule 40 A.S.A. Pipe Dimensions

[e]°) D
NPT nominal In mm n mm
Y% 840 1an .364 9.24
v 840 2.3 .622 15.80

FIG. A3.30 Oil Pump Calibration Apparatus

FIG. A3.31 Oil Pump Calibration Apparatus
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@ MAIN AIR SUPPLY SHUT-OFF VALVE
@ CONNECTING HOSE

@ HIGH PRESSURE REGULATOR
FISHER #GTFRE-78 SUGGESTED'
@© LOW PRESSURE REGULATOR

MOORE 40-2 NULLMATIC
14870-281 SUGGESTED?

(® WATER COLUMN MANOMETER
0-20 1n {0-5.0 kPa)

® SUPPORTING BACKBOARD.

@ LOW CALIBRATION CAM QRIFICE

{PARTIALLY PLUGGED!

Note 1—Available from Fisher Controls, Marshalltown, lowa 50158.
Note 2— Available from Moore Products Co., Springhouse, PA 19477.

® HIGH CALIBRATION CAM ORIFICE
(NEW CAM LOBE)

@ FLOW ROTOMETER
BROOKS SHO-RATE WITH TUBE

R-2-15-C AND SAPHIRE BALL,

5003 SCCM, # 1355CBICTAAA IS
SUGGESTED?

@ CONNECTING HOSE, /% in 1D (7.9 mm)

@ ELBOW FITTING SOLDERED INTO SIDE
OF PUSH ROD AS PRESSURE TAP.

@ ORIFICE PROBE, 302 FORD PUSH ROD
WITH BALL END MACHINED TO FORM
PROBE POINT AS SHOWN IN THE
DETAL INSET.

(3 NEEDLE VALVE (VENT TO ALLOW
IMPRGVED REGULATOR RESPONSE!

2 BASE SUPPORT PLATE.

b D 5302

DIFFERENTIAL
VACUUM
ADJUSTMENT
VALVE

VACUUM
———
I e B S
I Vac
J—
LEAK-TIGHT % 30" MERCURY
TEST PART g MANOMETER
X
MOUNT &
J—
T Press.
INLET AR *
FLOWMETER
(ORIFICE,
VENTURI OR
DRY GAS
METER ETC)
AMBIENT J

ATMOSPHERE

FIG. A3.34 PCV Valve Flow Test Apparatus

NoTe 3—Available from Brooks Instrument, Div. Emerson Electric

Co., Hatfield, PA 19440.

FIG. A3.32 Camshaft Lobe Flow Rating Apparatus

FIG. A3.33 Typical Camshaft Lobe Flow Rating Apparatus

FIG. A3.35 Typical PCV Valve Flow Test Stand
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REAMED TO 06875

(17 462 mm)
2 PLACES
\.{D Fa
053" (135 mm)
DiA HOLE
(TYP}
A\ /‘N/ 8 PLACES
3857 19779 cml
| DIA (TYP)
4 PLACES
Fany Faa M
{BOTH SIDES) 3|
_ N WV N
E| N ' 3
N N
3 g
@ E H
Wl e Jd 7
S [
3 = 5
ol & . , ol
ol 2 Pany A o
R o
B : ¢ ¢ o
=l e ' . = in
o Zlo &
S Sl S
=3 52
—a
N b
5 inla
Bl S
cls Sl=
4 N
T S
[ i
A 0875~ 975" 11305 me
gl 222 cm) " THICK MIN
Cl= 1,275 (70 em] MILE STEEL
5625”114 28 cm)
FIG. A3.36 Cylinder Block Stress Plate
250" DIA
(635 mm)
430" DIA
110.24 mm)
3765" DIA
19563 mm)
TYPICAL
HANDLE ASSY
1AS DESIRED)
Qf=2 =p |
2 £
E w|
b
= ©
pul
y g
o
] [ H ! ]
T
! 1
i I %
| I £
I | o
I i
| ! 8
: 1 l
! ! Y

TOLERANCES : + 0.005" {0.13 mm}

MATERIAL : ALUMINUM

FIG. A3.37 Piston Ring Positioner
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125" (318 cm)

— =) t —
E 075" (19 mm) ;P‘A%
E PLATE PLUS 005"
= (13 mm) CRUSHED HEAD
S GASKET
o) .
157 mm)
T E|
HE
MEES
EAI=
E| &
o =l
2l 8
2l 8
_V‘ SIZE SLOT TO SUIT
BORE MICROMETER
E
£
IS
2
&
o
2
2
. (925 mm)
MATERIAL : BRASS OR - * DIMENSION ASSUMES PRE-STRESS
STEEL SHEET PLATE THICKNESS OF 075" (1905 mm)

AND USE OF CRUSHED GASKET
BENEATH PLATE

FIG. A3.38 Positioning Ladder for Bore Micrometer
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)

&

SANOWICH PLATE
- PT NO SH3 /s
OR PART NUMBER BX-670°

AN

SANDWICH PLATE

FILTER DUMMY WITH SECURWS ;DAPTER
woR £T N, EB:
;i:m‘l\lli HEN or BXE70) curen
MOUNTING
st

) )

\ ‘0" RING SEAL

FIG. A3.39 Madified Oil Filter Sandwich Plate With Dummy Filter

2%/s" O1A
/s DA /37" A/F HEX BAR

WITH /8" DIA. SPIGOT O |
g .
1 NPT___] / L e

S AN q

*
i A - .
= L1880 1 —F l -
- - B/ piA MIN. RAD. &
2 DA
2%%" DIA

8 HOLES /s DIA. ON
/2 P.CD. EQUI-SPACED
AS SHOWN

HOLE %" UNF.
6 TPl

FIG. A3.40 Dummy Filter

A g,
FIG. A3.41 Engine Cooling System Flushing Cart

Tool Number Description Tool Number Description
T74P-6000LA 2.3 litre Service Tool Kit T74P-6375-A Flywheei Holding Tool
T74P-6015-A Engine Plug Replacer T74P-6565-A Valve Spring Compressor
T74P-6019-B Front Cover Alignment Tool T73P-6571-A Valve Seal Installer
T68P-6135-A Piston Pin Remover/Replacer  T79P-6634-A Pressure Diagnostic Gauge
T74P-6136-A Crankshaft Timing Gear T74P-6700-B Front Cover Seal Remover

Remover/Adapter T82L-6701-A Crankshaft Seal Installer
T74P-6150-A Camshaft and Aux. Shaft

Seal Replacer D79L-6731-B Qil Filter Wrench
T71P-6250-A Camshaft Bearing Replacer T71P-7137-C Pilot Bearing Replacer
T74P-6254-A Camshaft Belt Tension T71P-7137-H Clutch Aligner

Adjusting Tool T77L-9533-B Jet Plug Remover/Small
T74P-6256-B Camshaft and Aux. Shaft TS8L-101-A Puller Atachment

Glide Hammer Sprocket Tool ~ T74P-6306-A Crankshaft Timing Gear Tool
T59L-100-B Slide Hammer T74P-6312-A Crankshaft Damper Remover

FIG. A3.42 Special Service Tools for the Ford 2.3-L Engine
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ToP
PIP SIGNAL
O
O
+12vDC O
u]
IGNITION GROUND. 0

FIG. A3.43 Schematic Diagram of Ignition Module Connector

TO DRIVER OUT

TAN/RED DOT

iNJECTOR 2 INJECTOR 3

°
m TAN/ORANGE DOT
o o

TO DRIVER OUT
INJECTOR 1 INJECTOR 4
RED

+12V
FROM INJECTOR DRIVER

FIG. A3.44 Schematic Diagram of Injector Wiring Harness

50+
o
o
k-4
> 30r INJECTOR
W OPENS
(<]
g 20p
3 INJECTOR
g of CLOSES
“FLYBACK" VOLTAGE
TO DISSIPATE ENERGY
ot IN THE INJECTOR COIL
le————— PULSEWIDTH — .|
) L . . L A . . . .
0 2 ) 6 8

TIME, ms

FIG. A3.45 Typical Ford EEC-IV Pulse Width
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FIG. A3.46 Locating the Dial Indicator for Cylinder Head Calibration

3/4” DIA. HOLE
EXTENSION 1S
TO UNDER-CUT
THE CAMSHAFT
TOWER

EI S

r1/8
1
THE BOTIOM OF THE OIL

:VALVE COVER RAIL
ﬁ o i RETURN HOLE IS TO BE
. - ‘ - C FLAT AND PERPENDICULAR
TO THE AXIS OF THE DRILL
= Q o o) f‘ e b

EXTEND 3/4" om HOLE TO A DEPTH OF —
s 3.65" FROM BOTTOM OF CYLINDER HEAD BOTTOM OF CYLINDER HEAD 1V

e
OIL DRAIN HOLES ARE TO

| " BE SPOTFACED 4#Z DA,

x 1/4" DEEP. HOLES ARE
7O BE MADE PERPENDICULAR
TO THE BOTTOM OF THE
CYLINDER HEAD AND ARE

TO BE MATCHED TO THE

— — - = FACTORY HEAD GASKET.
EXISTING OIL RETURN HOLESW

EXISTING ONL RETURN HOLES

ARE TO BE REDRILLED USEING

A 37/64" DIA. CORE DRILL. THE DRILL
IS TO FOLLOW THE ORIGINAL

FACTORY ANGLE (11°) AND IS

TO STOP 1/8" FROM THE TOP

FIG. A3.47 Cylinder Head Modifications
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2.3L DUAL PLUG
DIS WIRING SCHEMATIC
<

KOTE CONNECTORS ARE SKOWN (OORING INTO WIRING i

CRANKSHAFT

rxess.

LEFT COIL

AIGHT COIL

Wiring Harness

FIG. A3.48 Madifications to Distributorless Ignition System

A4. ENGINE PART NUMBER LISTING

A4.1 See Table A4.1 and Table A4.2.

TABLE A4.1 1987 ASTM Sequence VE Engine Kit

TABLE A4.1 Continued

Number
Per Kit

Part Name

Engineering
Part Number

8

Number Engineerin
Per Kit Part Name Par? Numbgr g
1 Short Block Assembly F17E-6009-BA 2
1 Bare Block Assembly E97E-6010-BA 20
4 Gasket—Front Cover E89E-6020-AB 48
4 Cylinder Head Assembly F27E-6049-A11A 1
8 Gasket—Cylinder Head E89E-6059-D5A 1
1 Cover Front E89E-6059-AC 4
2 Kit Piston Ring 0.15 mm oversize E9JL-6148-AB 1
2 Kit Piston Ring 0.45 mm oversize E9JL-6148-BB 32
32 Connecting Rod Bearing D42E-6211-AA 1
4 Camshaft Assembly E59E-6251-DA 1
4 Belt Timing E5RE-6268-A2A 1
1 Washer—Camshaft Sprocket D42E-6278-AA 1
28 Main Bearings E97E-6333-AA 1
1 Crankshaft E89E-6303-AB 4
12 Main Bearings—Blue E97E-6333-BA 4
4 Upper Thrust Bearing E97E-6333-BA 8
20 Valve—Exhaust E43E-6505-B2A 8
20 Valve—Intake E79E-6507-A2A 1
8 Spring—Valve E7JL-6513-AA 4
8 Retainer—Valve Spring E43E-6514-AC 16
32 Key—Valve Spring Retainer DOAE-6518-B3 1
32 Rocker Arm D8EE-6564-A1A 1
8 Gasket—Rocker Arm Cover FOZE-6584-ACA 1
4 Pump Assembly—Oil E59E-6621-BC 8
4 Pickup Tube Screen and Cover E59E-6622-BA 16
4 Gasket—Oil Pump Tube E8ZE-6625-AA 2
16 Seal—Crankshaft Front E6ZE-6700-A2A 1
4 Seal—Crankshaft Rear E4ZE-6701-A2A 1
8 Gasket—Oil Pan E6ZE-6710-A6B 1
4 Filter Oil E9TE-6714-A1A 4
4 Gasket—oOil Drain Plug E8DE-6734-AA 4
2 Insert—Oil Filter E85E-6890-AA 8
4 Gasket—Thermostat Housing E87E-8255-AA 1
4 Gasket—Low Man. Head E89E-9439-A5C 2
4 Gasket—Exhaust Manifold D9EE-9448-BA 8
1 Clamp—Distributor D9ZE-12270-AA 2
1 Ignition Wires—R.H. F17E-12280-BA 2
1 Ignition Wires—L.H. F17E-12280-AA 4
40 Spark Plugs—AWSF32F E7DE-12405-BA 2
1 Washer, Crankshaft, Damper D8EE-6378-AA 1
1 Plug, Oil Pan Drain E9DE-6730-AA 1

Dowel-Head-Block

Piston Kit 0.5 mm oversize

Piston Kit 0.2 mm oversize
Plate-Cam/Aux Shaft

Bearing—Main Lower

Seal Intake Valve

Shaft and Hsg. Assembly-Oil Pump Drive
Guide-Timing Belt-Cam

PCV Valve (EV-17B) and Elbow Assembly
Guide-Timing Belt-Crank

Tappet

Cover-Timing Belt Inner
Cover-Timing Belt Outer

Shaft Assembly Auxiliary
Bolt-Tensioner Assembly
Spring-Tensioner Assembly
Gasket-Up. Man.-Throttle

Fuel Injector

Seal-Throttle Body Insert
Gasket-Upper Manifold-Lower Manifold
Seal, Oil Pump Shaft

Plug-Cup 2%a4 in. (mm)

Plug-Cup 1%z in. (mm)

Plug-Cup ¥4 Oil Pump Shaft
Washer-Auxiliary Sprocket
Dowel-Auxiliary Shaft

Plug-Oil Gallery-Head

Plug-Oil Gallery-Block

S and W-Fuel Rail to Intake Manifold
Nut-Oil Screen to Bearing Cap
Bolt-Auxiliary Shaft Sprocket
Bolt-Camshaft Sprocket

S and W Front/Auxiliary Cover-Block
S and W Auxshaft Cover to Block

S and W-Exhaust Manifold to Head
Key, C/S, Hub and Sprocket

S and W-Thermostat Housing to Head
S and W-Intake Manifold to Head

S and W-Oil Pump-Block

Dowel-Oil Pump-Block

S and W-Auxiliary Shaft Plate

S and W-Pickup Tube to Oil Pump
Bolt-Distributor Clamp

Screw-Timing Belt Cover

D42E-6A008-A2A
E9JL-6A108-AB
E9JL-6A108-BB
D42E-6A222-A2B
E97E-6A338-BA
E7ZE-6A517-AA
E97E-6C642-AA
D42E-6B260-AA
D8DE-6A666-BA
D42E-6C312-AB
EOEE-6C501-AA
FO7E-6E006-AA
F27E-5E004-AA
E7TE-6K230-AA
E97E-6K282-BA
D52-6L273-AA
E59E-9E936-AA
FO3E-9F593-A2B
E57E-9F791-AA
E89E-9H486-AC
E89E-12A118-AA
376047-S100
376053-S36
376099-S
385803-S
385803-S
87837-S100
87837-S100
N602734-S100
N620484-S2
N600313-S2
N600414-S100
N602529-S2
N800110-S
N802884-S100
N806700-S
N800025-S
N805731-S100
N800032-S
N800059-S
N604465-S
N602550-S
N800088-S2
N800167-S2
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TABLE A4.1 Continued TABLE A4.2 1992 ASTM Stand Set Up Kit
Numbgr Part Name Engineering Number Per Kit Part Name Engineering Part Number
Per Kit Part Number 2 Sprocket—Camshaft/Auxshaft D6EE-6256-A1A
5 S and W-Inner Timing Belt Cover to Front Cover N621906-S2 1 Sprocket—Crankshaft E87E-6306-AA
40  Bolt-Heat to Block N807013-S 1 Conn—W/O F1ZE-8594-AA
16 S and W-Oil Pan to Block N806378-S141 1 Intake Man_n‘_old, Upper E79E-9425-BA
2 Stud-Tensioner to Inner Timing Belt Cover N804964-5100 2 Cover, Auxiliary Shaft D42E-6E007-AB
4  Bolt-Oil Pan to Front Cover N806379-5141 1 Throttle Body E77E-9E926-AC
1 Stud-Inner Timing Belt Cover to Front Cover N805595-S2 1 Intake Manifold, Lower E7ZE-9K461-BA
1 Manifold Assembly, Fuel Injector ~ F12E-9S441-AA
1 Tensioner Assembly D42E-6K254-AD
1 Flywheel, Manual Transmission E27R-6375-AB

A5. OPERATIONAL DATA LOG SHEETS

A5.1 See Figs. A5.1-A5.3.

SEQUENCE VE
OIL SAMPLING, ADDITION, AND LEVELING RECORD

TestNumber: Laboratory Qil Code:
Client Qil Code:
Cycle 3 8 9 12 15 18 2 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 7
Test Hour, hr 12 u 36 48 60 n 84 96 108 120 132 144 156 168 180 192 204 216 228 240 252 264 276 288

Specific Action Time, hr:min ~ 11:25 23:25 3524 47:25 59:26 71:25 83:25 95:25 107:25 119:25 131:25 143:25 15525 167:25 179:26 191:26 203:25 215:25 227:26 233:25 261:25 263:25 275:25  287:25
1. Remove a 5-02 purge sample I - —_— P PR — R U . . P -
2. Replace the 5-02 purge sample. _ _ _ _ — - - - - _ _ -
3. Remove a 2-0z analysis sample. —_ - —_— _ _ —_— _ _ —_ - - - —

4. Add 5 oz of new oil fexcept at e —
288 hours)

6. Shut down the engine. - - —_— _ _ N —_ - —_ N N JR—
6. Allow 20 min. to elapse and JEE— _ R _ R _ [ R _ R —_— _—
remove the dipstick.
7. DIPSTICK OIL LEVEL
Record the dipstick oif level in oz, D D D D D D D D [] D D D
Q" indicates full, while "H"
indicates high and “L" indicates
low. “H" and "'L" must be pre-
ceeded by the number of oz high
or low.
Restart the engine & min. before —_ JRE— _ JR— _—— - _ —_— — N - PR
the official beginning of Stage |
. AMOUNT OF OIL DRAINED
el ot g S . O O O U U O U
record the amount of oil drained
in oz to reduce the level to full. If
no oil is drained, enter “zero.”
FINAL QIL LEVEL
Err0 ol e nubo U O 0 U U O] O O
of oz fow indicated after comple-
tion of Step 8.

11. QPERATOR'S INITIALS O 0Oo0Ogg O 0O 0O4gfd O Od

Note: 1f the FINAL OIL LEVEL (Step 101 is more than 12 ounces low during the first 182 hours of the test, the test must be invalidated because of excessive oil consumption

@

w

0
O
O
O
O

(.
o O
O O
o O

OIL CONSUMPTION - Calculate the ol consumption per 24-hour periad accarding 1o the equations shown below.
0L CONSUMPTION foz per 24-hour period Cycles 1691 =8 - x -y - 2
OIL CONSUMPTION oz per 24-hour period Cycles 69720 = 1 - x = y - Z

where x - the FINAL QIL LEVEL of the previous period
y ~ the amount of ail removed in Step 9 of the cusrent period
2 - the FINAL OIL LEVEL of the current period

Note 1—SI Equivalents—2 oz (54 mL) 5 oz (148 mL).
FIG. A5.1 Oil Sampling, Addition, and Leveling Data Record
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Test Number:

iy D 5302

SEQUENCE VE

MANUAL DATA RECORD

Laboratory Oil Code:

Date: Fuel Batch:
Cycle
Stage 1 1 2 3 1 1 2 3 1 1 2 3 1 1 2 3 1 1 2 3 1 1 2 3 Soak
Stage Length, min 60 60 75 45 60 60 75 45 60 60 75 45 60 60 75 45 60 60 75 a5 60 60 75 10 35

Operator

Time of Day, br:min

Cumulative Test Time, hr:min

Engine Speed, rpm

Engine Load, Ibf

Engine 0il Out Temperature, °F

Engine Oil In Temperature, °F

Oil A Temperature (Out-In}, °F

Pump Oil Pressure, psig

Engine Oil Pressure, psig

Cylinder Head Oil Pressure, psig

3 Pressure (Pump-Engine), psi

A Pressure (Engine-Head), psi

il In Temp. Transient Time, min

Engine Coolant Out Temperature, °F

Engine Coolant In Temperature, °F

Engine Coolant A (Out-In) Temp., °F

Engine Coolant Flow Rate, gpm

Ex. Manifold Coolant Temp., °F

RAC Coolant In Temperature, °F

2
5
3
5
5
o
£
H
B
h e

RAC Coolant Flow Rate, gpm

3
£
3
»
3
£
2
3

°
H
£
2
g
H
c

2
5
a
8
&

Intake Air Ternperature, °F

Intake Air Dewpoint Temperature, °F

Intake Air Pressure, in. H,0 gage

Blowby A Pressure, in. H,0 gage

Blowby Flow Rate, cfm

Blowby Gas Temperature, °F

Barometric Pressure, in. Hg abs

Blowby Flow Rate Correction Factor

Corrected Blowby Flow Rate, cfm

Crankcase Pressure, in. H;0 gage

Intake Vacuum, in. Hg gage

[Exhaust Back Pressure, in. Hg abs

ignition Timing, “BTDC

Fuel Consumption Rats, |b/hr

Exhaust Gas Oy, %

-

Exhaust Gas CO, %

Exhaust Gas NOx, ppm

FIG. A5.2 Routine Engine Operation Data Log and Special Maintenance Data Log

ftem

No. iStg.fHrs. |Time

Complete Description of the Problem and Actions Taken

IF SHUTDOWN
Authorized | Shutdown | Restart
By Time Tune

Observer

NOTE: THE FOLLOWING MUST BE RECORDED:

All Stand
AN Parts

AR Instrument Cakbeaton Adjustments
Test Operanon Out of Limits.

FIG. A5.3 Special Maintenance Record, Trouble Record, and Unschedule Shutdown Record
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8
3
H
£
s

H
H
2
3
®
K
2
E
g
a
s
3
3
&

(1] Add 5 0z of new oil

Restart engine 5 minutes befors beginning of Stage 1
i5) Drain calculated amount of leveling sample to bring engine to “full”
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A6. RATING WORKSHEETS

A6.1 See Figs. A6.1-A6.19. See 13.2 for sludge rating
details and 13.3 for varnish rating details.

SLUDGE RATING OF ROCKER ARM COVER  Test Number
Lo

Date

Rater

17-1/4"
16"

12"
1/4"
[&—5-3/4"
4—3“—»}
T 4

}
S B
J -20 1% -18

Rating sites on the top surface of the RAC are located 0.75 in. from the side or in the center.
Rating sites on vertical surfaces are located 2.75 in. from the bottom of the cover.

The depth gauge should be oriented as indicated by the (—) and the dimensions shown on the
drawing.

Depth Site Total % Volume
Scale|1]2[3[4|5]|6]|7|8|9[10[11]12|13[14|15|16[17|18]|19[20|Checks|Coverage| Factor
Clean

1/4A
1/2A
3/4A
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B
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O

c|=|T|O|m|m|O O

GRAND TOTAL

Rocker Arm Cover Sludge Rating

FIG. A6.1 Sludge Rating of Rocker Arm Cover
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SLUDGE RATING OF FRONT SEAL HOUSING  Test Number — Test Egmhﬂ
X R
174" Date — 2 Date
7112 | Rater . Rater

Aettinga | el Ling 4

Ret Line A | Fef Line A

Rating sites 1, 2, and 6 are located 0.25 in. below Reference Line A. Rating site 1 is located 0.5 in. below Reference Line A.

Rating sites 6 and 7 are located 0.5 in. below Reference Line A. Rating sites 2 and 5 are located 0.25 in. below Reference Line A.
Rating sites 3 and 4 are located 1.5 in. below Reference Line A. Rating sites 6 and 7 are located 0.5 in. below Reference Line A.
Rating site 9 is located 1.5 in. above Reference Line A.

Rating sites 3 and 4 are located 1.5 in. below Reference Line A.
Rating site 10 is located 0.75 in. above Reference Line A.

. - . . Rating site 8 is located 0.5 in. above Reference Line A.
The depth gauge should be oriented as indicated by the {—} and the dimensions shown on the

drawing. Rating site 9 is located 1.5 in. above Reference Line A.

Rating site 10 is located 0.75 in. above Reference Line A.

Depth Site Total % Volume
Scale{ 1 2 3 4 5 6 7 8 9 10 |Checks |Coverage| Factor The depth gauge should be oriented as indicated by the (-) and the dimensions shown on the drawing.
Clean Depth Site Total % Volume
1/4A Scale 1 2 3 4 5 6 7 8 9 10 | Checks | Coverage | Factor
1/2A Clean
3/4A 1/4A

A 172A

AB 3/4A

B A

BC AB

c B

BC

b [}

E D

F E

G F

H G

| H

J 1

Grand Total J
GRAND TOTAL
Front Seal Housing Sludge Rating
FIG. A6.2 Sludge Rating of Front Seal Housing Front Seal Housing Sludge Rating
FIG. A6.3 Sludge Rating of Front Seal Housing (1989 and Later
Kits)
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Rel line A

7 3/8 Test Number

| Lo

Dote

Roter

— ||

O
Roting site 1 is locoted 0.75 in. below Reference Line A.
Roting site 2 is locoted 1.5 in. below Reference Line A.
Rating site 3 is located 0.25 in. below Reference Line A.
Rating site 4 is locoted 0.5 in. obove Reference Line A.
Raoting site 5 is locoted 1.5 in. obove Reference Line A.
The depth gauge should be oriented os indicoted by the (——) ond the

dimensions shown on the drawing.

Depth

Site _ Total %

Scale

Volume

2 3 4 5 | Checks [Coverage] Factor

Clean

1/4A

1/2A

3/4A

cl=izio|n|mo|o|Blo|Z>

Grand Totol

Front Sea! Housin9 S!udge Roting

FIG. A6.4 Sludge Rating of Front Seal Housing (1992)
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SLUDGE RATING OF ENGINE BLOCK Test Number — SLUDGE RATING OF OIL PAN

Test Number
230 o—— Lo

. _ ) 1712 —

PP i e o Date Date

E’_L Rater — 18z Rater —
- ~

=)

\/\/I i T
4

Rating sites 1, 2, 3, and 4 are located 1.0 in. from the inside edge of the gasket mounting surface.

2pma

o,
]

B o

=
©

Rating sites 5, 6, and 7 are located 0.5 in. from the cyinder bore.

Rating sites 8 and 9 are located 1.125 in. from the inside edge of the gasket mounting surface. Rating sites 3 and 4 are located 1.0 in. from the side of the oil pan.
Rating site 10 is located 1.0 in. from the inside edge of the gasket mounting surface. Rating sites 7 and 8 are located 0.75 in. from the side of the oil pan.
The depth gauge should be oriented as indicated by the (—) and the dimensions shown on the The depth gauge should be oriented as indicated by the {—) and the dimensions shown on the
drawing. drawing.
Depth Site Total % Volume Depth Site Total % Volume
Scale [ 1 2 3 4 5 6 7 8 9 10 |Checks|Coverage | Factor Scale[1[2)3[4[5|6]7[8[9]10]11|12]13]|14|15]16]17|18]19]20{Checks|Coverage| Factor
Clean Clean
1/4A 1/4A
1/2A 1/2A
3/4A 3/4A
A A
AB AB
B B
BC BC
C C
D D
E E
F F
G G
H H
! |
J J
Grand Total GRAND TOTAL

Engine Block Sludge Rating Qil Pan Sludge Rating

FIG. A6.5 Sludge Rating of Engine of Block FIG. A6.6 Sludge Rating of Oil Pan
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SLUDGE RATING OF VALVE DECK Test Number — SLUDGE RATING OF CAMSHAFT BAFFLE Test Number
fe— 7 21T . [ Lo
Date — Date
(158" Rater Rater
16"
30 )
/ 1"
F
R
9
°
o 10, <—->l

J -1 -2 3- 4-
e 3120 FRVCRE S

Rating sites 1, 2, 3, 4, 5, 6, 7, and 9 are located 1.0 in. from the outer edge of the cylinder head.

- -10 1= 12-
Rating sites 8 and 10 are located 1.125 in. from the outer edge of the cylinder head. O ® O O O

Rating sites 11, 12, 13, 14, 15, 16, 17, and 18 are located on the camshaft pedestal in line with the -13 -14 15— 16-
gasket mounting surface.

Rating sites 19 and 20 are located at the midpoint of the machined surface on the camshaft pedestal
below the camshaft bearing.

All rating sites are located according to the dimensions shown and at the midpoint of the appropriate

plane.
The depth gauge should be oriented as indicated by the (—) and the dimensions shown on the

drawing. The depth gauge should be oriented as indicated by the (-).

Depth Site Total %  |Volume Depth Site Total %  |Volume
Scale|1]|2]|3|4|5[6[7[8]9[10]11[12]13]14]15]16|17|18[19]20|Checks|Coverage| Factor scale|1]2][3]al5[6]7 [8]a]10]11]12]13]14]15{16]17]18]| 19|20 [Checks|Coverage| Factor
Clean Clean

1/4A 1/4A

112A 112A
3/4A 3/4A

A A

AB AB

B B

BC BC

¢ c

2l D

E E

F F

G G

H H

! |

J J

GRAND TOTAL GRAND TOTAL
Valve Deck Sludge Rating — Camshaft Baffle Sludge Rating
FIG. A6.7 Sludge Rating of Valve Deck FIG. A6.8 Sludge Rating of Cam Cover Baffle
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VARNISH RATING OF ROCKER ARM COVER

Test Number

Rocker Arm Cover Varnish Rating =

Lo
Date
Rater
18" ft— 1" Wipe
10" le— 1" Wipe
[ 4.1/2" ——] r4—1” Wipe
i) ) - Q
’ J LS 7 113
) '6 4
H 1
tag [RY 9
I | | 1 )
== - === =
' 14 12 110
i 1
T ]
119 Za L5
ENEIPAN CH A T
o o o
Area Rating Area Rating
1 11
2 12
3 13
4 14
5 15
6 16
7 17
8 18
9 19
10 20
Total Total

20

Total + Total _

FIG. A6.9 Varnish Rating of Rocker Arm Cover

b D 5302
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VARNISH RATING OF OIL PAN

Test Number

Qil Pan Varnish Rating =

FIG. A6.10 Varnish Rating of Oil Pan
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Date
Rater
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Area Rating Area Rating
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VARNISH RATING OF CAMSHAFT BAFFLE Test Number — VARNISH RATING OF PISTON SKIRTS, Test No.
o CYLINDER WALLS, AND PISTON RING STICKING Lo
Date — Date
Rater Varnish Rating of Piston Skirts Rater
Piston Anti-
No. Thrust Thrust Average
A ! N 1
[ 2| 3
i : e 2
141 5 el 3
i ! - 4
1 1gt | Total
7t O 18 O;e @) ota
1 L1 I Average
110} 111 I12
H ’
1 13i }14 [ 15 Pistan Skirt Varnish Rating = 2v@: Thrust + Avg. Anti-Thrust ;"g' Anti-Thrust _
f Piston Ring Sticking
2 1 | . :
Piston Tgp Zpd Qll REAR
8" 1" No. Ring | Ring | Ring
14" 1 — ; 7\
3 THRUST ANTI-THRUST
. \/ \[
X Total
Area Rating Hot Stuek FRONT
! Total
2 Cold Stuck
3 0 = Free Ring
4 T = Tight Ring RATE
H = Hot Stuck Ring
5 C = Coid Stuck Ring T
6 Oil rings will either be cold
7 stuck or free.
8
190 Varnish Rating of Cylinder Walls
1 Cylind Area
ylinder i Average
12 No. Thrust Antl Front Rear 9
13 Thrust
14 1
15 2
Total 3
4
. Total Total
Camshaft Baffle Varnish Rating = 5 =
. ) FIG. A6.12 Varnish Ratings of Piston Skirts and Cylinder Walls
FIG. A6.11 Varnish Rating of Cam Cover Baffle 9 y

and Rating for Ring Sticking
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Pump Relief Valve & Intake Valves

CLOGGING OF OIL RINGS, OIL SCREEN, Test No.
PCV VALVE, AND CAMSHAFT LOBE HOLES Lo
Date

STICKING OF HYDRAULIC LIFTERS Rater

VARNISH RATING OF OIL PUMP RELIEF VALVE,
AND INTAKE VALVE DEPOSITS

Piston No. | Clogging.% Debris, % Sludge, %
1
2
3
4

Average

Camshaft Lobe Hole Clogging

Nooaber | Frows Rate | Fiow Rate | P10 Rt | plioerions, | Plugged
1E
1t
2E
2|
3E
3
4E
4l
Oil Pump Relief
Hydraulic Lifter Sticking Intake Valve Deposits Valve Varnish
amber | Punger | stk unger | | number | P9 | | wmger | Vemish
1E 1 1
11 2 2
2E 3 3
2 4 4
3E Average Average
3l
4E
4l
SE
5l
Total
PCV Valve Clogging
Flow Rate, cfm Flow Rate Difference Clogging, %
18 in. Hg AP 8in. Hg AP 18 in, HgaAP l 8in. Hg AP | 18in. Hg 4P | 8in. Hg AP
B.?ef:(e ATZ:: Before »:_::tr (Before — After, cfm)
|

FIG. A6.13 Rating of Oil Rings, Oil Screen, PCV Valve, Cam Lobe
Holes, Hydraulic Lifters, Oil Pump Relief Valve, and Intake Valves

FIG. A6.14 Typical Parts Layout for Rating ( see 12.6.3)
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Rated by Date
Engine No. Test No.
Oil Code

Piston Area Intensity Merit Rating
1)
2)
3)
4)
Average

FIG. A6.15 Piston Undercrown Deposit Breakdown Sheet
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Rated by

Engine No.

0Oil Code

Piston

D

2)

3)

4)

Area

b D 5302

Date

Test No.

Intensity Merit

Average
FIG. A6.16 Second Land Deposit Breakdown Sheet
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Rated by

Engine No.

Oil Code

Piston
1)

2)

3)

4)

Area

I

FIG

b D 5302

Intensity

Date

Test No.

Merit

1l

gt

. A6.17 Oil Ring Deposit Breakdown Sheet
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Rated by

Engine No.

0il Code

Piston

D

2)

3)

4)

b D 5302

Date

Test No.

Intensity Merit

FIG. A6.18 Crown Land Deposit Breakdown Sheet
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Rated by
Engine No.
Oil Code

b D 5302

Date
Test No.

Difference

Cylinder Before After (bore wear, mils)

1Y)

Top
Middle
Bottom

2)

Top
Middle
Bottom

3)

Top
Middle
Bottom

4)

Top
Middie
Bottom

A7.1 Report Forms-See Figs.

Cylinder
Average (mils)

Cylinder
Average (mils)

Cylinder
Average (mils)

Cylinder
Average (mils)

Average Cylinder Bore Wear

(mils)

Max Cylinder Bore Wear

(mils)
FIG. A6.19 Cylinder Bore Wear

A7. FINAL REPORT FORMS AND PHOTOGRAPHS

A7.1-A7.22.
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TEST METHOD D5302
{SEQUENCE VE)

VERSION 19970902

CONDUCTED FOR

TSTSPON1

TSTSPON2

V =VALID

LABVALID | =INVALID

N =RESULTS CAN NOT BE INTERPRETED AS REPRESENTATIVE
OF OIL PERFORMANCE (NON-REFERENCE OIL) AND SHALL
NOT BE USED FOR MULTIPLE TEST ACCEPTANCE

Test Number

Test Stand: STAND |Runs Between Calibration Tests: Total Runs on Test Stand:
RSTRUN/STRUN RTOTSRUN/TOTSTRUN
Date Completed: RDTCOMP /DTCOMP lEnd of Test Time: REOTTIME/EOTTIME

Oil Code®: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes| ALTCODE1 ALTCODE2 ALTCODE3

In my opinion this test OPVALID been conducted in a valid manner in accordance with the Test
Method D 5302 and the appropriate amendments through the Information Letter system. The
jremarks included in the report describe the anomalies associated with this test.

The test stand and laboratory have been calibrated in accordance with the requirements specified

in Test Method D 5302 and the appropriate amendments through the Information Letter
system.

ACMIR/Oil Code

SUBMITTED BY: SUBLAB

Testing Laboratory
SUBSIGIM

Signature

SUBNAME
Typed Name

SUBTITLE

Title
FIG. A7.1 Test Report Cover
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BATING AND MEASUREMENTS SUMMARY

fil D 5302

(SEQUENCE VE)

Laborstory A8 Oil Code OILCODE SAE Viscosity Grade SAEVISC
Lalibretion A sTAND - msTRUN © ATOTSRUN | TMC Oil Code IND Date/Time Calibrated ~ XDTCOMP / REOTTDME
Test Number STAND - STRUN- TOTSTRUN Test Length TESTLEN Date/Time Completed  DTCOMP / EOTTIME
Engine Number ENGINE Nominal Piston Oversize NOMPISOV Fuel Batch FUELBTID
Date/Time Started  DTSTRT  / STRTTIME | Internal Oil Code LABOCODE
Formulation/Stand Code: FORM
Rating Ratin lndust? Corrected Severity Final Rating | Final Rating
(R‘?oned (Trans [Correction Facton Reating Adjustment Value Value
nits) b (Transformed) | (Transformed) |(Transformed)| (Transformed) |(Reported Units
S Rocker Arm Cover RACSRT RACCF RACSSA TRACSFNL
L Camshaft Baffle CAMBFSRT
u Valve Deck VLVDCKRT
D Front Seal Housing FSLHSGRT
G Cylinder Block CYLBLKRT
E [oilPen OILPNSRT
Average Engine Sludge AES TRANAES AESCF TAESCOR AESSA TAESFNL AESFNL
V | Piston Skirts, merits PISKVRT
A |Rocker Arm Cover, merits RACVRT
: Camshaft Baffle, merits CAMBFVRT
1 Cylinder Walls, merits CYLWLVRT
S Oil Pan, merits OILPNVRT
H Average Engine Varnish, merits | Agv
ACW, micrometers ACW TRANACW ACWCF TACWCOR ACWSA TACWENL ACWENL
W MCW, micrometers MCW TRANMCW MCWCF TMCWCOR MCWSA TMCWENL MCWFNL
E Avg. Rocker Arm, mg ARAW
A Max. Rocker Arm, mg MAXRAW
R Avg. Top Ring Inc., mils ATRGINC
Max. Top Ring Inc., mils MXTRGINC
Avg. Rod Bearing, mg ARBWL
Max. Rod Bearing, mg MAXBWL
C |oit screen siudge, % OSCRNSLG oD Averege Crown Land Deposit, merits AVGCLD
L T E [Average Second Land Deposit, merits AVGSLD
i 3 OSCRNDEB
o Oil Screen Debris, % H P [Average Oil Ring Land Deposits, merits AVGORLD
G |Oit Ring, % OILRING E O |Average Piston Under Crown Deposit, merits AVGPUCD
G PCV Valve at 18 in. Hg., % Pevie R S |Intake Valve Deposits, merits INVLVOEP
' 1 |Number of Stuck Lifter Plungers NSLFTPLG
N |PCV Valve at 8 in. Hg., % Feve T [Number of Hot Stuck Compression Rings NHSCMPRG
G | Number of Camshaft Lobe Holes NOCAMLOB S [Number of Stuck Oi Rings NSTKORNG
ADDITIONAL INFORMATION
[Oil Consumption, fl. oz. ]°'L°°“ I IAverage Blowby Flow Rate, cfm ACBLWRT1 J

A Test number consists of the stend number, number of runs between calibration tests and total number of runs on the stand.
FIG. A7.2 Rating and Measurement Summary, Non-Reference Oil Test
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(SEQUENCE VE)
ating and Measuremen mma libration T esult
Laboratory {AB Oil Code CMIR SAE Viscosity Grade RSAEVISC
Tost Number® STAND - ASTRUN . motsaun | o5t Length  presTIEN Dete/Time Completed MP | REOTTIME
Engine Number RENGINE Nominal Piston Oversize RNOMPISO Fuel Batch  RFUELBID

Eatamme Started RDTSTRT | RSTRTIME Internal Ol Code RLABCODE

; : indust . N
Rating Rating h Corrected Rating Final Ratin,
S (Reported ?Jnm) (Transformed) Conecuon?actor (Transformed) (Reported Un?uz)
L Rocker Arm Cover RRACSRT RTRNRACS RACCF RTRCSCOR RRACSFNL
U | Camshaft Baffle RCAMBSRT
D Velve Deck RVLVDKRT
Front Seal Housing RFSLHSRT
G inder Block RCYLBLRT
E Oil Pan ROILPNRT
Average Engine Sludge RAES
V | Piston Skirts, merits RPISKVRT
A Rocker Arm Cover, merits RRACVRT
: Camshaft Baffle, merits RCAMBVRT
| Cylinder Walls, merits RCYLWVRT
[ Oil Pan, merits ROILPNVR
‘H Average Engine Varnish, merits RAEV
ACW, micrometers RACW RTACW ACWCF RTACWCOR RACWENL
W MCW, micrometers RMCW
Avg. Rocker Arm, mg RARAW
E Max. Rocker Arm, mg RMAXRAW
A Avg. Top Ring Inc., mils RATRGINC
R [Max. Top Ring Inc., mils RXTRGINC
Avg. Rod Bearing, mg RARBWL
Max. Rod Bearing, mg RMAXBWL
C |oii Screen Siudge, % ROSCRSLG D |Average Crown Land Deposit, merits RAVGCLD
L T E |[Average Second Land Deposit, merits RAVGSLD
i i ROSCRDEB
0 Oif Screen Debris, % H P |Average Oil Ring Land Deposit, merits RAVGORLD
G |[Oil Ring, % ROILRING E O |Average Piston UnderCrown Deposit, merits RAVGPUCD
G |PcV velve st 18 in. Hg., % RPCV1E R S |intske Valve Deposit, merits RINVOEP
| PCV Vel e H — | Number of Stuck Lifter Plungers RSLFTPLG
N alvo at 8 in. Hg., % T | Number of Hot Stuck Comprassion Rings RHSCMPRG
Number of Camshaft Lobe Holes RNCAMLOB S [ Number of Stuck Oil Rings RSTKORNG
Additional Information
Oil Consumption, fl. oz. ROILCON IAvaraoe Blowby Flow Rate, cfm RABLBYRT
S Reference Oil IND |  statistics Date STATDATE
; Parameter Target S Delta Deita/s
T AES TARGAES SAES DELAES DELSAES
I RACS TARRACS SRACS DELRACS DELSRACS
S APV TARAPV SAPV DECAPV T DELSAPV
T  aev _TARREV ~ SAEV DELAEV DELSAEV
] ACW TARACW SATW “DECATW — DELSATW
“TARMCW —sSMCW ~DELMCW — DELSMCW—
C wmcw —— —_—e
S

A'l'tmt number consists of the stand number number of runs between calibration tests, and total number of runs on the stand.
FIG. A7.3 Ratings and Measurement Summary, Calibration Test
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(SEQUENCE VE)

OPERATIONAL SUMMARY
LABORATORY : LAB OIL CODE: CMIR/OILCODE
TEST NUMBERA: STAND - RSTRUN/STRUN - RTOTSRUNTOTSTRWN | DATE COMPLETED: RDTCOMP/DTCOMP
Formulation/Stand Code: FORM

STAGE | STAGE Il STAGE Il
PARAMETER

MAX MIN AVG | MAX MIN AVG | MAX MIN AVG
Engine speed, r/min XRPM 1 wem1 | ARPmt | xrPmz | memz | arem2 | xnem3 | mems | asema
Engine Power, bhp xpwri | pwrr | aewnt | xpwnz | wwrz | apwmz bxewrs | iewns  |apwms
Engine Oil In Temperature, °F XENGOIN1 IENGOINT | AENGOIN1 [XENGOINZ |IENGOINZ | AENGOINZ KENGOINS | IENGOINS | AENGOINS
Engine Qil Delta Temp. (Out-In), °F XENGODT1 Lmeoo'n AENGODT1 [XENGODT2 | IENGODT2 [AENGODT2 | XENGODTY 1ENGODTS | AENGODTS
Pump OQil Pressure, psig XPMPOPR1 | IPMPOPRI|APMPOPR1 [XPMPOPR2 | IPMPOPRZ |APMPOPR2 meomJ IPMPOPR3 | APMPOPRS
Engine Qil Pressure, psig XENGOPR1 | IENGOPRIlaENGOPR1 KENGOPR2 [1IENGOPR2 JAENGOPRZ [XENGOPR3|IENGOPR3 JAENGOPR3
Cylinder Head Oil Pressure, psig xCYLoPR1 | 1cvLOPRYAcYLOPRT [xcvLoPR2 |1cviorr2 [acviopr2 [xevioers| ievioprs [acyLorns
Delta Pressure (Pump-Engine), DSi XDPPE1 IDPPE1 ADPPE1 XDPPE2 IDPPE2 ADPPE2 XDPPES IDPPE3 | ADPPES
Delta Pressure (Engine-Head), psi XOPEHT  {iDPEHY | ADPEH1 | xDPEH2 | 1oPEn2 | ADPEH2 | xDPEH3 | iDPEM3 | ADPEH3
Engine Coolant Out Temperature, °F |xcoLouts koLours fcolouTt keotouTz ficoLouTz acolLout2 XCOLOUTY 1cOLOUTHACOLOUTS
Eng. Coolant Delta Temp. (Out-in), °F | xcopT1 |icowpts | acowpTt | xcowot2 | icowor2 | acolotz | xcowoTa | icowbTs | acowpTa
Engine Coolant Flow Rate, gal/min XCOLFRT1 JicOLFRT1 {ACOLFRT1 [XCOLFRT2 | ICOLFRT2 |ACOLFRT2 | === em- .
Engine Coolant Pressure, psig XCOLPRE1 |ICOLPRE1 |ACOLPRE? [XCOLPRE2 |icoLPRE2 {AcOLPRE2 [xCOLPRE3] ICOLPRES [ACOLPRES
Exhaust Manifold Coolant Temp., ®F [XexcooLs kexcoowt aexcoolt kexcooLz [iExcooL2 jaexcooLz fexcools| iexcooLs aexcooLs
RAC Coolant In Temperature, oF XRACCTP1 lrw:cw1 ARACCTP1|XRACCTP2| IRACCTP2 |ARACCTP2 KRACCTP3 IRACCTP3 | ARACCTP3
RAC Coolant Fiow Rate, gal/min XRACCFR1 |IRACCFR1[aRACCRR1 | === | === === kraccrms| maccrrs)araccrrs
Intake Air Temperature, °F XINAIRTY | INARTY | ANAIRTY | xinairT2 | UNAIRT2] AINART2| iNARTS|  UNAIRT3 | AINAIRTS
intake Air Specific Humidity, grains/lb | xarHUM1 iarHUM1 [AaiRHUMY [xAIRHUMZ | IAIRHUM2 |AAIRHUM2 AIRHUMS | IAIRHUMS [ AAIRHUM3
Intake Air Pressure, in. H,0 gage XINARPT | unampt WNAIRPY  JoNARP2  [uNAiRPz  [uNAIRP2  puNaRPs [iNAIRPS | ANAIRP3
Corrected Blowby Flow Rate, ft*/min [XCetWRT! hcaiwnTt [acBWATI| =en | ece | can | cac | wee | ==-
Crankcase Pressure, in. Hzo gage XCCASEP1 | |cCASEP1{ACCASEP1 KCCASEP2 [ICCASEP2 ACCASEP2 KCCASEPS | ICCASEPS | ACCASEP3
intake Manifold Vacuum, in. Hg gage [xmnvaci fiMnvact [amnvact pamnvacz [imnvacz [amnvacz [ximnvacs] imnvacs famnvacs
Exhaust Back Pressure, in. Hg abs. XEXBKPR1 | IEXBKPR1JAEXBKPR1 |KEXBKPR2 |IEXBKPR2 JaExexPrz [xexekpRs |iExBkPRS | AEXskPR3
Iignition Timing, °BTDC XIGNTIM1 | HGNTIM1| AIGNTIM1 | === - em= . —— -
Fuel Consumption Rate, Ib/hr XFURLATt |iFuEtRT1 | AFuRtRTY | xrueLRT2 | iruBLRT2 | AFURLAT2 |XFPUBLRTS | 1FUELRTS | AFUELRTS
Exhaust Gas 0,, % XexHGo1 | 1exHGo1 REXHGOT kExHGo2z IExHGo2 hexHaoz |kexneos |iExweos | Aexweos
Exhaust Gas CO, % XEXH CO1 ||EXHGCO1AEXHGCO1 KEXHGCO2 |IEXHGCO2 AEXHGCO2 XEXHGCO3] IEXHGCO3 JAEXHGCOS
Exhaust Gas NO,, ppm cee | === a== KEXHONOZ | 1EXHONOZ MEXHGNO2 | === . -

A‘I’ost number consists of the stand number, number of runs between calibration tests, and total number of runs on the stand.
FIG. A7.4 Operational Summary
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(SEQUENCE VE)
SUPPLEMENTAL OPERATIONAL DATA

Laboratory: LAB Oil Code: CMIR/OILCODE

Test Number: STAND - ASTRUN/STRUN - RTOTSRUNITOTSTRAUN Date Completed: RDTCOMP/DTCOMP

Number of Remarks or Deviations: OPROCR

Formulation/Stand Code: FORM

Item Remark or Deviation
ITEMHOO1  REMKHOO1

Note 1—Test number consists of the stand number, number of runs between calibration tests, and total number of runs on the stand.
FIG. A7.5 Supplemental Operational Data
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(SEQUENCE VE)
OIL ANALYSES

Laboratory: LAB Oil Code: CMIR/QOILCODE

Test Number: STAND - RSTRUN/STRUN - RTOTSRUN/TOTSTRUN

Date Completed: RDTCOMP/DTCOMP
Formulation/Stand Code: FORM
Fuel Dilution Pent
Viscosity % mass | 3"' :rlxe
@ 40°C cSt Test Method T:sstoh‘llje tiso d
Test Fe Cu Si Test Method D3525 D893B
D445 {modified)
Hour ppm ppm ppm
New Oil FE__HNEW CU_HNEW | SI_HNEW | VS40HNEW - -
12 FE_HO12 CU__HO12 SI__Ho012 VS40H012 FUELHO12 -
108 FE__H108 CU_H108 SI_H108 VS40H108 FUELH108 PENTH108
204 FE__H204 CU_H204 | SI_H204 | VS40H204 FUELH204 PENTH204
288 FE__ H288 CU__H288 Si__H288 VS40H288 FUELH288 PENTH288
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{SEQUENCE VE)
VALVE TRAIN INSPECTION DETAIL
Laboratory: LAB Oil Code: CMIR/OILCODE
Test Number: STAND - RSTRUN/STRUN - RTOTSRUN/TOTSTRUN | Date Completed:  RDTCOMP/DTCOMP
Formulation/Stand Code: FORM
- Cam Lobe Wear L°b‘2 Orifice. Rocker Arm Wear Valve Spring Load,
Position {micrometers) Plu'gglng % Air mg Ibf
ow Loss
1(1E) CAMWO1 LOBPLGO1 ROCKWO1 VSPGLDO1
2(1) CAMWO2 LOBPLGO2 ROCKWO02 VSPGLDO2
3 (2E) CAMWO3 LOBPLGO3 ROCKWO03 VSPGLDO3
4 (21) CAMWO4 LOBPLGO4 ROCKWO04 VSPGLDO4
5 (3E) CAMWOS5 LOBPLGOS ROCKWO05 VSPGLDO5S
6 (31 CAMWO06 LOBPLGO6 ROCKWO06 VSPGLDO6
7 (4E) CAMWO7 LOBPLGO?7 ROCKWO7 VSPGLDO?7
8 (4)) CAMWO8 LOBPLGO8 ROCKWO08 VSPGLDO8
Average RACW/ACW AVGLOBPL ARAW AVGSPGLO |
Lobe Hardness A Rﬂi‘::;:;rsm
Lobe (> 50 Rockwell C) (> 57 Rockwell C)
1E LOBHRDO1 RCKHRDO1
1l LOBHRDO2 RCKHRDO2
2E LOBHRDO3 RCKHRDO3
2| LOBHRDO4 RCKHRDO4
3E LOBHRDO5 RCKHRDO5
3 LOBHRDO6 RCKHRDO6
4E LOBHRDO7 RCKHRDO7
41 LOBHRDOS RCKHRDOS8

A Camshafts with individual lobe hardness less than 50 Rockwell C may be used.

Record lobe location(s) and hardness value(s) on the Supplemental Operational Data
Form, Fig A7.5.

FIG. A7.8 Valve Train Inspection Detail
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b D 5302

VARNISH RATING OF PISTON SKIRTS
BATING OF RING LAND AND PISTON UNDER CROWN DEPOSITS

Laboratory: LAB Oil Code: CMIR/OILCODE
Test Number; STAND - RSTRUNSTAUN . RTOTSAUNTOTSTRUN  |Date Completed: RDTCOMP/DTCOMP
Formulation/Stand Code: FORM
Piston Thrust Antithrust
Number {Merits) {Merits)
1 PSVTH1 PSVAT1
2 PSVTH2 PSVAT2
3 PSVTH3 PSVAT3
4 PSVTH4 PSVAT4
Average PSVTHAVG PSVATAVG

Piston Skirt Varnish = Average Thrust + Average Antithrust = RPISKVRT/PISKVRT

2
Crown 2nd Qil Piston
Piston Number Land Land Ring Land Undercrown

(Merits) (Merits) (Merits) (Merits)

1 CLD1 SECLD1 ORLD?1 PISUCT

2 CLD2 SECLD2 ORLD2 PISUC2

3 CLD3 SECLD3 ORLD3 PISUC3

4 CLD4 SECLD4 ORLD4 PISUC4

AVSTEQB IRAVGPUCD/AVGPUCD RAVGSLD/AVGSLD IRAVGORLD/AVGORLD RAVGCLD/AVGCLD

FIG. A7.9 Varnish Ratings of Piston Skirts
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SEQUENCE VE
CORRECTED BLOWBY FLOWRATE PLOT

Formulation/Stand Code:
FORM

Corrected Blowby Flow Rate, cfm

3.00

275

250

225

2.00

'lll]llllJll[[lIl’IITTlT

175

1.25

TT V[ TTTT T Y

H 1 1 { 1 | i I i 1

(=]

24 48 72 96 120 144 168 192 216 240
Test Hour

© The rings were regapped at hour 120:00.

264

Blowby Limits

FIG. A7.10 Corrected Blowby Plot
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(SEQUENCE VE)

OIL ADDITION RECORD

Laboratory: LAB Oil Code: CMIR/OILCODE

Test Number: STAND - RSTRUN/STRUN - RTOTSRUN/TOTSTRUN Date Completed: RDTCOMP/DTCOMP

Formulation/Stand Code: FORM

Cycle Test Hour Oil Consumption fl. oz. Oil Level fi. oz.
6 23 h 35 min. OILCHOO06 OILLHO06
12 47 h 35 min. OILCHO12 OILLHO12
18 71 h 35 min. OILCHO18 OILLHO18
24 85 h 35 min. OILCHO24 OILLHO024
30 119 h 35 min. OILCHO30 OILLHO30
36 143 h 35 min. OILCHO36 OILLHO36
42 167 h 35 min. OILCHO42 OILLHO42
48 191 h 35 min. OILCHO48 OILLHO48
54 215 h 35 min. OILCHO54 OILLHO54
60 239 h 35 min. OILCHO60 OILLHO60
66 263 h 35 min. OILCHO66 OILLHO66
72 287 h 35 min. OILCHO72 OILLH072
Total Qil Consumption, fl. oz.: ROILCON/OILCON

FIG. A7.11 Oil Addition Record
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SEQUENCE VE

RIGIN OF SIGNIFICANT ENGINE PAR

Laboratory: LAB Qil Code: CMIR/OILCODE
Test Number: sTaND - rstRuN/STRUN - ATOTSRUN/TOTSTRUN | Date Completed: RDTCOMP/DTCOMP
Formulation/Stand Code: FORM

ORIGIN OF SIGNIFICANT ENGINE PARTS

ENGINE PART ORIGIN
Camshaft CAMOGN
Connecting Rod Bearings CRODBOGN
Cylinder Block CYLBKOGN
Cylinder Head CYLHDOGN
Pistons PISTOGN
Piston Rings PISRGOGN
Rocker Arms RCKRAOGN

FIG. A7.12 Origin of Significant Engine Parts
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{SEQUENCE VE)
CHARACTERISTICS OF THE DATA ACQUISITION SYSTEM

Laboratory: LAB Test Stand: STAND
PARAMETER SENSING CALIBRATION RECORD OBSERVATION RECORD LOG SYSTEM
k) DEVICE FREQUENCY DE(\AI)CE FREQ(g)ENCY FREQ(lé)ENCY FREO(%!)ENCY RESI(‘BC;NSE

SR

3)

m
@2

OPERATING PARAMETER

THE TYPE OF DEVICE USED TO MEASURE TEMPERATURE, PRESSURE OR FLOW

Qil Inlet OILISENS OILICALF OILIRECD OILIOBSF OILILOGF
RAC Inlet RCCISENS lRCClCALF RCCIRECD RCCIOBSF IRCCIRECF RCCILOGF
Coolant OQutiet COTSENS COTRECD COTOBSF COTLOGF
Speed RPMSENS RPMRECD RPMOBSF RPMLOGF RPMSYSR
Power PWRSENS PWRCALF PWRRECD PWROBSF IPWRRECF PWRLOGF PWRSYSR
co COSENS COCALF CORECD COOBSF CORECF COLOGF COSYSR
0, 02SENS O2CALF O2RECD 020BSF O2RECF O2LOGF 02SYSR
Timing TIMGSENS TIMGCALF TIMGRECD TIMGOBSF TIMGRECF TIMGLOGF
Blowby |BLWGSENS |BLWGCALF BLWGRECD BLWGOBSF |BLWGRECF BLWGLOGF
Exhaust Backpressure X |EXPRSENS EXPRCALF EXPRRECD EXPROBSF |[ExPRRECF EXPRLOGF
Engine Coolant Flow CFLWSENS CFLWCALF CFLWRECD CFLWOBSF CFLWRECF CFLWLOGF
Rocker Arm Cover RCCFSENS RCCFCALF RCCFRECD RCCFOBSF RCCFRECF RCCFLOGF

LEGEND:

3) FREQUENCY AT WHICH THE MEASUREMENT SYSTEM IS CALIBRATED
4 THE TYPE OF DEVICE WHERE DATA IS RECORDED
LG - HANDLOG SHEET
DL - AUTOMATIC DATA LOGGER
SC - STRIP CHART RECORDER
CM - COMPUTER, USING MANUAL DATA ENTRY
C/D - COMPUTER, USING DIRECT 1/0 ENTRY
) DATA ARE OBSERVED BUT ONLY RECORDED IF OFF SPEC.
) DATA ARE RECORDED BUT ARE NOT RETAINED AT EOT
] DATA ARE LOGGED AS PERMANENT RECORD, NOTE SPECIFY IF:
SS - SNAPSHOT TAKEN AT SPECIFIED FREQUENCY
AG/X AVERAGE OF X DATA POINTS AT SPECIFIED FREQUENCY

8) TIME FOR THE OUTPUT TO REACH 63.2% OF FINAL VALUE FOR STEP CHANGE AT INPUT
FIG. A7.13 Characteristics of the Data Acquisition System
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SEQUENCE VE

Rocker Cover an mshaft Baffle Ph raph

Laboratory: LAB 0Oil Code: CMIR/OILCODE

Test Number: STAND - RSTRUN/STRUN - ATOTSRUNTOTSTRUN | Date Completed: RDTCOMP/DOTCOMP

Formulation/Stand Code: FORM

RC_CSBIM

0L COOE

TEST pisRs =

JIL COOE
FERT MULIBER

FIG. A7.14 Rocker Arm Cover and Camshaft Baffle Photographs
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SEQUENCE VE

il Pan and Qil Screen Ph raph
Laboratory: LAB Oil Code:  CMIR/OILCODE
Test Number:  STAND - asTRun/sTAUN - RTOTSRUN/TOTSTRUN | Date Completed: RDTCOMP/DTCOMP
Formulation/Stand Code: FORM
OP_OSIM

OIL CODE
TEST NUMBER

FIG. A7.15 Qil Pan and Oil Screen Photographs
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SEQUENCE VE

iston Skirt Photograph

Laboratory: LAB Qil Code: CMIR/OILCODE
Test NUmbEr: sTaND - RSTRUN/STRUN = RTOTSAUN/TOTSTRUN Date Completed: RDTCOMP/DTCOMP
Formulation/Stand Code: FORM

PISTONIM

D, CO0E

TEST KEINMER

Ol CODE
TEST WUMBER

FIG. A7.16 Piston Skirt Photographs

81




b D 5302

SEQUENCE VE

h h r

Laboratory:

LAB Qil Code: CMIR/OILCODE

Test Number; STAND - RSTRUN/STRUN - RTOTSRUN/TOTSTRUN Date Completed: RDTCOMP/DTCOMP

Formulation/Stand Code: FORM

CAMLOBIM

- BEST LOBE-1 EX, | S
OIL CODE
TEST NUMBER

WORST LOBE-3 IN.
OIL CODE
TEST NUMBER

FIG. A7.17 Camshaft Lobe Photographs
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SEQUENCE VE

Fron | Housing and Rocker Arm Photograph

Laboratory: LAB Qil Code: CMIR/OILCODE

Test Number: STAND - RSTRUN/STRUN - RTOTSRUN/TOTSTRUN Date Completed: RDTCOMP/DTCOMP

Formulation/Stand Code: FORM

FSH_RAIM

OiL COOE
TEST MUMBER

OIL CODE
TEST NUMBER

FIG. A7.18 Front Seal Housing and Rocker Arm Photographs
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SEQUENCE VE

Sequence VE Sample Transition Plot

Laboratory: LAB Qil Code: CMIR/OILCODE

Test Number: STAND - RSTRUN/STRUN - RTOTSRUN/TOTSTRUN Date Completed: RDTCOMP/DTCOMP

Formulation/Stand Code: FORM

TRANSIIM

Stage 3 - 1 Transition
Cycle
»
\
Moo ]
i 1
z.
< % o
g
~ Speed
[ ]
- T
(")
% CO
| PR A °

FIG. A7.19 Sequence VE Sample Transition Plot
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SEQUENCE VE
Ring Adjustmen mm
L aboratory: LAB Oil Code: CMIR/OILCODE
Test Number:  STAND - ASTRUN/STRUN -  RTOTSRUN/TOTSTRUN Date Completed:  RDTCOMP/DTCOMP
Formulation/Stand Code: FORM
Compression Ring Gap Measurements
Cylinder Top Ring Second Ring Top Ring-Land Second Ring-Land
Number Gap, in. Gap, in. Side Clearancs, in. Side Clearance, in.
1 TPRNGGP1 N2RNGGP1 TPRLCLR1 N2RLCLR1
2 TPRNGGP2 N2RNGGP2 TPRLCLR2 N2RLCLR2
3 TPRNGGP3 N2RNGGP3 TPRLCLR3 N2RLCLR3
4 TPRNGGP4 N2RNGGP4 TPRLCLR4 N2RLCLR4
Compression Ring Regap History and Wear Data
Cylinder Ring Ring Gap Ring Gap After Ring Gap Ring Gap After Ring Gap Incresse
Number Location | @ GaPHRAhrs, in. Rework, in. @ carrins, hrs, in. Rework, in. Due to Wear, in.
1 Top TPRGGP1A TPRGRW1A TPRGGP1B TPRGRW1B TPRGINC1
2 Top TPRGGP2A TPRGRW2A TPRGGP2B TPRGRW2B TPRGINC2
3 Top TPRGGP3A TPRGRW3A TPRGGP38B TPRGRW3B TPRGINC3
4 Top TPRGGP4A TPRGRW4A TPRGGP4B TPRGRW4B TPRGINC4
BORE WEAR
[POSITION Wear {mils) Tylinder Average
Tyhinder 1 Top BWCYLIT
Middle
BWCYLIM BWCYL1A
Bottom
BWCYL1B
CTylinder 2 Top BWCYL2T
Middle
BWCYL2M BWCYL2A
Bottom
BWCYL2B
Cviinder 3 top BWCYL3T
Middle
BWCYL3M BWCYL3A
Bottom
BWCYL38
[Cyiinder 3 "Top BWCYLAT
Middle
BWCYL4M BWCYL4A
Bottom
BWCYL4B
Average Bore Wear CYLBWAVG
WMaximum Bore Wear I CYLBWMAX

FIG. A7.20 Ring Adjustment Summary
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SEQUENCE VE

SEQUENCE VE DEVIATION PERCENTAGE SUMMARY

Laboratory: LAB 0i] Code: CMIR/OILCODE
Test Number: STAND - RSTRUN/STRUN - RTOTSRUN/TOTSTRUN Date Completed: RDTCOMP/DTCOMP
Formulation/Stand Code: FORM

Maximum Caiculated
Primary Parameter Permitted Deviation
Deviation Percentage
Percentage
Engine QOil Inlet Temperture, °F 2.5% OILINDP
Engine Coolant Qutlet Temperature, °F 2.5% COLOUTDP
Timing, BTDC 2.5% TIMNGDP
xhaust Gas Oxygen (Stages 1 and 2}, % 2.5% EX0212DP
Exhaust Gas CO (Stage 3), % 2.5% EXCO3DP
Engine Coolant Flow, gal/min 2.5% COLFLODP
ocker Arm Cover iniet Temperature, °F 2.5% RACINDP
Secondary Parameters
Engine Speed, r/min 5% RPMDP
Power, bhp 5% PWRDP
Rocker Arm Cover Coolant Flow Rate, gal/min 5% RACCOLDP
Exhaust Backpressure (Stages 1 & 2), in. Hg abs 5% EXBK12DP

FIG. A7.21 Deviation Percentage Summary
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SEQUENCE VE

Mid Limi eration Specification Summ
Laboratory: LAB Qil Code: CMIR/OILCODE
Test Number: STAND - RSTRUN/STRUN - RTOTSRUN/TOTSTRUN | Date Completed: RDTCOMP/DTCOMP

Formulation/Stand Code: FORM

Primary Parameter Mid Limit Operation Test Average
Specification Range Value
Engine Oil Inlet Temperature, Stage 1 (°F} 155.0 =+ 0.5 AENGOIN1
Engine Oil Inlet Temperature, Stage 2 {°F) 2100 £ 0.5 AENGOIN2
Engine Oil Inlet Temperature, Stage 3 (°F) 115.0 £ 0.5 AENGOIN3
Coolant Qutlet Temperature, Stage 1 (°F) 125.0 + 0.5 ACOLOUT1
Coolant Outlet Temperature, Stage 2 (°F) 185.0 = 0.5 ACOLOUT2
Coolant Outlet Temperature, Stage 3 (°F) 115.0 £ 0.5 ACOLOUT3
Secondary Parameters
Engine Speed, Stage 1 (r/min}) 2500 £ 5 ARPM1
Engine Speed, Stage 2 (r/min} 2500 £ 5 ARPM2
Engine Speed, Stage 3 (r/min} 750.0 £ 12.5 ARPM3
Power, Stage 1 (bhp) 33.50 + 0.25 APWR1
Power, Stage 2 (bhp) 33.50 + 0.25 APWR2
Power, Stage 3 (bhp) 1.00 £ 0.25 APWR3
Rocker Arm Coolant Flow Rate, Stage 1 (gal/min)} 2.0 £ 0.1 ARACCFR1
Rocker Arm Coolant Flow Rate, Stage 3 (gal/min) 2.0 £ 0.1 ARACCFR3

FIG. A7.22 Mid Limit Operation Specification Summary

A8. SAFETY PRECAUTIONS

A8.1 General Information tion system activates. Guards should be installed around all

A8.1.1 The operation of this proceduran expose person- externa_l rotating parts and hot surfaces. AII_fueI Ii_n_es, oil lines,
nel to hazardous materials, operations, and equipment. PersoeaM lines, process water lines, and electrical wiring should be
nel who are involved in the design, installation, and operatiorPTOP€rly routed, protected, and kept in good working order.
should be thoroughly trained and experienced. Personnel A8-1.4 The Sequence VE test exposes personnel to physical
should be provided with safety glasses, hearing protection, angZards and various hazardous chemicals to prepare parts for
proper tools. All loose clothing should be removed or securedN® est. These chemicals and a summary of specific precau-

A8.1.2 The laboratory facilities should be inspected and!ons concerning each ch_emlcal are listed as foIIows._Eme.r-
approved by the laboratory’s safety department. All Iaborator)gency shower_s and eye-rinse facilities should be provided in
areas should be kept clean and free of oil and fuel spills. Th&arts preparation areas.
laboratory should also be kept free of tripping hazards. .
Containers of fuel and oil should not be allowed to accumulateAs'2 Physical Hazards
excessively. A fixed fire protection system and adequate fire A8.2.1 Electrical shock,
extinguishers should be available in all parts of the laboratory. A8.2.2 High-speed rotating equipment,

Emergency showers should be provided throughout the labo- A8.2.3 High-temperature surfaces, and
ratory. A8.2.4 Noise.

A8.1.3 The test stands should be equipped with a fuel . ,
shut-off valve that is designed to automatically interrupt theA8-3 Hazardous Chemicals and Materials
fuel supply when the engine is not running. The engine should A8.3.1 Aliphatic Naphtha (Stoddard Solvent)
also be automatically shutdown if any of the following events A8.3.1.1 Before opening the container, relieve pressure.
occur: dynamometer loses field current, engine overspeedkgeep the container tightly closed when not in use.
exhaust system fails, room ventilation fails, or the fire protec- A8.3.1.2 Store at moderate temperatures and keep away

87



b D 5302

from heat, sparks, open flame, oxidizing agents, acids, andnd sweep up. Alternatively, flush with water into a retaining

bases. area or container.
A8.3.1.3 Use dry chemical, foam, or G@s extinguishing A8.3.4.5 Use safety glasses and impervious gloves when
media. handling.

A8.3.1.4 In case of spillage, cover with absorbent material A8.3.4.6 Use respiratory hydrocarbon vapor canister in
and sweep up. Alternatively, flush with water into a retainingenclosed areas.

area or container. A8.3.4.7 Use only if adequate ventilation is available.
A8.3.1.5 Use safety glasses and impervious gloves when A8.3.4.8 Avoid contact with eyes, skin, and clothing.
handling. A8.3.4.9 Flush eyes with water for 15 min after contact.
A8.3.1.6 Use cartridge or air-line respirators in enclosedWash skin thoroughly with soap and water.
areas. A8.3.5 New and Used Oil Samples
A8.3.1.7 Use only if adequate ventilation is available. A8.3.5.1 Store at moderate temperatures and keep away
A8.3.1.8 Avoid contact with eyes, skin, and clothing. from extreme heat, sparks, open flame, and oxidizing agents.
A8.3.1.9 Flush eyes with water for 15 min after contact. (a) (@) Use dry chemical, foam, or CCas extinguishing
Wash skin thoroughly with soap and water. media.
A8.3.2 Cooling System Cleanser, No. 7 (DuPont Formula- (b) (b) In case of spillage, cover with absorbent material
tion): and sweep up.
A8.3.2.1 Store at moderate temperatures. Keep container (c) (¢) Use safety glasses and impervious gloves when
closed until use. handling.
A8.3.2.2 Use water spray, dry chemical, foam, or €@s (d) (d) Avoid contact with eyes, skin, and clothing.
extinguishing media. (e) (e) Flush eyes with water for 15 min after contact.
A8.3.2.3 In case of spillage, sweep up. Prevent entry intdVash skin thoroughly with soap and water.
natural bodies of water. A8.3.5.2 Used Oil Samples Onk¢Since used oils contain
A8.3.2.4 Use safety glasses and impervious gloves wheaompounds that were not originally present in the new oail,
handling. follow the most stringent Material Safety Data Sheets guide-
A8.3.2.5 Use respiratory protection in absence of propefines for all components presentWérning—In addition to
environmental control. other precautions, note that continuous contact with used motor
A8.3.2.6 Use only if adequate ventilation is available. oils has caused skin cancer in laboratory mice.)
A8.3.2.7 Avoid contact with eyes, skin, and clothing. A8.3.6 Organic Solvent (Oakite 811)
A8.3.2.8 Flush eyes with water for 15 min after contact. A8.3.6.1 Before opening the container, relieve pressure.
Wash skin thoroughly with soap and water. Keep the container tightly closed when not in use.
A8.3.3 Ethyl Acetate A8.3.6.2 Store at moderate temperatures and keep away
A8.3.3.1 Before opening the container, relieve pressurefrom direct sunlight, heat, sparks, open flame, and oxidizing
Keep the container tightly closed when not in use. agents.

A8.3.3.2 Store at moderate temperatures and keep awayA8.3.6.3 Use dry chemical, foam, or G@s extinguishing
from heat, sparks, open flame, oxidizing agents, acids, anohedia.

bases. A8.3.6.4 In case of spillage, cover with absorbent material,
A8.3.3.3 Use dry chemical, foam, or G@s extinguishing sweep up, and haul away. Alternatively, flush with water into a
media. retaining area or container.

A8.3.3.4 In case of spillage, cover with absorbent material A8.3.6.5 Use safety glasses and impervious gloves when
and sweep up. Alternatively, flush with water into a retaininghandling.

area or container. A8.3.6.6 Use respiratory hydrocarbon vapor canister in
A8.3.3.5 Use safety glasses and impervious gloves wheanclosed areas.
handling. A8.3.6.7 Use only if adequate ventilation is available.
A8.3.3.6 Use cartridge or air-line respirators in enclosed A8.3.6.8 Avoid contact with eyes, skin, and clothing.
areas. A8.3.6.9 Flush eyes with water for 15 min after contact.
A8.3.3.7 Use only if adequate ventilation is available. Wash skin thoroughly with soap and water.
A8.3.3.8 Avoid contact with eyes, skin, and clothing. A8.3.7 Organic Solvent (Penetone ECS)
A8.3.3.9 Flush eyes with water for 15 min after contact. A8.3.7.1 Before opening the container, relieve pressure.
Wash skin thoroughly with soap and water. Keep the container tightly closed when not in use.
A8.3.4 Unleaded Gasoline (Phillips J Fuel) A8.3.7.2 Store at moderate temperatures and keep away
A8.3.4.1 Before opening the container, relieve pressurefrom heat, sparks, open flame, and strong oxidizing agents.
Keep the container tightly closed when not in use. A8.3.7.3 Use dry chemical, foam, or G@s extinguishing
A8.3.4.2 Store at moderate temperatures and keep awayedia.
from heat, sparks, open flame, and oxidizing agents. A8.3.7.4 In case of spillage, cover with absorbent material,
A8.3.4.3 Use dry chemical, foam, or G@s extinguishing and sweep up. Dispose in accordance with RCRA procedures.
media. A8.3.7.5 Use safety glasses and impervious gloves when

A8.3.4.4 In case of spillage, cover with absorbent materiahandling.
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A8.3.7.6 Use respiratory hydrocarbon vapor canister in A8.3.8.4 In case of spillage, cover with absorbent material,

enclosed areas. sweep up, and haul away.
A8.3.7.8 Avoid contact with eyes, skin, and clothing. handling.

A8.3.7.9 Flush eyes with water for 15 min after contact. . . .
Wash skin thoroughly with soap and water. A8.3.8.6 Use respiratory hydrocarbon vapor canister in

A8.3.8 n-Pentane enclosed areas. . . .
A8.3.8.1 Before opening the container, relieve pressure. A8.3.8.7 Use only if adequate ventilation is available.

Keep the container tightly closed when not in use. A8.3.8.8 Avoid contact with eyes, skin, and clothing.
AB.3.8.2 Store at moderate temperatures and keep awayAg.3.8.9 Flush eyes with water for 15 min after contact.
from heat, sparks, and open flame. o Wash skin thoroughly with soap and water.
A8.3.8.3 Use dry chemical, foam, or G@s extinguishing
media.

A9. AUTOMATIC DATA ACQUISITION

A9.1 Three levels of performance for data acquisitionutilize some technique to reduce the volume of data reported,
systems have been outline by the Data Acquisition Task Forcehat is, averaging. Reports generated from enhanced systems
Guidelines for the three systems are outlined as followsshould be formatted as prescribed in the procedure. However,
Additional information concerning data acquisition systemsa statement is added that defines data that is enhanced and the
can be found in 2.6. method used for enhancement.

A9.2 Manual—Manual systems may utilize hand logging
of operating data or automatic recording of one or mor
measured parameters. These systems record data only at

A9.4 Automated-Alarms for parameter excursions must
iﬁee at a frequency compatible with process control require-

intervals prescribed by the procedure. Reports generated fro ents. The frequency of data recording must be compatible

manual systems should be formatted as prescribed by th\gIth sound engineering ‘%”d stafistical p_ract|ce for_t_rend analy-
procedure. sis and review of operation. The reporting capability must be

consistent with data user requirements, including reporting

A9.3 Enhanced-Some or all of the data is recorded at a out-of-limit data. The system must be capable of accepting
higher frequency than is prescribed by the procedure. Enmanual entry of data not available from full-time sensors in a
hanced systems usually utilize automatic data acquisition andata base that is common with the other data.

A10. OAKITE 811 MONITORING PROGRAM

A10.1 If the laboratory utilizes Oakite 811, the level of solution should be replaced when this occurs.
butyl cellosolve must be monitored on a weekly basis. The A10.3.4 Apparatus

Oakite 811 should l::)e replaced when the butyl cellosolve A10.3.4.1Gas Chromatograph-The gas chromatograph

content falls below 5 % by volume. should be equipped with a flame ionization detector (FID). The
A10.2 Two test methods have been found to be effective t@Pillary must have an inlet and detector system designed for

determine the level of butyl cellosolve: determination byfused-5|l|ca capillary chromatography. The recorder must have

capillary column gas chromatography (GC) and determinatiot "ange from 0 to 1 mV and a response tinfel s orless.
by GC. The two test methods are detailed as follows: A10.3.4.2 Data Analysis SystemThe data analysis system
must provide a means to perform peak integration.
A10.3 Determination of Butyl Cellosolve Content by Cap-  A10.3.4.3 Columr—The column must be a crosslinked, 5 %

illary Column GC phenylmethyl silicone-fused silica column. The dimensions of
A10.3.1 Scope-This test method utilizes a fused capillary the column are 25 m by 0.32 mm.
column GC method. A10.3.4.4 Syringe—All syringes must be a 10-L syringe

A1.0_.3.2 Summary of Te;t _M.ethfadSamples of Oakite 811 graduated in 0.1-L increments.
are injected using the split injection mode on a crosslinked, A10.3.5 Conditions of Analvsis
5% phenylmethyl silicone-fused silica column. An internal e y _ _
standard is added to each sample prior to injection. Percent A10-3.5.1 Temperatures- Sample inlet system is 250°C;
volume butyl cellosolve is determined by standard addition. detector is 320°C; initial column temperature is 40°C; and final

A10.3.3 Significance— If the butyl cellosolve level of column temperature is 300°C.

Oakite 811 falls below 5% by volume, a gel-like substance A10.3.5.2 Temperature Change Raté°C/min for 15 min;
forms on parts when they are rinsed with water. The cleaning4°C/min after 15 min.
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A10.3.5.3 Total Time for Temperature Chang®0 min area of butyl cellosolve in V

(variable). areaofhexonal  ~ WV (A10.1)
A10.3.5.4 Electrometer Attenuatiqr82/range 10 where:
A10.3.5.5 Column Head Pressujé psig (34 kPa). V = Oakite 811 blend used to make up the standard blends,
A10.3.5.6 Injection Mode split. and
A10.3.5.7 Inlet Split Vent Flow Rate480 mL/min. S = WX % volume of Oakite 811 in the standard blend.
A10.3.5.8 Column Makeup Gas Flow Rat80 mL/min. Example—A 14 % butyl cellosolve standard solution made
A10.3.5.9 Recorder Chart Speed cm/min. up in Oakite 811 would be 86 % Oakite 81/ X 0.86 =S,
A10.3.6 Reagents and Materials The actual peak area ratio of standard is calculated using the
A10.3.6.1 Gases—Helium (carrier gas), regular grage following formula:

99.995 % pure; hydrogen (detector gas), prepurified; and air area of butyl cellosolve in V/ (A10.2)

(detector gas), breathing grade. area of hexonal '
A10.3.6.2 Solvents—Methanol, HPLC grade; hexonal, where:

HPLC grade; and putyl cellosolve;99 % pure. S = WX % volume of Oakite 811 in the standard blend.
A10.3.7 Preparation of Standards and Samples Example—A 14 % buty! cellosolve standard solution made

A10.3.7.1 Preparation of Standards-Standards are pre- yp in Oakite 811 would be 86 % Oakite 81/ X 0.86 = S
pared using the standard addition technique. Prepare a stock
solution of 20 % butyl cellosolve by volume in Oakite 811. where:

From the stock solution, prepare the following solutions in X = total area of butyl cellosolve in the sample to be
10-mL flasks: &) 5-mL stock solution+5 mL Oakite quantitated.
811 = 10 %, b) 2-mL stock solution + 8 mL Oakite 81= 4 %, A10.3.9.2 Percent Volume Butyl Cellosok€The data from

and €) 7-mL stock solution + 3 mL Oakite 811 = 14 %. Pipette the following calibration curve is used to determine the percent
10 mL of the stock solution into each of the 10-mL flasks andvolume butyl cellosolve in the sample after thetual peak

fill the flasks to the 10-mL mark with Oakite 811. Add 1 mL of area ratio is calculated for the sample. The correlation coeffi-
hexonal into three additional 10-mL flasks that are labeléd ~ cient of the data is 0.99998:

b-I, and c-I. Hexonal is a slightly viscous liquid. When Actual Peak Area Ratio % Volume
dispensing it with a pipette, a thin film of liquid can be seen g'ggg 13
trailing the slug of the solvent. This film should travel to the tip 0.996 14

of the pipette approximately 1 min before the pipette is
removed from the flask. Withdraw 9 mL of the standard X : .
solution from flasksa, b, and ¢, and dispense into the contam_mated afteraser!es of ar_lalyses and should be used prior
respective 10-mL flasks containing hexonal. Cap the ﬂaskst,0 use in another analytical project.
mix well, and seal the flasks with parafilm until ready for use.
A10.3.7.2 Preparation of SamplesAdd 1 mL of hexonal

hromatography
to a labeled 10-mL flask for each sample to be analyzed. FiIF graphy _ .
each flask to the 10-mL mark with a sample. Cap the flasks, A10.4.1 Scope—This test method utilizes gas chromatogra-

mix well, and seal the flasks with parafilm until ready for use.PhY to determine the volume percentage of butyl cellosolve in

Prepare all samples and standards in a 9:1 ratio:sampl&aKite 811 cleaning compound.
internal standard or standard:internal standard. A10.4.2 Summary of Test MetheeThe percent volume of

A10.3.8 Procedure butyl cellosolve _ir_1 Oaki.te 811 is determined by the technique
A10.3.8.1 Prepare the gas chromatograph for the operatincg);f standard gddl_tlon using gas chromatography.
O . A10.4.3 Significance and Uself the butyl cellosolve level
conditions stated in 6.1.2.

of Oakite 811 falls below 5 % by volume, a gel-like substance
A10.3.8.2 Sample Injection TechniqueA solvent flush e 9

e ; ! forms on parts when they are rinsed with water. The cleanin
method is utilized. Draw methanol into the syringe to the 0.5-Lg | 1tion sﬁould be replaged when this occurs ¢

mark. Raise the methanol slug to the 3-L mark. Draw the A10.4.4 Apparatus

analysis sample to the 1-L mark in one continuous motion. A10.4.4.1Gas Chromatograph-The gas chromatograph

_Ralse the.sample slug to the 3-L mark to Pmd“ce a slug of ai hould be equipped with a thermal conductivity detector (the

in the syrnge ”‘?ed'e ‘."‘r.]d Iqwer barrel. Inject the Sar_"p'? an uitability of a FID has not been determined). The recording

hold the syringe in the injection portif& s before removing it. potentiometer must have a full-scale response tifé & or
A10.3.8.3 Start the gas chromatograph and all recording |ggs.

devices o . A10.4.4.2 Data Analysis SystemThe data analysis system
A10.3.8.4 Complete the anaIySIS in accordance with thQnust provide a means to perform area integration_

temperature change specifications shown in A10.2.5.2 and A10.4.4.3 Columnr—The column must be a OV-101 station-

A10.2.5.3. _ ary phase with 10 % on 100/200 and Gas Chrom Q packing.
A10.3.9 Calculation The dimensions of the column are 6-ft by 0.125-in. (1.83-m by
A10.3.9.1 Calibration Data—Determine the peak area ratio 3.18-mm) outside diameter.

for each standard in accordance with the following equation: A10.4.4.4 Syringe—All syringes must be a 10-L syringe

A10.3.10 Comments-The injection port liner becomes

A10.4 Determination of Butyl Cellosolve Content by Gas
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graduated in 0.1-L increments. A10.4.7.3 After the butyl cellosolve peak has eluded (ap-
A10.4.4.5 Flow Controllers—The gas chromatograph must proximately 5 min), rapidly raise the oven temperature to
be equipped with constant flow controllers. 300°C to elute the high boiling components of the sample.
A10.4.5 Reagents and Materials When the baseline returns to its initial level, lower the oven
A10.4.5.1 Helium (Carrier Gas) zero grade. temperature to 80°C.
A10.4.5.2 Butyl Cellosolve purity =99 %. A10.4.7.4 Record the butyl cellosolve peak areas for all four

A10.4.6 Preparation of Sample-Prepare four solutions samples.
containing 10, 15, 20, and 25 % volume butyl cellosolve in A10.4.8 Interpretation of Results-Plot the area of the butyl
Oakite 811. Mix the solutions thoroughly for 2 min. cellosolve peaks versus the percent volume of the butyl
A10.4.7 Procedure cellosolve added to the Oakite 811. The negative obaxis
A10.4.7.1 Set the injection port temperature to 300°C.intercept is the value of the volume percentage of butyl
Adjust the flow rate to 40 mL/min. Set the detector temperatureellosolve in the Oakite 811. The negative of tkeaxis
to 350°C. Adjust the oven temperature to 80°C. Inject exactlyintercept can also be determined by least squares analysis.
5 L of sample. A10.4.9 Precision
A10.4.7.2 Turn on the chart recorder and integrator imme- A10.4.9.1 Repeatability— The difference between succes-
diately after sample injection. Maximize the butyl cellosolve sive test results obtained by the same operator with the same
peak area of the sample containing the highest level of butydpparatus under constant operating conditions on identical test
cellosolve. Do not adjust the sensitivity for subsequentmaterial should not exceetl0.3 % volume in one case out of
samples. twenty.

All. TEST PRECISION—REFERENCE OILS

Note Al1.1—This is for operationally valid tests through June 30, TABLE A11.1 Reference Oil Precision Statistics
1991. Measured Units
Variable Repeatability® Reproducibility©
All.1 Repeatability(r) in Table A11.1 is the difference _ : _ s ” re sg”  RE
bet . It btained th test oil by t verage Engine Varnish, merits 0.26 0.73 0.28 0.78
etween successive results obtained on the same test oil by thg age piston varnish, merits 0.95 070 024 067
same operators on the same test stand, and would, in the long Transformed Units
run, in the normal and correct conduct of the test method, Variaby Repeatability®  Reproducibility®
. . ariable
exceed the values shown in only one case in twenty. It should s, P re Se P RE
be noted that these successive tests are not run in the sam@rage Engine Siudge, - In (9.65- 048 134 048 134
engines; that is, each engine is completely rebuilt before eacherits) _
test d the enaine is believed to be an important VariabIRocker Cover Sludge, - In (9.65-merits) 0.50 1.40 0.52 1.46
est, an g p Kverage Cam Wear, \/(mils) 056 157 056 157

affecting the precision of the test. Maximum Cam Wear, \/(mils) 0.83 232 0.83 232

AThese statistics are based on results obtained on Test Monitoring Center
Al11.2 Reproducibility (R) is as defined previously in Reference Oils 926-1, 925-2, 927-1, 925, and 1002 over the period from April 1992
through September 1994.
16.1.1.3. B Repeatability values refer to tests run on the same oil in the same laboratory.
€ Reproducibility values refer to tests run on the same oil in different laborato-
. ries.
All1l.3 InTable A1_1.1x is the average value of two or more "5 _ o, qard deviation.
tests on the same oil. E On the basis of test error alone, the difference, in absolute value, between two
test results will be expected to exceed this value about 5 % of the time. This value
. . .. is obtained by multiplying the standard deviation by 2.8.
Al1l1.4 The reference oil test operating conditions are more o )
carefully scrutinized than those for the candidate oil tests, anB€tween the two precision estimates.
a significantly higher percentage of reference oil tests are

rejected as a result. This could represent a source of bias
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A12. CONTROL CHART TECHNIQUE FOR SEVERITY ADJUSTMENT (SA)

Al12.1 Average Engine Sludge (AES) -SAn EWMA Multiply 0.695 by the RACS standard deviation for oil 926-1.
technique is applied to standardized calibration test AESMultiply this number by — 1 and round to three places after the
results. Results are converted to transformed units by thdecimal. Record this value on the test results summary page of
formula — 1X (In (9.65 — AES)). Transformed values are stan-the test report in the space for RACS applied SA. Add this
dardized using delta/sA(s) ((result — target)/standard devia- value to the transformed non-reference result. Multiply this
tion). The targets and standard deviations for current referencaum by — 1. Find the antilog. Subtract the antilog from 9.65
oils are published by the ASTM TMC. and round to two places after the decimal. Enter this number in

A12.1.1 Include all operationally valid reference tests in ath® RACS final result space on the test results summary page
laboratory control chart. Chart tests in order of completion dat@f the test report. An SA will remain in effect until the next
and time. A minimum of two tests is required to initialize a référence test. At that time, calculate a new EWMA.

control chart. Calculate EWMA values using Eq A12.1. A12.3 Average Engine Varnish (AEV) SAn EWMA
Z=0.2(Y;) +0.8(Z;_y) (A12.1)  technique is applied to standardized calibration test AEV
) results. For reference tests starting after January 15, 1992, and
where: : before May 1, 1993, adjust h aver ngine varnish result
Z, = 0 andy, =standardized test result, and etore May ., » adjust each average engine varnisn resu

z EWMA of the standardized test result at test order by adding 0.18 to the AEV rati_ng. Ente_r the corrected rating in
' the corrected results space in the final test report for tests

If the absolute value of the EWMA, rounded to three placescOmPleted after May 1, 1993. Values are standardized using

after the decimal, exceeds 0.653, then apply an SA to subsé’—elta‘/S Q/s) ((reSL.‘“ - target)/standard deviation). The targets
quent non-reference results. The following example illustrate nd standard deviations for current reference oils are published
the application of Eq A12.1 for determining the application of y the ASTM TMC.
AES SA. A12.3.1 Include all operationally valid reference tests in a
Z, = 0.694 andY, = 1.247 (A12.2) laboratory control chart. Chart tests in order of completion date
and time. A minimum of two tests is required to initialize a
EWMA = 0.2(1.247 + 0.8(0.694 = 0.805 control chart. Calculate EWMA values using A12.1. If the
Al12.1.2 Sincel0.805 > 0.653, an SA must be applied. absolute value of the EWMA, rounded to three places after the
Multiply 0.805 by the AES standard deviation for oil 926-1. decimal, exceeds 0.653, then apply an SA to subsequent
Multiply this value by — 1 and round to three places after thenon-reference results. The following example illustrates the
decimal. Record this value on the test results summary of thase of Eq A12.1 for determining the application of an AEV SA.
test report in the space for AES applied SA. Add this value to Z,=-0.572 andY, = 1.469 (A12.4)
the transformed non-reference result. Multiply this sum by — 1.
Find the antilog. Subtract the antilog from 9.65 and round to EWMA =0.2(-1.469 + 0.8(-0.573 = -0.751
two places after the decimal. Enter this number on the test A12.3.2 Since — 0.751 > 0.653, an SA must be applied.
results summary of the test report in the space for the AEMultiply — 0.751 by the AEV standard deviation for oil 926-1.

Final Result. An SA will remain in effect until the next Multiply this value by — 1 and round to three places after the
reference test. At that time, calculate a new EWMA. decimal. Record this value on the test results summary of the
test report in the space for AEV applied SA. Add this value to

A12.2 Rocker Arm Cover Sludge (RACS)-SAn EWMA  the non-reference result. Enter this number in the AEV final

technique is applied to standardized calibration test RACSesult space on the test results summary page of the test report.

results. Results are converted to transformed units by than SA will remain in effect until the next reference test. At that

formula - 1X (In (9.65 - RACS)). Transformed values are time, calculate a new EWMA.

standardized using delta/a/§) ((result — target)/standard de-

viation). The targets and standard deviations for current refer- A12.4 Piston Skirt Varnish (PSV) SAAn EWMA tech-
ence oils are published by the ASTM TMC. nigque is applied to standardized calibration test PSV results.

A12.2.1 Include all operationally valid reference tests in aor rife{(;gze tzztsosltgriedthafter Ma;rcah P185V 1992I’t aEdt beI(r)]re
laboratory control chart. Chart tests in order of completion daté\/lay ’ ; aod b 0 the reporte result. Enter the
and time. A minimum of two tests is required to initialize a corrected rating in the corrected results space in the final test

control chart. Calculate EWMA values using Eq A12.1. If the "ePOTt for tests completed after May 1, 1993. Values are

absolute value of the EWMA, rounded to three places after thétandardized using delta/a/g) ((result - target)/standard de-

decimal, exceeds 0.653, then apply an SA to subseque?ﬂaﬂon)' The targets and standard deviations for current refer-

non-reference results. The following example illustrates thé&NCce oils are published by the ASTM TMC.

use of EqA12.1 for determining the application of a RACS SA. Al2.4.1 Include all operationally valid reference tests in a
Z, = 0.570 andY, = 1.195 (A12.3) laboratory control chart. Chart tests in order of completion date

and time. A minimum of two tests is required to initialize a
EWMA = 0.2(1.193 + 0.8(0.570 = 0.695 control chart. Calculate EWMA values using Eq A12.1. If the
A12.2.2 Sincel0.693 > 0.653, an SA must be applied. absolute value of the EWMA, rounded to three places after the

92



b D 5302

decimal, exceeds 0.653, then apply an SA to subsequefdrmed non-reference result is less than zero, enter zero.
non-reference results. The following example illustrates theétherwise, square the result and round to two places after the
use of Eq Al12.1 for determining the application of a PSV SA.decimal. Enter this number in the ACW final result space on the

Z,=0.667 andY, = —1.062 (Al2.5) testresults summary page of the test report. An SA will remain
in effect until the next reference test. At that time, calculate a
EWMA = 0.2(1.062 + 0.8(0.667) = 0.746 new EWMA.

Al12.4.2 Sincel0.746 > 0.653, an SA must be applied.
Multiply 0.746 by the PSV standard deviation for oil 926-1. A12.6 Maximum Cam Wear (MCW) SAApply an EWMA
Multiply this value by — 1 and round to three places after thetechnique to standardized calibration test MCW results. Con-
decimal. Record this value on the test results summary of theert tests completed prior to March 10, 1997, to micrometres
test report in the space for PSV applied SA. Add this value tdy multiplying the result by 25.4. Convert results to trans-
the non-reference result. Enter this number in the PSV finalormed units by taking the square root of the MCW result. Add
result space on the test results summary page of the test repckt693 to transformed reference oil test results completed after
An SA will remain in effect until the next reference test. At that August 31, 1995, and before May 16, 1996. Standardize
time, calculate a new EWMA. transformed values using delta/a\/§) ((result — target)/
standard deviation). The targets and standard deviations for

A12.5 Average Cam Wear (ACW) SAApply an EWMA  cyrrent reference oils are published by the ASTM TMC.
technique to standardized calibration test ACW results. Con- A12.6.1 Include all operationally valid reference tests in a

vert tests completed prior to March 10, 1997, to micrometre . ;
S aboratory control chart. Chart tests in order of completion date
by multiplying the result by 25.4. Convert results to trans- . - . . L
and time. A minimum of two tests is required to initialize a

formed units by taking the square root of the ACW result. Add .
1.451 to transformed reference oil test results completed afté:rOntrOI chart. Calculate EWMA values using Eq A12.7.

August 31, 1995, and before May 16, 1996. Standardize values Z=0.2(Y;) +0.8(Z;_y) (A12.7)
using delta/s 4/s) ((result - target)/standard deviation). The where:
targets and standard deviations for current reference oils arg - = 0
published by the ASTM TMC. Y, standardized test result, and

A12.5.1 Include all operationally valid reference tests in aZ, = EWMA of the standardized test result at test order
laboratory control chart. Chart tests in order of completion date If the absolute value of the EWMA, rounded to three places
and time. A minimum of two tests is required to initialize a after the decimal, exceeds 0.653, then apply an SA to subse-
control chart. Calculate EWMA values using Eq A12.1. If the quent non-reference results. The following example illustrates
absolute value of the EWMA, rounded to three places after théhis process:
decimal, exceeds 0.653, then apply an SA to subsequent Z, = 0.634 andY, = 1.369 (A12.8)
non-reference results. The following example illustrates the

use of Eq A12.1 for determining the application of an ACW E\_NMA =0.2(1.369 + 0.8(0.634 = 0.781 .
SA. A12.6.2 Sinced — 0.781 > 0.653, an SA must be applied.

Multiply 0.781 by the MCW standard deviation for oil 926-1.
Multiply this value by — 1 and round to three places after the
EWMA = 0.2(-1.199 + 0.8(-0.54) = -0.672 decimal. Record this value on the Test Results Summary of the

Al12.5.2 Sincd — 0.672 > 0.653, an SA must be applied. test report in the space for MCW Applied SA. Add this value
Multiply — 0.672 by the ACW standard deviation for oil 926-1. to the transformed non-reference result. Square result and
Multiply this value by — 1 and round to three places after theround to one place after the decimal. Enter this number in the
decimal. Record this value on the test results summary of th®ICW Final Result space on the Test Results Summary page of
test report in the space for ACW applied SA. Add this value tothe test report. An SA will remain in effect until the next
the transformed non-reference result. If the adjusted trangeference test. At that time, calculate a new EWMA.

Z,=-0.541andY, = -1.197 (A12.6)

A13. STATISTICAL EQUATIONS FOR MEAN AND STANDARD DEVIATION

Zi) — mear?

df

deviation.

Al13.1 See EqA13.1 and Eq A13.2 for mean and standard i .
standard deviatiorr \/I1 (A13.2)

1 n
mean= — Yi(standard — Zi (readin A13.1
73 [Yilstandard - Zi(reading]  (A13D)

n = total number of data pairs, and
df degrees of freedom p-1.
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Al4. DATA DICTIONARY

Al14.1 Figs. A14.1-A14.13 is the Data Dictionary, Figs.
Al14.14 and A14.15 is the Repeating Field Specifications, and
Fig. A14.16 is the Header Data Dictionary
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VERSION
TSTSPON1
TSTSPON2
LABVALID
STAND
RSTRUN
STRUN
RTOTSRUN
TOTSTRUN
RDTCOMP
DTCOMP
REOTTIME
EOTTIME
OILCOOE
CMIR
FORM
ALTCODE1
ALTCODE2
ALTCOOE3
OPVALID
SUBLAB
SUBSIGIM
SUBNAME
SUBTITLE
LAB
SAEVISC
IND
TESTLEN
ENGINE
NOMPISOV
FUELBTID
DTSTRT
STRTTIME
LABOCODE
RACSRT
TRANRACS
RACCF
TRACSCOR
RACSSA
TRACSFNL
RACSFNL
CAMBFSRT
VLVOCKRT
FSLHSGRT
CYLBLKRT
OILPNSRT
AES
TRANAES
AESCF
TAESCOR
AESSA
TAESFNL
AESFNL
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Data Dictionary

YYYYMMDD
YYYYMMDD
LLH ]
HH: MM

HAS/HAS NOT

HHH

YYYYMMDD
HH:MM

MERITS
TRANS UNITS
TRANS UNITS
MERITS
TRANS UNITS
TRANS UNITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
TRANS UNITS
TRANS UNITS
MERITS
TRANS UNITS
TRANS UNITS
MERITS

Description

VE VERSION 19970902

TEST PURCHASER, FIRST LINE

TEST PURCHASER, SECOND LINE

TEST LAB VALIDATION (V, 1 OR W)

STAND

REFERENCE STAND RUN

RUNS BETWEEN CALIBRATION TESTS

REFERENCE TOTAL RUNS ON STAND

TOTAL RUNS-TEST STAND

REFERENCE DATE COMPLETED (YYYYMMDD)

DATE COMPLETED (YYYYMMDD)

REFERENCE END OF TEST TIME (HH:MM)

TIME COMPLETED (HH:MM)

NON REFERENCE OIL COOE

CMIR

FORMULATION/STAND CODE

ALTERNATE OIL CODE 1

ALTERNATE OIL COOE 2

ALTERNATE OIL CODE 3

OPERATIONAL VALIDITY STATEMENT (HAS/HAS NOT)
SUBMITTED BY: TESTING LABORATORY

SUBMITTED BY: SIGNATURE IMAGE

SUBMITTED BY: SIGNATURE TYPED NAME

SUBMITTED BY: TITLE

LAB CODE

SAE VISCOSITY GRADE

TMC OIL CODE

TEST LENGTH (HHH)

NON-REFERENCE ENGINE

NOMINAL PISTON OVERSIZE

FUEL BATCH IDENTIFIER

START DATE (YYYYMMDD)

START TIME (HH:MM)

LABORATORY INTERNAL OIL CODE

ROCKER ARM COVER SLUDGE RATING (MERITS)
TRANSFORMED RACS RESULTS (TRANS UNITS)
ROCKER ARM COVER SLUDGE CORRECTION FACTOR (TRANS UNITS)
ROCKER COVER SLUDGE CORRECTED RATING - TRANSFORMED (MERITS)
ROCKER ARM COVER SLUDGE -APPLIED SA (TRANS UNITS)
TRANSFORMED RACS FINAL RESULTS (TRANS UNITS)
ROCKER ARM COVER SLUDGE FINAL RESULT (MERITS)
CAMSHAFT BAFFLE SLUDGE RATING (MERITS)

VALVE DECK SLUDGE RATING (MERITS)

FRONT SEAL HOUSING SLUDGE RATING (MERITS)
CYLINDER BLOCK SLUDGE RATING (MERITS)

OIL PAN SLUDGE RATING (MERITS)

AVG ENGINE SLUDGE RATING (MERITS)
TRANSFORMED AES RESULTS (TRANS UNITS)

AVG ENGINE SLUDGE CORRECTION FACTOR (TRANS UNITS)
AVG ENGINE SLUDGE CORRECTED RATING - TRANSFORMED (MERITS)
AVG ENGINE SLUDGE -APPLIED SA (TRANS UNITS)
TRANSFORMED AES FINAL RESULTS (TRANS UNITS)
AVG ENGINE SLUDGE FINAL RESULT (MERITS)

FIG. Al4.1 Data Dictionary
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550
560
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580
590
600
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620
&30
640
650
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820
830
840
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860
870
880
890
900
910
920
930
940
950

970

980

990
1000
1010
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1040
1050
1060
1070
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Field
Name

PISKVRT
PISKVCF
PSVSA
PISKVFNL
RACVRT
CAMBFVRT
CYLWLVRT
OILPNVRT
AEV
AEVCF
AEVSA
AEVFNL
ACW
TRANACY
ACWCF
TACWCOR
ACWSA
TACWFNL
ACWFNL
MCW
TRANMCW
MCWCF
THMCWCOR
MCWSA
TMCWFAL
MCWFNL
ARAW
MAXRAW
ATRGINC
MXTRGINC
ARBWL
MAXBWL
OSCRNSLG
OSCRNDEB
OILRING
pcvig
Pcve
NOCAMLOB
AVGCLD
AVGSLD
AVGORLD
AVGPUCD
INVLVDEP
NSLFTPLG
NHSCMPRG
NSTKORNG
OILCON
ACBLWRT1
RSAEVISC
RTESTLEN
RENGINE
RNOMPISO
RFUELBID
RDTSTRT

5
é
6
5
]
5
5
]
5
é
é
5
é
é
(]
6
é
é
é
6
6
é
6
é
é
6
é
6
H
5
é
é
4
4
4
4
4
1
5
5
]
5
4
1
1
1
3
4
7
3
é
4
2
8
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Field Decimal Data
tength Size  lype Units/Format  Description
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Report: ASTM Data Dictionary

MERITS PISTON SKIRTS VARNISH RATING (MERITS)

MERITS PISTON SKIRTS VARNISH CORRECTION FACTOR (MERITS)
MERITS PISTON SKIRT VARNISH -APPLIED SA (MERITS)
MERITS PISTON SKIRTS VARNISH FINAL RESULT (MERITS)
MERITS ROCKER ARM COVER VARRKISH RATING (MERITS)
MERITS CAMSHAFT BAFFLE VARNISH RATING (MERITS)
MERITS CYLINDER WALLS VARNISH RATING (MERITS)
MERITS OIL PAN VARNISH RATING (MERITS)

MERITS AVG ENGINE VARNISH RATING (MERITS)

MERITS AVG ENGINE VARNISH CORRECTION FACTOR (MERITS)
MERITS AVG ENGINE VARNISH -APPLIED SA (MERITS)
MERITS AVG ENGINE VARNISH FINAL RESULT (MERITS)

MICROMETERS AVG CAMSHAFT WEAR (MICROMETERS)

TRANS UNITS TRANSFORMED ACW RESULTS (TRANS UNITS)

TRANS UNITS AVG CAMSHAFT WEAR CORRECTION FACTOR (TRANS UNITS)

TRANS UNITS AVG CAMSHAFT WEAR CORRECTED RATING - TRANSFORMED (TRANS UNIT
TRANS UNITS AVG CAM WEAR -APPLIED SA (TRANS UNITS)

TRANS UNITS TRANSFORMED ACW FINAL RESULTS (TRANS UNITS)

MICROMETERS AVG CAMSHAFT WEAR FINAL RESULT (MICROMETERS)

MICROMETERS MAX CAMSHAFT WEAR (MICROMETERS)

TRANS UNITS TRANSFORMED MCW RESULTS (TRANS UNITS)

TRANS UNITS MAX CAMSHAFT WEAR CORRECTION FACTOR (TRANS UNITS)

TRANS UNITS MAX CAMSHAFT WEAR CORRECTED RATING - TRANSFORMED (TRANS UNIT
TRANS UNITS MAX CAM WEAR -APPLIED SA (TRANS UNITS)

TRANS UNITS TRANSFORMED MCW FINAL RESULTS (TRANS UNITS)

MICROMETERS NAX CAMSHAFT WEAR FINAL RESULT (MICROMETERS)

MG AVG ROCKER ARM WEAR (NMG)

MG MAX ROCKER ARM WEAR (MG)

MILS AVG TOP RING GAP INCREASE WEAR (MILS)

MILS MAX TOP RING GAP INCREASE WEAR (MILS)

MG AVG ROD BEARING WEIGHT LOSS WEAR (MG)

MG MAX ROD BEARING WEIGHT LOSS WEAR (MG)

X AREA OIL SCREEN SLUDGE CLOGGING (X AREA)

X AREA OIL SCREEN DEBRIS CLOGGING (X AREA)

% AREA OIL RING CLOGGING (X AREA)

X AREA PCV VALVE AT 18 IN. HG. CLOGGING (X AREA)

X AREA PCV VALVE AT 8 IN. HG. CLOGGING (% AREA)
NUMBER OF CAMSHAFT LOBE WOLES

MERITS AVERAGE CROWN LAND DEPOSITS (MERITS)

MERITS AVERAGE SECOND LAND DEPOSITS (MERITS)

MERITS AVERAGE OIL RING LAND DEPOSITS (MERITS)

MERITS AVERAGE PISTON UNDER CROWN DEPOSITS (MERITS)

MERITS INTAKE VALVE DEPOSITS (MERITS)

NUMBER STUCK LIFTER PLUNGERS
NUMBER HOT STUCK COMPRESSION RINGS
NUMBER STUCK OIL RINGS

FL. 02. OIL CONSUMPTION (FL. 02.)

CiM AVG CORRECTED BLOWBY FLOW RATE STAGE I (CFM)
REFERENCE SAE VISCOSITY GRADE

HHH REFERENCE TEST LENGTH (HHH)

REFERENCE ENGINE

REFERENCE NOMINAL PISTON OVERSIZE

REFERENCE FUEL BATCH IDENTIFIER
YYYYMMDD REFERENCE STARTING DATE(YYYYMMDD)
FIG. Al4.2 Data Dictionary
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ne

1080
1090
1100
1110
1120
1130
1140
1150
1160
170
1180
11%0
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610

3
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il
3 o
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o
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Field
Name

RSTRTIME
RLABCODE
RRACSRT
RTRNRACS
RTRCSCOR
RRACSFNL
RCAMBSRT
RVLVOKRY
RFSLHSRT
RCYLBLRT
ROILPNRT
RAES
RTRANAES
RTAESCOR
RAESFNL
RPISKVRT
RPSKVFNL
RRACVRT
RCAMBVRT
RCYLWVRT
ROILPNVR
RAEV
RAEVFANL
RACW
RTACW
RTACWCOR
RACWFNL
RMCW
RTMCW
RTMCWCOR
RMCWFNL
RARAW
RMAXRAW
RATRGINC
RXTRGINC
RARBWL
RMAXBWL
ROSCRSLG
ROSCRDEB
ROILRING
RPCViS
RPCV8
RNCANLOB
RAVGCLD
RAVGSLD
RAVGORLD
RAVGPUCD
RINVDEP
RSLFTPLG
RHSCMPRG
RSTKORNG
ROILCON
RABLBYRT
STATDATE
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c

c
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
c
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Report: ASTM Data Dictionary

Field Decimal Data

Length Size _ Type Units/format

MERITS
TRANS UNITS
TRANS UNITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
TRANS UNITS
TRANS UNITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MICROMETERS
TRANS UNITS
TRANS UNITS
MICROMETERS
MICROMETERS
TRANS UNITS
TRANS UNITS
MICROMETERS
NG

MG

MILS

MILS

MG

MG

X AREA

X AREA

%X AREA

X AREA

X AREA

MERITS
MERITS
MERITS
MERITS
MERITS

FL. 02.
CFM
YYYYMMDD

Pescription

REFERENCE STARTING TIME (HH:MM)

REFERENCE LAB OIL CODE

REFERENCE ROCKER ARM COVER SLUDGE RATING (MERITS)
REFERENCE TRANSFORMED RACS RESULTS (TRANS UNITS)
REFERENCE TRANSFORMED RACS CORRECTED RATING (TRANS UNITS)
REFERENCE ROCKER ARM COVER FINAL RESULY (MERITS)
REFERENCE CAMSHAFT BAFFLE SLUDGE RATING (MERITS)
REFERENCE VALVE DECK SLUDGE RATING (MERITS)

REFERENCE FRONT SEAL HOUSING SLUDGE RATING (MERITS)
REFERENCE CYLINDER BLOCK SLUDGE RATING (MERITS)
REFERENCE OIL PAN SLUDGE RATING (MERITS)

REFERENCE AVERAGE ENGINE SLUDGE RATING (MERITS)
REFERENCE TRANSFORMED AES RESULTS (TRANS UNITS)
REFERENCE TRANSFORMED AES CORRECTED RATING (TRANS UNITS)
REFERENCE AVERAGE ENGINE SLUDGE FINAL RESULT (MERITS)
REFERENCE AVERAGE PISTON SKIRT VARNISH (MERITS)
REFERENCE FINAL RESULT PISTON SKIRT VARNISH (MERITS)
REFERENCE ROCKER ARM COVER VARNISH RATING (MERITS)
REFERENCE CAMSHAFY BAFFLE VARNISH RATING (MERITS)
REFERENCE CYLINDER WALLS VARNISH RATING (MERITS)
REFERENCE OIL PAN VARNISH RATING (MERITS)

REFERENCE OIL AVERAGE ENGINE VARNISH RATING (MERITS)
REFERENCE AVERAGE ENGINE VARKISH FINAL RESULT (MERITS)
REFERENCE AVG CAMSHAFT WEAR (MICROMETERS)

REFERENCE TRANSFORMED ACW RESULTS (TRANS UNITS)
REFERENCE TRANSFORMED ACW CORRECTED RATING (TRANS UNITS)
REFERENCE AVG CAMSHAFT WEAR FINAL RESULTS (MICROMETERS)
REFERENCE MAX CAMSHAFT WEAR (MICROMETERS)

REFERENCE TRANSFORMED MCW RESULTS (TRANS UNITS)
REFERENCE TRANSFORMED MCW CORRECTED RATING (TRANS UNITS)
REFERENCE MAX CAMSHAFT WEAR FINAL RESULT (MICROMETERS)
REFERENCE AVG ROCKER ARN WEAR (MG)

REFERENCE MAX ROCKER ARM WEAR (MG)

REFERENCE AVG TOP RING GAP INCREASE WEAR (MILS)
REFERENCE MAX TOP RING GAP INCREASE WEAR (MILS)
REFERENCE AVG ROD BEARING WEIGHT LOSS WEAR (MG)
REFERENCE MAX ROD BEARING WEIGHT LOSS WEAR (MG)
REFERENCE OIL SCREEN SLUDGE CLOGGING (% AREA)
REFERENCE OIL SCREEN DEBRIS CLOGGING (X AREA)
REFERENCE OIL RING CLOGGING (X AREA)

REFERENCE PCV VALVE AT 18 IN. HG. CLOGGING (X AREA)
REFERENCE PCV VALVE AT 8 IN. HG. CLOGGING (X AREA)
REFERENCE NUMBER OF CAMSHAFT LOBE HOLES CLOGGING
REFERENCE AVG CROWN LAND DEPOSIT (MERITS)

REFERENCE AVG SECOND LAND DEPOSIT (MERITS)

REFERENCE AVG OJL RING LAND DEPOSIT (MERITS)

REFERENCE AVG PISTON UNDER CROWN DEPOSIT (MERITS)
REFERENCE INTAKE VALVE DEPOSITS (MERITS)

REFERENCE NUMBER STUCK LIFTER PLUNGERS

REFERENCE NUMBER HOT STUCK COMPRESSION RINGS

REFERENCE NUMBER STUCK OIL RINGS

REFERENCE OIL CONSUMPTION (FL. 02.)

REFERENCE AVG BLOWBY FLOW RATE (CFM)

STAT DATE (YYYYMMDD)

FIG. A14.3 Data Dictionary
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Test

Sequence Form Ares

1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150

PPN UUUWY W W WY WMWY WYY WU W WY W

R EE R R R R R R R R R R R R R R R R R R R R R ]

Field
Name

TARGAES
SAES
DELAES
DELSAES
TARRACS
SRACS
DELRACS
DELSRACS
TARAPY
SAPV
DELAPY
DELSAPY
TARAEV
SAEV
DELAEV
DELSAEV
TARACW
SACW
DELACW
DELSACW
TARMCYW
SMCW
DELMCW
DELSMCW
XRPM1
IRPM1
ARPM1
XRPM2
IRPM2
ARPM2
XRPM3
IRPM3
ARPM3
XPWR1
IPWR1
APWR1
XPWR2
1PWR2
APWR2
XPWR3
1PWR3
APWR3
XENGOIN1
1ENGOINY
AENGOIN1
XENGOIN2
JENGOINZ
AENGOIN2
XENGOIN3
1ENGOIN3
AENGOIN3
XENGODT1
1ENGODTS
AENGODT1

BV DS VESSSPSSNVVVMUNNESE S DS NNODO NN VNN N OO

O O O = O O =@ O O a0 DO =b b b ch b odod bt OO0 O OO0 O OO O W & W W W ™ WU WWWWUWL WU WL WWWWWW
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Report: ASTM Data Dictionary

Field Decimal Data
tength Size  Yype Units/format

TRANS UNITS
$TD DEV
TRANS URITS
TRANS UNITS
TRANS UNITS
$TD DEV
TRANS UNITS
TRANS UNITS
MERITS

$TD DEV
MERITS
MERITS
MERITS

STD DEV
MERITS
MERITS
TRANS UNITS
STD DEV
TRANS UNITS
TRANS UNITS
TRANS UNITS
STD DEV
TRANS UNITS
TRANS UNITS
R/MIN

R/MIN

R/MIN

R/MIN

R/ZMIN

R/MIN

R/MIN

R/MIN

R/MIN

BHP

BHP

BHP

BRP

BHP

BHP

BHP

BHP

BHP

°F

°F

°F

°F

°F

°F

°F

°F

°F

*F

*F

°F

Description

TRANSFORMED AES TARGET VALUE (TRANS UNITS)
TRANSFORMED AES STANDARD DEVIATION (STD DEV)
TRANSFORMED AES DELTA VALUE (TRANS UNITS)
TRANSFORMED AES DELTA/S VALUE (TRANS UNITS)
TRANSFORMED RACS TARGET VALUE (TRANS UNITS)
TRANSFORMED RACS STANDARD DEVIATION (STD DEV)
TRANSFORMED RACS DELTA VALUE (TRANS UNITS)
TRANSFORMED RACS DELTA/S VALUE (TRANS UNITS)
APV TARGET VALUE (MERITS)

APV STANDARD DEVIATION (STD DEV)

APV DELTA VALUE (MERITS)

APV DELTA/S VALUE (MERITS)

AEV TARGET VALUE (MERITS)

AEV STANDARD DEVIATION (STD DEV)

AEV DELTA VALUE (MERITS)

AEV DELTA/S VALUE (MERITS)

TRANSFORMED ACW TARGET VALUE (TRANS UNITS)
TRANSFORMED ACW STANDARD DEVIATION (STD DEV)
TRANSFORMED ACW DELTA VALUE (TRANS UNITS)
TRANSFORMED ACW DELTA/S VALUE (TRANS UNITS)
TRANSFORMED MCW TARGET VALUE (TRANS UNITS)
TRANSFORMED MCW STANDARD DEVIATION (STD DEV)
TRANSFORMED MCW DELTA VALUE (TRANS UNITS)
TRANSFORMED MCW DELTA/$ VALUE (TRANS UNITS)
MAX ENGINE SPEED STAGE 1 (R/MIN)

MIN ENGINE SPEED STAGE ] (R/MIN)

AVG ENGINE SPEED STAGE 1 (R/MIN)

MAX ENGINE SPEED STAGE Il (R/MIN)

MIN ENGINE SPEED STAGE II (R/MIN)

AVG ENGINE SPEED STAGE 11 (R/MIN)

MAX ENGINE SPEED STAGE 111 (R/MIN)

MIN ENGINE SPEED STAGE 111 (R/MIN)

AVG ENGINE SPEED STAGE 111 (R/MIN)

MAX ENGINE POWER STAGE 1 (BHP)

MIN ENGINE POWER STAGE 1 (BHP)

AVG ENGINE POWER STAGE 1 (BHP)

MAX ENGINE POWER STAGE 11 (BHP)

MIN ENGINE POWER STAGE 1] (BHWP)

AVG ENGINE POWER STAGE Il (BHP)

MAX ENGINE POWER STAGE 111 (BHP)

MIN ENGINE POWER STAGE 11l (BHP)

AVG ENGINE POWER STAGE 111 (BHP)

MAX ENGINE OIL IN TEMP STAGE [ (°F )

MIN ENGINE OIL IN TEMP STAGE I (°F )

AVG ENGINE OIL IN TEMP STAGE I (°F )

MAX ENGINE OIL IN TEMP STAGE II (°F )

MIN ENGINE OIL IN TEMP STAGE II (°F )

AVG ENGINE OIL IN TEMP STAGE 11 (°F )

MAX ENGINE OIL IN TEMP STAGE II1 (°F )
MIN ENGINE OIL IN TEMP STAGE III (°F )
AVG ENGINE OIL IN TEMP STAGE 111 (°F )
MAX ENGINE OIL DELTA TEMP--OUT-IN STAGE I (°F
MIN ENGINE OIL DELTA TEMP--OUT-IN STAGE I (°F
AVG ENGINE OIL DELTA TEMP--OUT-IN STAGE I (°F

FIG. Al4.4 Data Dictionary
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2-sep- 1997 Report: ASTM Data Dictionary
Test Field Field Decimal Data

nce Form Area Name Length Size Iype Units/Format Description
2160 4 VE XENGODT2 4 0 N °F MAX ENGINE OIL DELTA TEMP--OUT-IN STAGE II (°F )
2170 4 VE 1ENGODT2 4 0 N °F MIN ENGINE OIL DELTA TEMP--OUT-IN STAGE II (°F )
2180 4 VE AENGODT2 4 0 N °F AVG ENGINE OIL DELTA TEMP--OUT-IN STAGE 11 (°F )
2190 4 VE XENGOOT3 4 0 N °F MAX ENGINE OIL DELTA TEMP--OUT-IN STAGE 111 (°F )
2200 4 VE 1ENGOOT3 4 0 N °F MIN ENGINE OIL ODELTA TEMP--OUT-IN STAGE II1 (°F )
2210 4 VE AENGODT3 4 0 N °F AVG ENGINE OIL DELTA TEMP--OUT-IN STAGE III (°F )
2220 4 VE XPMPOPR1 5 1 N PSIG MAX PUMP OIL PRESSURE STAGE I (PSIG)
2230 4 VE IPMPOPR1 5 1 N PSIG MIN PUMP OIL PRESSURE STAGE I (PSIG)
2240 4 VE APMPOPR1 S 1 N PSIG AVG PUMP OIL PRESSURE STAGE I (PSIG)
2250 4 VE XPMPOPR2 5 1 N PSIG MAX PUMP OIL PRESSURE STAGE II (PSIG)
2260 & VE IPMPOPR2 5 1 N PSIG MIN PUMP OIL PRESSURE STAGE 11 (PSIG)
2270 4 VE APMPOPR2 5 1 N PSIG AVG PUMP OIL PRESSURE STAGE 11 (PSIG)
2280 4 VE XPMPOPR3 5 1 N PSIG MAX PUMP OIL PRESSURE STAGE 111 (PSIG)
2290 4 VE 1PMPOPR3 H 1 N PSIG MIN PUMP OIL PRESSURE STAGE 111 (PSIG)
2300 4 VE APMPOPR3 ] 1 N PSIG AVG PUMP OIL PRESSURE STAGE 111 (PSIG)
2310 4 VE XENGOPR1 5 1 N PSIG MAX ENGINE OIL PRESSURE STAGE I (PSIG)
2320 4 VE 1ENGOPR1 5 1 N PSIG MIN ENGINE OIL PRESSURE STAGE I (PSIG)
2330 4 VE AENGOPR1 5 1 N PSIG AVG ENGINE OIL PRESSURE STAGE 1 (PSIG)
2340 4 VE XENGOPR2 5 1 N PSIG MAX ENGINE OIL PRESSURE STAGE 11 (PSIG)
2350 4 VE 1ENGOPR2 H) 1 N PSIG MIN ENGINE OIL PRESSURE STAGE 11 (PSIG)
2360 4 VE AENGOPR2 5 1 N PSIG AVG ENGINE OlL PRESSURE STAGE 11 (PSIG)
2370 4 VE XENGOPR3 H 1 N PSIG MAX ENGINE OIL PRESSURE STAGE 11l (PSIG)
2380 4 VE 1ENGOPR3 H 1 N PSIG MIN ENGINE OIL PRESSURE STAGE 11! (PSIG)
23%0 4 VE AENGOPR3 5 1 N PSIG AVG ENGINE OIL PRESSURE STAGE 111 (PSIG)
2400 4 VE XCYLOPR1 5 1 N PSIG MAX CYLINDER HEAD OIL PRESSURE STAGE I (PSIG)
2410 4 VE 1CYLOPR1 5 1 N PSIG MIN CYLINDER HEAD OIL PRESSURE STAGE I (PSIG)
2420 4 VE ACYLOPR1 5 1 N PSIG AVG CYLINDER HEAD OIL PRESSURE STAGE I (PSIG)
2430 4 VE XCYLOPR2 5 1 N PSIG MAX CYLINDER MEAD OIL PRESSURE STAGE 11 (PSIG)
2640 4 VE 1CYLOPR2 5 1 N PSIG MIN CYLINDER HEAD OIL PRESSURE STAGE Il (PSIG)
2450 4 VE ACYLOPR2 5 1 N PSIG AVG CYLINDER MEAD OIL PRESSURE STAGE Il (PSIG)
2660 4 VE XCYLOPR3 5 1 N PSIG MAX CYLINDER HEAD OIL PRESSURE STAGE 1II (PSIG)
2470 4 VE ICYLOPR3 5 1 N PSIG MIN CYLINDER HEAD OIL PRESSURE STAGE 111 (PSIG)
2480 4 VE ACYLOPR3 5 1 N PSIG AVG CYLINDER HEAD OIL PRESSURE STAGE II1 (PSIG)
2690 4 VE XDPPE1 H] 1 N PSI MAX DELTA PRESSURE--PUMP-ENGINE-- STAGE 1 (PSI)
2500 4 VE 10PPEA 5 1 N PS1 MIN DELTA PRESSURE--PUMP-ENGINE-- STAGE 1 (PSI)
2510 4 VE ADPPE1 H] 1 N PSI AVG DELTA PRESSURE-~-PUMP-ENGINE-- STAGE 1 (PSI)
2520 4 VE XDPPE2 5 1 N PSI MAX DELTA PRESSURE--PUMP-ENGINE-- STAGE 1! (PS1)
2530 4 VE 1DPPE2 5 1 N PSI MIN DELTA PRESSURE--PUMP-ENGINE-- STAGE 1! (PSI)
2540 & VE ADPPE2 H 1 N PSI AVG DELTA PRESSURE--PUMP-ENGINE-- STAGE Il (PSI1)
2550 4 VE XDPPE3 5 1 N PSI MAX DELTA PRESSURE--PUMP-ENGINE-- STAGE 111 (PSI)
2560 4 VE IDPPE3 5 1 N PSI MIN DELTA PRESSURE--PUMP-ENGINE-- STAGE 111 (PSI1)
2570 4 VE ADPPE3 5 1 N PSI AVG DELTA PRESSURE--PUMP-ENGINE-- STAGE 111 (PS1)
2580 4 VE XDPEH1 5 1 N PSI MAX DELTA PRESSURE--ENGINE-HEAD-- STAGE I (PSI)
2590 4 VE IDPEN1 H 1 N PSI MIN DELTA PRESSURE--ENGINE-HEAD-- STAGE I (PSI)
2600 4 VE ADPEN1 5 1 N PSI AVG DELTA PRESSURE--ENGINE-HEAD-+ STAGE 1 (PSI)
2610 4 VE XDPEH2 H 1 N PSI MAX DELTA PRESSURE--ENGINE-HEAD-- STAGE Il (PSI)
2620 4 VE 1DPER2 H 1 N PSI MIN DELTA PRESSURE--ENGINE-HEAD-- STAGE Il (PSI)
25630 4 VE ADPEN2 H 1 N PSI AVG DELTA PRESSURE--ENGINE-HEAD-- STAGE 11 (PSI)
2640 4 VE XDPEH3 5 1 N PSI MAX DELTA PRESSURE--ENGINE-HEAD-- STAGE 111 (PSI)
2650 4 VE 1DPEH3 H 1 N PSI MIN DELTA PRESSURE--ENGINE-HEAD-- STAGE 111 (PSI)
2660 4 VE ADPEH3 H 1 N PSI AVG DELTA PRESSURE--ENGINE-HEAD-- STAGE 111 (PS1)
2670 4 VE XCOLOUT4 4 0 N °F MAX ENGINE COOLANT OUT TEMP STAGE | (°F )
2680 4 VE jcoLoutt 4 0 N °F MIN ENGINE COOLANT OUT TEMP STAGE I (°F )
2690 4 VE ACOLOUTY 5 1 N °F AVG ENGINE COOLANT OUT TEMP STAGE I (°F )

FIG. A14.5 Data Dictionary
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Sequence

2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830

2850
2860
2870

2890
2900
2910
2920
2930
2940
2950
2960
2970
2980

3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230

S
3

N N N N N N O O N N N N N N N Y N O N N S S O S N N N N N N O N N O O O O S S I

Test
rea

>

R E R R R R R R E R R R R R R R R R R R R R R R R I

Field
Nome

xcoLout2
1c0LOUT2
AcoLout2
XCOLOUT3
1coLouUT3
ACOLOUT3
XCOLDT

1c0LDTY

ACOLDT1

XcoLpT2

JooLbT2

ACOLDT2

XcoLoT3

1COLDT3

ACOLDT3

XCOLFRT1
JICOLFRT1
ACOLFRT1
XCOLFRT2
ICOLFRT2
ACOLFRT2
XCOLPRE1
ICOLPRE?
ACOLPRE1
XCOLPRE2
1COLPRE2
ACOLPRE2
XCOLPRE3
ICOLPRE3
ACOLPRE3
XEXCOOL1
1EXCOOL1
AEXCOOL1
XEXCOOL2
1EXCOOL2
AEXCOOL2
XEXCOOL3
1EXCOOL3
AEXCOOL3
XRACCTP1
IRACCTPY
ARACCTP1
XRACCTP2
IRACCTP2
ARACCTP2
XRACCTP3
IRACCTP3
ARACCTP3
XRACCFR1
IRACCFR1
ARACCFR1
XRACCFR3
IRACCFR3
ARACCFR3
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Report: ASTM Data Dictionary

Field Decimal Data
Length Size

F
F
°F
°F
F
°F
F
°F
°F
°F
*F
°F
F

23§¥33¢++

PS1G
PSIG
PSIG
PSIG
PSlIG
PSIG
PSIG
PSIG
PSIG
°F
°F
°F
°F
°F
M
°F
°F
°F
°F
°F
°F
°F
°F
°F
°F

°F

°F

GPM
GPM
GPM
GPM
GPM

GPM

Iype Units/Format

Description

MAX ENGINE COOLANT OUT TEMP STAGE II (°F )
MIN ENGINE COOLANT OUT TEMP STAGE II (°F )
AVG ENGINE COOLANT OUT TEMP STAGE II (°F )
MAX ENGINE COOLANT OUT TEMP STAGE 11! (°F )
MIN ENGINE COOLANT OUT TEMP STAGE IllI (°F )
AVG ENGINE COOLANT OUT TEMP STAGE 11! (°F )
MAX ENGINE COOLANT DELTA TEMP--OUT-IN--STAGE I (°F
MIN ENGINE COOLANT DELTA TEMP--OUT-IN--STAGE 1 (°F
AVG ENGINE COOLANT DELTA TEMP--OUT-IN--STAGE I (°F

MAX ENGINE COOLANT DELTA TEMP--QUT-IN--STAGE

11 (°F

MIN ENGINE COOLANT DELTA TEMP--OUT-IN--STAGE II (°F
AVG ENGINE COOLANT DELTA TEMP--OUT-IN--STAGE II (°F

MAX ENGINE COOLANT DELTA TEMP--OUT-IN--STAGE IIl (°F
MIN ENGINE COOLANT DELTA TEMP--OUT-IN--STAGE 111 (°F
AVG ENGINE COOLANT DELTA TEMP--OUT-IN--STAGE 111 (°F

MAX ENGINE COOLANT FLOW RATE STAGE I (GPM)

MIN ENGINE COOLANT FLOW RATE STAGE 1 (GPM)

AVG ENGINE COOLANT FLOW RATE STAGE I (GPM)

MAX ENGINE COOLANT FLOW RATE STAGE 11 (GPM)
MIN ENGINE COOLANT FLOW RATE STAGE 11 (GPM)
AVG ENGINE COOLANT FLOW RATE STAGE 11 (GPM)
MAX. ENGINE COOLANT PRESSURE, STAGE 1 (PSIG)
MIN. ENGINE COOLANT PRESSURE, STAGE 1 (PSIG)
AVG. ENGINE COOLANT PRESSURE, STAGE 1 (PSIG)
MAX. ENGINE COOLANT PRESSURE, STAGE I1 (PSIG)
MIN. ENGINE COOLANT PRESSURE, STAGE I1 (PSIG)
AVG. ENGINE COOLANT PRESSURE, STAGE I1 (PSIG)
MAX. ENGINE COOLANT PRESSURE, STAGE 111 (PSI1G)
MIN. ENGINE COOLANT PRESSURE, STAGE 111 (PSIG)
AVG. ENGINE COOLANY PRESSURE, STAGE 111 (PSIG)
MAX EXHAUST MANIFOLD COOLANT TEMP STAGE 1 (°F
MIN EXHAUST MANIFOLD COOLANT TEMP STAGE 1 (°F
AVG EXHAUST MANIFOLD COOLANT TEMP STAGE 1 (°F
MAX EXHAUST MANIFOLD COOLANT TEMP STAGE 11 (°F
MIN EXHAUST MANIFOLD COOLANT TEMP STAGE Il (°F
AVG EXHAUST MANIFOLD COOLANT TEMP STAGE II (°F
MAX EXHAUST MANIFOLD COOLANT TEMP STAGE 111 (°F
MIN EXHAUST MANIFOLD COOLANT TEMP STAGE 111 (°F
AVG EXHAUST MANIFOLD COOLANY TEMP STAGE Iif (°F

MAX RAC COOLANT
MIN RAC COOLANT
AVG RAC COOLANT
MAX RAC COOLANT
MIN RAC COOLANT
AVG RAC COOLANT
MAX RAC COOLANT
MIN RAC COOLANT
AVG RAC COOLANT
MAX RAC COOLANT
MIN RAC COOLANT
AVG RAC COOLANT
MAX RAC COOLANT
MIN RAC COOLANT
AVG RAC COOLANT

FIG. A14.6 Data Dictionary

100

IN TENP STAGE I (°F )
IN TEMP STAGE I (°F )
IN TEMP STAGE 1 (°F )
IN TENP STAGE II (°F )
IN TEMP STAGE II (°F )
IN TEMP STAGE 11 (°F )
IN TEMP STAGE III (°F )
IN TEMP STAGE 111 (°F )
IN TEMP STAGE III (°F )
FLOW RATE STAGE 1 (GPM)
FLOW RATE STAGE I (GPM)
FLOW RATE STAGE 1 (GPN)
FLOW RATE STAGE 111 (GPN)
FLOW RATE STAGE 111 (GPM)
FLOW RATE STAGE 111 (GPM)

)

)
)
)
)

)
]
)
)
)
)
)
)
)
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3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
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Field
Name

XINAIRTY
TINAIRT
AINAIRTY
XINAIRT2
LINAIRT2
AINAIRT2
XINAIRT3
TINAIRT3
AINAIRT3
XAIRHUM1
TAIRHUN1
AATRHUM1
XAIRHUMZ
TAIRHUM2
AATRHUMZ
XAIRHUM3
TIAIRHUM3
AAIRRUM3
XINAIRP1
TINAIRP1
AINAIRPY
XINAIRP2
1INAIRP2
AINAIRP2
XINAIRP3
1INAIRP3
AINAIRP3
XCBLWRT1
1CBLWRTY
XCCASEP1
1CCASEPY
ACCASEPY
XCCASEP2
1CCASEP2
ACCASEP2
XCCASEP3
1CCASEP3
ACCASEP3
XIMNVACH
1IMNVACT
AIMNVACY
XIMNVAC2
JIMNVAC2
AIMNVAC2
XIMNVAC3
JIMNVACS
ATMNVACS
XEXBKPRY
JEXBKPR1
AEXBKPR1
XEXBKPR2
1EXBKPR2
AEXBKPR2
XEXBKPR3

(U BT RET BV RRT BT BNV BV BT BV BT RNV NN BV RN BRT BV NV AT BT B BT RNV BT RV P W T RV R RNV NRT BT IV RNV RRY BTNV RN P R 7 R PR PO PO PR 7Y N N S A S
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Report: ASTN Data Dictionary

Field Decimal Data
Ltength Size _ Type Units/format

°F
°F
°F
*F
°F
°F
°F
°F
°F

fn.
in.
in.
in.
in.
in.
in.
in.
in.
CFM
CFM
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.
in.

GRAINS/LB
GRAINS/LB
GRAINS/LB
GRAINS/LS
GRAINS/LB
GRAINS/LB
GRAINS/LB
GRAINS/LB
GRAINS/LB

H20 GAGE
H20 GAGE
H20 GAGE
K20 GAGE
H20 GAGE
H20 GAGE
K20 GAGE
K20 GAGE
H20 GAGE

H20 GAGE
H20 GAGE
H20 GAGE
H20 GAGE
H20 GAGE
H20 GAGE
H20 GAGE
H20 GAGE
H20 GAGE
Ho gage
Hg gage
Hg gage
Hg gage
Hg gage
Hg gage
Hg gage
Ho gage
Hg gage
Hg abs

Hg abs

Hg abs

Hg abs

Hg abs

Hg abs

Hg abs

101

Pescription

MAX INTAKE AIR TEMP STAGE I (°F )

MIN INTAKE AIR TEMP STAGE I (°F )

AVG INTAKE AIR TEMP STAGE I (°F )

MAX INTAKE AIR TEMP STAGE Il (°F )

NIN INTAKE AIR TEMP STAGE Il (°F )

AVG INTAKE AIR TEMP STAGE II (°F )

MAX INTAKE AIR TEMP STAGE III (°F )

MIN INTAKE AIR TEMP STAGE IIl (°F )

AVG INTAKE AIR TEMP STAGE III (°F )

MAX INTAKE AIR SPECIFIC WUMIDITY STAGE 1 (GRAINS/LB)
MIN INTAKE AIR SPECIFIC NUMIDITY STAGE I (GRAINS/LB)
AVG INTAKE AIR SPECIFIC HMUMIDITY STAGE I (GRAINS/LB)
MAX INTAKE AIR SPECIFIC HUMIDITY STAGE II (GRAINS/LB)
MIN INTAKE AIR SPECIFIC HUMIDITY STAGE II (GRAINS/LB)

AVG

NIN
AVG

MIN
AVG

MIN
AVG

NIN
AVG
MAX
MIN
MAX
MIN
AVG
MAX
NIN
AVG
MAX
MIN
AVG
MAX
MIN
AVG
MAX
MIN
AVG
MAX
MIN
AVG

INTAKE AIR SPECIFIC NUMIDITY STAGE 1] (GRAINS/LB)
INTAKE AIR SPECIFIC HUMIDITY STAGE IIl (GRAINS/LB)
INTAKE AIR SPECIFIC HUMIDITY STAGE 111 (GRAINS/LB)
INTAKE AIR SPECIFIC MUMIDITY STAGE 111 (GRAINS/LB)
INTAKE AIR PRESSURE STAGE I (IN H20 GAGE)
INTAKE AIR PRESSURE STAGE 1 (IN H20 GAGE)
INTAKE AIR PRESSURE STAGE I (IN W20 GAGE)

INTAKE AIR PRESSURE STAGE 11
INTAKE AIR PRESSURE STAGE Il
INTAKE AIR PRESSURE STAGE 11

(in. H20 GAGE)
(in. H20 GAGE)
CIN K20 GAGE)

INTAKE AIR PRESSURE STAGE 1II CIN H20 GAGE)
INTAKE AIR PRESSURE STAGE 111 (IN H20 GAGE)
INTAKE AIR PRESSURE STAGE 111 CIN H20 GAGE)
CORRECTED BLOWBY FLOW RATE STAGE 1 (CFM)
CORRECTED BLOWBY FLOW RATE STAGE I (CFM)
CRANKCASE PRESSURE STAGE I (IN H20 GAGE)
CRANKCASE PRESSURE STAGE 1 (IN K20 GAGE)
CRANKCASE PRESSURE STAGE I (IN H20 GAGE)
CRANKCASE PRESSURE STAGE I1 (IN H20 GAGE)
CRANKCASE PRESSURE STAGE Il (IN H20 GAGE)
CRANKCASE PRESSURE STAGE 11 (IN H20 GAGE)

CRANKCASE PRESSURE STAGE 111
CRANKCASE PRESSURE STAGE 11!
CRANKCASE PRESSURE STAGE 111
INTAKE MANIFOLD VACUUM STAGE
INTAKE MANIFOLD VACUUN STAGE
INTAKE MANIFOLD VACUUM STAGE
INTAKE MANIFOLD VACUUM STAGE
INTAKE MANIFOLD VACUUM STAGE
INTAKE MANIFOLD VACUUM STAGE
INTAKE MANIFOLD VACUUM STAGE
INTAKE MANIFOLD VACUUM STAGE
INTAKE MANIFOLD VACUUM STAGE

CIN H20 GAGE)
CIN H20 GAGE)
(IN H20 GAGE)
1 CIN HG GAGE)
1 (IN HG GAGE)
1 CIN MG GAGE)
I1 (IN HG GAGE)
I1 CIN HG GAGE)
11 CIN NG GAGE)
111 (1IN HG GAGE)
111 CIN NG GAGE)
111 (IN HG GAGE)

MAX EXHAUST BACK PRESSURE STAGE I (IN HG ABS)
NIN EXHAUST BACK PRESSURE STAGE I (IN HG ABS)
AVG EXHAUST BACK PRESSURE STAGE I (IN HG ABS)
MAX EXHAUST BACK PRESSURE STAGE 11 (IN KG ABS)
MIN EXHAUST BACK PRESSURE STAGE 11 (IN HG ABS)
AVG EXHAUST BACK PRESSURE STAGE 1] (IN HG ABS)
MAX EXHAUST BACK PRESSURE STAGE 111 (IN HG ABS)

FIG. A14.7 Data Dictionary
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Sequence Form Area

3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
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b D 5302

Report: ASTM Data Dictionary

Field Field Decimal Data

Name Length Size  Yype Units/Format
1EXBKPR3 5 1 N in. Hg abs
AEXBKPR3 5 1 N in. Hg abs
XIGNTIM1 2 0 N BTOC
TIGNTIMY 2 0 N BTDC
AIGNTIMY 2 0 N BTDC
XFUELRT1 H 1 N Lb/h
1FUELRTY 5 1 N tb/h
AFUELRT1 5 1 N Lb/h
XFUELRT2 5 1 ¥ Llb/h
TFUELRT2 5 1 d tbsh
AFUELRT2 5 1 N tb/h
XFUELRT3 4 1 N Lb/h
1FUELRT3 4 1 N (b/h
AFUELRT3 4 1 N Llb/h
XEXHGO1 5 2 [ I 4
1EXHGO1 5 2 N X
AEXHGO1 5 2 N X
XEXHGO2 H 2 N X
1EXHGO2 5 2 N %
AEXHGO2 5 2 N X
XEXHGO3 5 2 N X
1EXHGO3 5 2 N X
AEXHGO3 5 2 N X
XEXHGCO1 5 2 N %
TEXHGCO1 5 2 N X
AEXHGCO1 5 2 N X
XEXHGCOR 5 2 N X
IEXHGCO2 5 2 N %
AEXHGCO2 5 2 N X
XEXHGCO3 5 2 N X
1EXHGCO3 5 2 N %
AEXHGCO3 5 2 N X
XEXHGNO2 4 0 N PPM
TEXHGNO2 4 0 N PPN
AEXHGNO2 4 0 N PPM
OPROCR 3 0 4
1TEMHXXX 3 0 c
REMKHXxx 70 0 [

DWNOCR 3 0 zZ @
TYPEHXXX 1 0 [+
TESTHXXX 6 0 C HHH:MM
STGEHXxx 1 0 [

DT IMHxxx 6 0 C  HHH:MM
LSTMHXXX é 0 C HHH:MM
DREAHXXxX 60 0 c
TOTLDOWN é 0 C HHH:MM
TOTLLOST é [+ C HHHsMM
FE__Wxxx é 0 N PPM
CU__Hxxx é 0 N PPM
SI_Hxxx 6 ] N PPM
VS4LOHXXX 7 2 N CSY
FUEL Hxxx 5 1 N X MASS
PENTHxXXX 5 1 N %X VOLUME
CAMWO1 é 0 N MICROMETERS

Description

KIN EXHAUST BACK PRESSURE STAGE 111 (IN HG ABS)
AVG EXHAUST BACK PRESSURE STAGE 111 (IN HG ABS)
MAX IGNITION TIMING STAGE 1 (BTDC)

MIN IGNITION TIMING STAGE I (BTDC)

AVG IGNITION TIMING STAGE ! (BTDC)

MAX FUEL CONSUMPTION RATE STAGE I (LB/HR)
MIN FUEL CONSUMPTION RATE STAGE I (LB/HR)
AVG FUEL CONSUMPTION RATE STAGE I (LB/HR)
MAX FUEL CONSUMPTION RATE STAGE 11 (LB/HR)
MIN FUEL CONSUMPTION RATE STAGE Il (LB/HR)
AVG FUEL CONSUMPTION RATE STAGE 1! (LB/HR)
MAX FUEL CONSUMPTION RATE STAGE 111 (LB/HR)
MIN FUEL CONSUMPTION RATE STAGE III (LB/HR)
AVG FUEL CONSUMPTION RATE STAGE 111 (LB/HR)
MAX EXHAUST GAS OXYGEN STAGE I (X)

MIN EXHAUST GAS OXYGEN STAGE ! (X)

AVG EXHAUST GAS OXYGEN STAGE I (X)

MAX EXHAUST GAS OXYGEN STAGE II (X)

MIN EXHAUST GAS OXYGEN STAGE 11 (%)

AVG EXHAUST GAS OXYGEN STAGE 11 (X)

MAX EXHAUST GAS OXYGEN STAGE 11l (X)

MIN EXHAUST GAS OXYGEN STAGE 111 (X)

AVG EXHAUST GAS OXYGEN STAGE 111 (X)

MAX EXHAUST GAS CARBON MONOXIDE STAGE I (X)
MIN EXHAUST GAS CARBON MONOXIDE STAGE I (X)
AVG EXHAUST GAS CARBON MONOXIDE STAGE I (X)
MAX EXHAUST GAS CARBON MONOXIDE STAGE 11 (X)
MIN EXHAUST GAS CARBON MONOXIDE STAGE 11 (X)
AVG EXHAUST GAS CARBON MONOXIDE STAGE 11 (X)
MAX EXHAUST GAS CARBON MONOXIDE STAGE 111 (X)
MIN EXHAUST GAS CARBON MONOXIDE STAGE 111 (%)
AVG EXHAUST GAS CARBON MONOXIDE STAGE 11! (X)
MAX EXHAUST GAS NOX STAGE 11 (PPM)

MIN EXHAUST GAS NOX STAGE 11 (PPM)

AVG EXHAUST GAS NOX STAGE 11 (PPM)

REMARKS OR DEVIATIONS, LINE COUNT
OPERATIONAL DATA ITEM

OPERATIONAL DATA REMARKS OR DEVIATIONS
DOWNTIME OCCURRENCES (#)

SHUTDOWN TYPE

TEST HOURS (HHH:MM)

STAGE

DOWNTIME TIME (HHH:MM)

LOST TIME (HHH:MM)

DOWNTIME PROBLEMS/ACTIONS/COMMENTS

DOWN TIME, TOTAL (HHH:MM)

LOST TIME, TOTAL (HHH:MM)

IRON HOURS (PPN)

COPPER HOURS (PPN)

SILICON HOURS (PPM)

VISCOSITY @ 40 °C HOURS (CST)

FUEL DILUTION HOURS (X NASS)

PENTANE INSOLUBLES HOURS (X VOLUME)

CAN LOBE WEAR POSITION 1-1E (MICROMETERS)

FIG. A14.8 Data Dictionary
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Sequence Form Area

4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
470
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
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Field
Name

LOBPLGO1
ROCKWO1
VSPGLDO1
CAMWO2
LOBPLGO2
ROCKWO02
VSPGLDO2
CAMWO3
LOBPLGO3
ROCKWO3
VSPGLDO3
CAMWO4
LOBPLGO4
ROCKWO4
VSPGLDO4
CAMWO5
LOBPLGOS
ROCKWO5
VSPGLDOS
CAMWOS
LOBPLGOS
ROCKWOS
VSPGLDO6
CANWO?7
LOBPLGO7
ROCKWO7
VSPGLDO7
CAMWOB
LOBPLGOB
ROCKWO8
VSPGLDO8
AVGLOBPL
AVGSPGLO
LOBHRDO1
RCKHRDO1
LOBHRDO2
RCKHRDOZ
LOBHRDO3
RCKHRDO3
LOBHRDO4
RCKHRDO4
LOBHRDOS
RCKHRDOS
LOBHRDO6
RCKHRDOS
LOBHRDO7
RCKHRDO7
LOBHRDOS
RCKHRDOB
PSVTHY
PSVAT1
PSVTH2
PSVAT2
PSVTH3

BBV VULV VUVVVM VWV VIR0 UWO OO WOOOWOOODWOOD WO OO WOODO WO O O W

-.-.-l-.-a-..n-.-h-.--.-.---n-.-n-n-l-.-.od-noa-n-oao-l-naa-..aoa..-nog..-ooo-n-.ao-n-ao
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Report: ASTM Data Dictionary

Field Decimal Data
Length Size _ Type Units/Format

X VOLUME

MG

LBF
MICROMETERS
% VOLUME
MG

LBF
MICROMETERS
X VOLUME
NG

LBF
MICROMETERS
X VOLUME
MG

LBF
MICROMETERS
X VOLUME

MG

LBF
MICROMETERS
X VOLUME

MG

LBF
MICROMETERS
X VOLUME

MG

LBF
M]CROMETERS
% VOLUME
NG

LBF

X VOLUME
LBF
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL
ROCKWELL C
ROCKWELL C
ROCKWELL €
MERITS
MERITS
MERITS
MERITS
MERITS

E E E E X EE R EEXEEREE X EEXZEERZEEEEZXZEEREEEZEZEREEZEIEEEZELELRZLEDLRERETLSLESESEHSDSELEZEZEZERZEEEZEEER
OO0ON0DO0OO0OO0O0O0OO0O0O0O0O0N0O0

Pescription

LOBE ORIFICE PLUGGING POSITION 1-1E (X VOLUME)
ROCKER ARM WEAR POSITION 1-1E (MG)

VALVE SPRING LOAD POSITION 1-1E (LBF)

CAM LOBE WEAR POSITION 2-11 (MICROMETERS)

LOBE ORIFICE PLUGGING POSITION 2-11 (X VOLUME)
ROCKER ARM WEAR POSITION 2-11 (MG)

VALVE SPRING LOAD POSITION 2-11 (LBF)

CAM LOBE WEAR POSITION 3-2E (MICROMETERS)

LOBE ORIFICE PLUGGING POSITION 3-2E (X VOLUME)
ROCKER ARM WEAR POSITION 3-2E (MG)

VALVE SPRING LOAD POSITION 3-2E (LBF)

CAM LOBE WEAR POSITION 4-21 (MICROMETERS)

LOBE ORIFICE PLUGGING POSITION &-21 (X VOLUME)
ROCKER ARM WEAR POSITION 4-21 (MG)

VALVE SPRING LOAD POSITION 4-21 (LBF)

CAM LOBE WEAR POSITION 5-3E (MICROMETERS)

LOBE ORIFICE PLUGGING POSITION 5-3E (X VOLUME)
ROCKER ARN WEAR POSITION S-3E (MG)

VALVE SPRING LOAD POSITION 5-3E (LBF)

CAM LOBE WEAR POSITION 6-31 (MICROMETERS)

LOBE ORIFICE PLUGGING POSITION 6-31 (X VOLUME)
ROCKER ARM WEAR POSITION 6-31 (MG)

VALVE SPRING LOAD POSITION 6-31 (LBF)

CAM LOBE WEAR POSITION 7-4E (MICROMETERS)

LOBE ORIFICE PLUGGING POSITION 7-4E (X VOLUME)
ROCKER ARM WEAR POSITION 7-4E (MG)

VALVE SPRING LOAD POSITION 7-4E (LBF)

CAM LOBE WEAR POSITION 8-41 (MICROMETERS)

LOBE ORIFICE PLUGGING POSITION 8-41 (X VOLUME)
ROCKER ARM WEAR POSITION 8-41 (MG)

VALVE SPRING LOAD POSITION 8-41 (LBF)

LOBE ORIFICE PLUGGING POSITION AVG (X VOLUME)
VALVE SPRING LOAD POSITION AVG (LBF)

LOBE HARDNESS 1E->50 ROCKWELL C- (ROCKWELL C)
ROCKER ARM HARDNESS 1E->57 ROCKWELL C- (ROCKWELL C)
LOBE HARDNESS 11->50 ROCKWELL C- (ROCKWELL C)
ROCKER ARM HARDNESS 11->57 ROCKWELL C- (ROCKWELL C)
LOBE HARDNESS 2E->50 ROCKWELL C- (ROCKWELL C)
ROCKER ARM HARDNESS 2E->57 ROCKWELL C- (ROCKWELL C)
LOBE HARDNESS 21->50 ROCKWELL C- (ROCKWELL C)
ROCKER ARM HARDNESS 21->57 ROCKWELL C- (ROCKWELL C)
LOBE HARDNESS 3E->50 ROCKWELL C- (ROCKWELL C)
ROCKER ARM HARDNESS 3E->57 ROCKWELL C- (ROCKWELL C)
LOBE HARDNESS 31->50 ROCKWELL C- (ROCKWELL C)
ROCKER ARM HARDNESS 31->57 ROCKWELL C- (ROCKWELL C)
LOBE HARDNESS 4E->50 ROCKWELL C- (ROCKWELL C)
ROCKER ARM HARDNESS 4E->57 ROCKWELL C- (ROCKWELL C)
LOBE HARDNESS 41->50 ROCKWELL C- (ROCKWELL C)
ROCKER ARM HARDNESS 41->57 ROCKWELL C- (ROCKWELL C)
PISTON SKIRT VARNISH THRUST NUM 1 (MERITS)

PISTON SKIRT VARNISH ANTITHRUSY NUM 1 (MERITS)
PISTON SKIRT VARNISH THRUST NUM 2 (MERITS)

PISTON SKIRT VARNISH ANTITHRUST NUM 2 (MERITS)
PISTON SKIRT VARNISH THRUST NUM 3 (MERITS)

FIG. A14.9 Data Dictionary
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Field
Name

PSVAT3
PSVTHS
PSVAT4
PSVTHAVG
PSVATAVG
cLD1
SECLD1
ORLD1
pIsuct
cLp2
SECLD2
ORLD2
pisuc2
cLo3
SECLD3
ORLD3
PISUC3
CLD4
SECLD4
ORLD4
PISUC4
BLOWBYIN
OILCHxxx
OILLHXxX
CAMOGN
CRODBOGN
CYLBKOGN
CYLHDOGN
PISTOGN
PISRGOGN
RCKRAOGN
OILISENS
OILICALF
OILIRECD
OILIOBSF
OILIRECF
OILILOGF
RCCISENS
RCCICALF
RCCIRECD
RCCIOBSF
RCCIRECF
RCCILOGF
COTSENS
COTCALF
COTRECD
COTOBSF
COTRECF
COTLOGF
RPMSENS
RPMCALF
RPMRECD
RPMOBSF
RPMRECF

LU BB B RS B R R U BT BT BT NN BT BEY BV I N

rrsrrrsrruUd

- b - e b wd b - ab ab b ab - b b wh b - -t
NN WESEPPNNNWESESENNMNNWWSESENNNWSS
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Report: ASTN Data Dictionary

Field Decimal Dats
Length Size  Yype Units/Format

MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS
MERITS

FL. OZ.
FL. 0zZ.
YyyYyy
Yvyy
YYyy
Yyvy
Yvyy
Yyyy
YYYY

OO0 0O00000000000000000 00X 2 XXX EZEEOFF EZ 2T E S X 22 B EEEXEEREEX X

o

Description

PISTON SKIRT VARNISH ANTITHRUST NUM 3 (MERITS)
PISTON SKIRT VARNISH THRUST NUM & (MERITS)
PISTON SKIRT VARNISH ANTITHRUST NUM & (MERITS)
PISTON SKIRT VARNISH THRUST AVG (MERITS)
PISTON SKIRT VARNISH ANTITHRUST AVG (MERITS)
PISTON NUMBER 1 UNDERCROWN (MERITS)
PISTON NUMBER 1 2ND LAND (MERITS)

PISTON NUMBER 1 OIL RING LAND (MERITS)
PISTON NUMBER 1 UNDERCROWN (MERITS)
PISTON NUMBER 2 CROWN LAND (MERITS)

PISTON NUMBER 2 2ND LAND (MERITS)

PISTON NUMBER 2 OIL RING LAND (MERITS)
PISTON NUMBER 2 UNDERCROWN (MERITS)

PISTON NUMBER 3 CROWN LAND (MERITS)

PISTON NUMBER 3 2ND LAND (MERITS)

PISTON NUMBER 3 OIL RING LAND (MERITS)
PISTON NUMBER 3 UNDERCROWN (NERITS)

PISTON NUMBER & CROWN LAND (MERITS)

PISTON NUMBER 4 2ND LAND (MERITS)

PISTON NUMBER &4 OIL RING LAND (MERITS)
PISTON NUMBER & UNDERCROWN (MERITS)
CORRECTED BLOWBY FLOWRATE PLOT

OIL CONSUMPTION CYCLE XXX (FL. 02.)

OIL LEVEL CYCLE XXX (FL. 0Z.)

CAMSHAFT ORIGIN (YYYY)

CONNECTING ROD BEARINGS ORIGIN (YYYY)
CYLINDER BLOCK ORIGIN (YYYY)

CYLINDER HEAD ORIGIN (YYYY)

PISTONS ORIGIN (YYYY)

PISTON RINGS ORIGIN (YYYY)

ROCKER ARMS ORIGIN (YYYY)

OIL INLET SENSING DEVICE

OIL INLET CALIBRATION FREQUENCY

OIL INLET RECORD DEVICE

OIL INLET OBSERVATION FREQUENCY

OIL INLET RECORD FREQUENCY

OIL INLET LOG FREQUENCY

RAC INLET SENSING DEVICE

RAC INLET CALIBRATION FREQUENCY

RAC INLET RECORD DEVICE

RAC INLET OBSERVATION FREQUENCY

RAC INLET RECORD FREQUENCY

RAC INLET LOG FREQUENCY

COOLANT OUT TEMPERATURE SENSING DEVICE
COOLANT OUT TEMPERATURE CALIBRATION FREQUENCY
COOLANT OUT TEMPERTURE RECORD DEVICE
COOLANT OUT TEMPERATURE OBSERVATION FREQUENCY
COOLANT OUT TEMPERATURE RECORD FREQUENCY
COOLANT OUT TEMPERATURE LOG FREQUENCY
ENGINE SPEED SENSING DEVICE

ENGINE SPEED CALIBRATION FREQUENCY

ENGINE SPEED RECORD DEVICE

ENGINE SPEED OBSERVATION FREQUENCY

ENGINE SPEED RECORD FREQUENCY

FIG. A14.10 Data Dictionary
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2-5¢p-1997 Report: ASTM Data Dictionary
Test Field Field Decimal Data
Seguence Form Area Name tength Size  Type Units/Format Description

5400 13 VE RPMLOGF 12 0 c ENGINE SPEED LOG FREQUENCY

5410 13 VE RPMSYSR 8 0 c ENGINE SPEED SYSTEM RESPONSE

5420 13 VE PWRSENS 1% 0 c POWER SENSING DEVICE

5430 13 VE PWRCALF 1% 0 c POWER CALIBRATION FREQUENCY

5440 13 VE PWRRECD 3 0 c POWER RECORD DEVICE

5450 13 VE PWROBSF 12 0 c POWER OBSERVATION FREQUENCY

5460 13 VE PWRRECF 12 0 c POWER RECORD FREQUENCY

5470 13 VE PWRLOGF 12 0 c POMER LOG FREQUENCY

5480 13 VE PWRSYSR 8 0 c POWER SYSTEM RESPONSE

5490 13 VE COSENS 1% 0 c CARBON MONOXIDE SENSING DEVICE

5500 13 VE COCALF 1% 0 c CARBON MONOXIDE CALIBRATION FREQUENCY
5510 13 VE CORECD 3 0 c CARBON MONOXIDE RECORD DEVICE

5520 13 VE COOBSF 12 0 c CARBON MONOXIDE OBSERVATION FREQUENCY
5530 13 VE CORECF 12 0 c CARBON MONOXIDE RECORD FREQUENCY
5540 13 VE COLOGF 12 0 c CARBON MONOXIDE LOG FREQUENCY

5550 13 VE COSYSR 8 0 c CARBON MONOXIDE SYSTEM RESPONSE

5560 13 VE 02SENS 1% 0 c OXYGEN SENSING DEVICE

5570 13 VE Q2CALF 1% 0 c OXYGEN CALIBRATION FREQUENCY

5580 13 VE O2RECD 3 0 c OXYGEN RECORD DEVICE

5590 13 VE 0208BSF 12 0 c OXYGEN OBSERVATION FREQUENCY

5600 13 VE O2RECF 12 0 c OXYGEN RECORD FREQUENCY

5610 13 VE 02LOGF 12 0 c OXYGEN LOG FREQUENCY

5620 13 VE 02SYSR 8 0 c OXYGEN SYSTEM RESPONSE

5630 13 VE TIMGSENS 14 0 C TIMING SENSING DEVICE

5640 13 VE TIMGCALF 14 0 c TIMING CALIBRATION FREQUENCY

5650 13 VE TIMGRECD 3 0 c TIMING RECORD DEVICE

5660 13 VE TIMGOBSF 12 0 c TIMING OBSERVATION FREQUENCY

5670 13 VE TIMGRECF 12 0 c TINING RECORD FREQUENCY

5680 13 VE TIMGLOGF 12 0 c TIMING LOG FREQUENCY

5690 13 VE BLWGSENS 14 0 c BLOWBY GAS SENSING DEVICE

5700 13 VE BLWGCALF 14 0 c BLOWBY GAS CALIBRATION FREQUENCY
5710 13 VE BLWGRECD 3 0 c BLOWBY GAS RECORD DEVICE

5720 13 VE BLWGOBSF 12 0 c BLOWBY GAS OBSERVATION FREQUENCY
5730 13 VE BLWGRECF 12 0 c BLOWBY GAS RECORD FREQUENCY

5740 13 VE BLWGLOGF 12 0 c BLOWBY GAS LOG FREQUENCY

5750 13 VE EXPRSENS 14 0 c EXHAUST PRESSURE SENSING DEVICE

5760 13 VE EXPRCALF 14 0 c EXHAUST PRESSURE CALIBRATION FREQUENCY
5770 13 VE EXPRRECD 3 0 c EXHAUST PRESSURE RECORD DEVICE

5780 13 VE EXPROBSF 12 0 c EXHAUST PRESSURE OBSERVATION FREQUENCY
5790 13 VE EXPRRECF 12 0 c EXHAUST PRESSURE RECORD FREQUENCY
5800 13 VE EXPRLOGF 12 0 c EXHAUST PRESSURE LOG FREQUENCY

5810 13 VE CFLWSENS 14 0 c ENGINE COOLANT FLOW SENSING DEVICE
5820 13 VE CFLWCALF 14 0 c ENGINE COOLANT FLOW CALIBRATION FREGQUENCY
5830 13 VE CFLWRECD 3 0 c ENGINE COOLANT FLOW RECORD DEVICE
5840 13 VE CFLWOBSF 12 0 c ENGINE COOLANT FLOW OBSERVATION FREQUENCY
5850 13 VE CFLWRECF 12 0 c ENGINE COOLANT FLOW RECORD FREQUENCY
5860 13 VE CFLWLOGF 12 0 c ENGINE COOLANT FLOW LOG FREQUENCY
5870 13 VE RCCFSENS 14 0 c ROCKER ARM FLOW SENSING DEVICE

5880 13 VE RCCFCALF 14 0 c ROCKER ARM FLOW CALIBRATION FREQUENCY
5890 13 VE RCCFRECD 3 0 c ROCKER ARM FLOW RECORD DEVICE

5900 13 VE RCCFOBSF 12 0 c ROCKER ARM FLOW OBSERVATION FREQUENCY
5910 13 VE RCCFRECF 12 0 c ROCKER ARM FLOW RECORD FREQUENCY
5920 13 VE RCCFLOGF 12 0 c ROCKER ARM FLOW LOG FREQUENCY

5930 % VE RC_CSBIM 70 0 c ROCKER COVER AND CAMSHAFT BAFFLE IMAGES

FIG. A14.11 Data Dictionary

105



2-sep-1997
Test
$equence form Area
5940 15 VE
5950 16 VE
$960 17 VE
5970 18 VE
5980 19 VE
5990 20 VE
6000 20 VE
6010 20 VE
6020 20 VE
6030 20 VE
6040 20 VE
6050 20 VE
6060 20 VE
6070 20 VE
6080 20 VE
6050 20 VE
6100 20 VE
6110 20 VE
6120 20 VE
6130 20 VE
6140 20 VE
6150 20 VE
6160 20 VE
6170 20 VE
6180 20 VE
6190 20 VE
6200 20 VE
6210 20 VE
6220 20 VE
6230 20 VE
6240 20 VE
6250 20 VE
6260 20 VE
6270 20 VE
6280 20 VE
6250 20 VE
6300 20 VE
6310 20 VE
6320 20 VE
6330 20 VE
6340 20 VE
6350 20 VE
6360 20 VE
6370 20 VE
6380 20 VE
6390 20 VE
6400 20 VE
6410 20 VE
6420 20 VE
6430 20 VE
6440 20 VE
6450 20 VE
6460 20 VE
6470 20 VE

Field
Name

OP_OSIN
PISTONIN
CAMLOBIM
FSH_RAIN
TRANSTIN
TPRNGGP1
N2RNGGP1
TPRLCLR1
N2RLCLR1
TPRNGGP2
N2RNGGP2
TPRLCLR2
N2RLCLR2
TPRNGGP3
N2RNGGP3
TPRLCLR3
N2RLCLR3
TPRNGGP4
N2RNGGP4
TPRLCLRG
N2RLCLR4
GAPHRA
GAPHRB
TPRGGP1A
TPRGRW1A
TPRGGP1B
TPRGRW1B
TPRGINCY
TPRGGP2A
TPRGRW2A
TPRGGP2B
TPRGRW2B
TPRGINC2
TPRGGP3A
TPRGRW3A
TPRGGP3B
TPRGRW3B
TPRGINC3
TPRGGP4A
TPRGRW4A
TPRGGP4B
TPRGRW4B
TPRGINCA
BUCYLIT
BWCYLIN
BWCYL1B
BWCYLIA
BwCYL2T
BWCYL2M
BWCYL28
BWCYL2A
BUCYL3T
BWCYL3M
BWCYL3B

w eh od ed ad ab ah oad b oed WU W WWWHWNWW KWW WY U HWWHWO O UHWLGETWWSESTUHUHUWUNrrITMWDODOOOD O
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Report: ASTM Dats Dictionary

Field Decimal Data
Length Size _ Type Units/Format

N
N
N
N
n
N
N
IN
IN
IN
IN
N
IN
IN
N
IN

IN
N
IN
IN
IN
IN
N
IN
IN
IN
IN
IN
N
N
N
I
n
IN
N
n
NILS
MILS
NILS
NILS
MILS
MILS
MILS
MILS
MILS
MILS
NILS

2 E E E X EEEEEXZEEEZEEEEREEEEEZ EREEREXETZEZEEEEZEEONESEEZ EE R EEEEEZZEEEZEEOOOOODN

HOURS
HOURS

Description

OIL PAN AND OIL SCREEN IMAGES

PISTON SKIRT IMAGES

CAMSHAFT LOBE IMAGES

FRONT SEAL HOUSING AND ROCKER ARM IMAGES
SAMPLE TRANSITION PLOT IMAGE

TOP RING GAP, CYLINDER 1 (IN)

SECOND RING GAP, CYLINDER 1 (IN)

TOP RING-LAND SIDE CLEARANCE, CYLINDER 1 (IN)
SECOND RING-LAND SIDE CLEARANCE, CYLINDER 1 (IN)
TOP RING GAP, CYLINDER 2 (IN)

SECOND RING GAP, CYLINDER 2 (IN)

TOP RING-LAND SIDE CLEARANCE, CYLINDER 2 (IN)
SECOND RING-LAND SIDE CLEARANCE, CYLINDER 2 (IN)
TOP RING GAP, CYLINDER 3 (IN)

SECOND RING GAP, CYLINDER 3 (IN)

TOP RING-LAND SIDE CLEARANCE, CYLINDER 3 (IN)
SECOND RING-LAND SIDE CLEARANCE, CYLINDER 3 (IN)
TOP RING GAP, CYLINDER & (IN)

SECOND RING GAP, CYLINDER & (IN)

TOP RING-LAND SIDE CLEARANCE, CYLINDER & (IN)
SECOND RING-LAND SIDE CLEARANCE, CYLINDER 4 (IN)
TEST HOUR WHEN REGAP OCCURS -~ A (HOURS)

TEST HOUR WHEN REGAP OCCURS -- B (HOURS)

TOP RING GAP 8 XXX HRS, CYLINDER 1A (IN)

TOP RING GAP AFTER REWORK, CYLINDER 1A (IN)
TOP RING GAP @ XXX HRS, CYLINDER 1B (IN)

TOP RING GAP AFTER REWORK, CYLINDER 1B (IN)
TOP RING GAP INCREASE DUE WEAR, CYLINDER 1 (IN)
TOP RING GAP 8 XXX HRS, CYLINDER 2A (IN)

TOP RING GAP AFTER REWORK, CYLINDER 2A (IN)
TOP RING GAP 8 XXX HRS, CYLINDER 2B (IN)

TOP RING GAP AFTER REWORK, CYLINDER 2B (IN)
TOP RING GAP INCREASE DUE WEAR, CYLINDER 2 (IN)
TOP RING GAP @ XXX KRS, CYLINDER 3A (IN)

TOP RING GAP AFTER REWORK, CYLINDER 3A (IN)
TOP RING GAP @ XXX HRS, CYLINDER 38 (IN)

TOP RING GAP AFTER REWORK, CYLINDER 38 (IN)
TOP RING GAP INCREASE DUE WEAR, CYLINDER 3 (IN)
TOP RING GAP 8 XXX HRS, CYLINDER 4A (IN)

TOP RING GAP AFTER REWORK, CYLINDER 4A (IN)
TOP RING GAP 8 XXX HRS, CYLINDER 4B (IN)

TOP RING GAP AFTER REWORK, CYLINDER 4B (IN)
TOP RING GAP INCREASE DUE WEAR, CYLINDER & (IN)
BORE WEAR CYLINDER 1 TOP (MILS)

BORE WEAR CYLINDER 1 MIDDLE (MILS)

BORE WEAR CYLINDER 1 BOTTOM (MILS)

BORE WEAR CYLINDER 1 AVERAGE (MILS)

BORE WEAR CYLINDER 2 TOP (MILS)

BORE WEAR CYLINDER 2 MIDDLE (MILS)

BORE WEAR CYLINDER 2 BOTTOM (MILS)

BORE WEAR CYLINDER 2 AVERAGE (MILS)

BORE WEAR CYLINDER 3 TOP (MILS)

BORE WEAR CYLINDER 3 MIDDLE (MILS)

BORE WEAR CYLINDER 3 BOTTOM (MILS)

FIG. A14.12 Data Dictionary
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2-sep-1997
Test
Sequence Form Area
6480 20 VE
6490 20 VE
6500 20 VE
6510 20 VE
6520 20 VE
6530 20 VE
6540 20 VE
6550 21 VE
6560 21 VE
6570 21 VE
6580 21 VE
6590 21 VE
6600 21 VE
6610 21 VE
6620 21 VE
6630 21 VE
6640 21 VE
6650 21 VE

Field
Name

BWCYL3A
BWCYLAT
BWCYL4M
BWCYL4B
BWCYLLA
CYLBWAVG
CYLBWMAX
OILINOP
COLOUTDP
TIMNGOP
EX02120p
EXCO3DP
COLFLOOP
RACINDP
RPMDP
PWRDP
RACCOLDP
EXBK120P

b D 5302

Report: ASTM Data Dictionary

Field Decimal Data

Length Size  Type Units/Format

ViU wm oo o0

- ab o abd o oh b el o o b o o o e e

MILS
MILS
MILS
MILS
MILS
MILS

=
[l
-
[ ]

Z 2 E E R X EEREEEREEEEEEERE®SR
W3¢ I I M e R N R

%

Description

BORE WEAR CYLINDER 3 AVERAGE (MILS)

BORE WEAR CYLINDER &4 TOP (MILS)

BORE WEAR CYLINDER & MIDDLE (MILS)

BORE WEAR CYLINDER & BOYTOM (MILS)

BORE WEAR CYLINDER & AVERAGE (MiLS)

BORE WEAR CYLINDER AVERAGE (MILS)

BORE WEAR CYLINDER MAXIMUM (MILS)

ENGINE OIL INLET TEMP CAL DEV PERCENT (PERCENT)
ENGINE COOLANT OUTLEY TEMP CAL DEV (PERCENT)
TIMING CAL DEV (PERCENT)

EXHAUST GAS OXYGEN-STAGES 1&2- CAL DEV (PERCENT)
EXHAUST GAS CARBON MONOXIDE-STAGE 3- (PERCENT)
ENGINE COOLANT FLOW CAL DEV (PERCENT)

RAC INLET TEMP CAL DEV (PERCENT)

ENGINE SPEED CAL DEV (PERCENT)

POMER CAL DEV (PERCENT)

RAC COOLANT FLOW RATE CAL DEV (PERCENT)

EXHAUST BACKPRESSURE-STAGES 1&2- CAL DEV (PERCENT)

FIG. A14.13 Data Dictionary

107



#
#

#
FEEETHIEEREFEERERRHARRERHELERERR IR H IR IR EREPEREIRFERFEEEH AR EEEH IR IR FE#H

e N M e M Ml W W M Y N e MR M M S N e T Ml e Y e M Y M W M W S e e M M i M Y T W N N N YR Y

b D 5302

##############################################################f##f########;

Data Dictionary Repeating #
Field specifications #

The following contains specifications and field groupings for fields in the
Data Dictionary that are REPEATING Fields. These fields can be identified
in the Data Dictionary by the Hxxx or Rxxx in the last four positions of the
field name.

Repeating fields are used to specify repeating measurements.

The format for a repeating field name is 4 descriptive characters followed
by the letter H or R followed by 3 characters for the actual interval
the measurement was taken. The field will always be a total of 8 characters.

Example ABCDHxxX.
The following is the format of this specification:

Column 1 - 8: Repeating Field Name
Column 10 - 17: The Parent Field Name of the Group
Column 19 - 80: Comments about the Repeating Field Group.

The lines following the Repeating Field Name Record will contain the required
measurements for the particular field. Multiple 80 characters lines
can be specified. A blank line marks the end of each specification.

The Field Name in Column 10-17 designates the the Group in which the field
belongs. The First field name in a group is the Parent of the grouping
and can be used to determine how fields should be grouped.

The changing of the Parent Field marks the end of a repeating group
specification.

Example:

VIS_Hxxx, DVISHxxx and PVISHxxx expanded for transmission (8 and 16 hours):

VIS_H008
DVISHO08
PVISHOO08
VIS_HO016
DVISHO16
PVISHO16

Note: During electronic transmission, repeating field groups must be kept
together with in the specified group but the order with in the group
does not have to be maintained.

##########################################################################;

start of Field Grouping Specifications

#
I T addd it ddddddddddddadddddddddsaasiradaddddidi
#

VE VERSION 19970902
ITEMHxxx ITEMHXxX OPERATIONAL DATA ITEM

REMKHxxx ITEMHxxXX OPERATIONAL DATA REMARKS OR DEVIATIONS

FIG. A14.14 Repeating Field Specifications
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TYPEHxxx TYPEHxxX
TESTHxxx TYPEHXXX
STGEHx%XX TYPEHXXX
DTIMHxxx TYPEHXXX
LSTMHxxx TYPEHxxXX
DREAHxxXx TYPEHxxX
FE__Hxxx FE__Hxxx

012 108 204 288 NEW

CU__Hxxx FE__HXxX
0127108 204 288 NEW

SI__Hxxx FE__ Hxxx
012 108 204 288 NEW

VS40Hxxx FE__ Hxxx
012 108 204 288 NEW

FUELHxxx FE__Hxxx
012 108 204 288

PENTHxxx FE__HxxX
108 204 288

OILCHxxx OILCHxXXX
006 012 018 024 030

OILLHxxX OILCHXxXX
006 012 018 024 030

b D 5302
SHUTDOWN TYPE

TEST HOURS (HHH:MM)

STAGE

DOWNTIME TIME (HHH:MM)

LOST TIME (HHH:MM)

DOWNTIME PROBLEMS/ACTIONS/COMMENTS
IRON HOURS (PPM)

COPPER HOURS (PPM)

SILICON HOURS (PPM)

VISCOSITY @ 40 DEG C HOURS (CST)
FUEL DILUTION HOURS (% MASS)
PENTANE INSOLUBLES HOURS (% VOLUME)
OIL CONSUMPTION CYCLE XXX (FL. 0Z.)

036 042 048 054 060 066 072

OIL LEVEL CYCLE XXX (FL. 0Z.)
036 042 048 054 060 066 072
FIG. A14.15 Repeating Field Specifications
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*
When transmitting this Data Dictionary, a Header Data Dictionary should *
preceed the data. The latest version of this Header Data Dictionary can *
be obtained from the Test Monitoring Center either by ftp (internet) or *
by calling the Test Engineer responsible for this particular test. *

*

%*

* % % % % %

kkkkhkdkkkkhkhhkhhhkhkdhhhhhhhkhhkhhkhhhkhhkhkhhhhhhhhkhhhhhkhhkhhhkhhhkhdhhhhhhhhrhhhbhhhhhdhk
FIG. A14.16 Header Data Dictionary

A15. ONE-HALF MILLIMETRE OVERSIZE PISTON MODIFICATIONS

A15.1 See Fig. A15.1.

Sequence VE Second Run Piston Modifications
Piston Lands and Rings Drawn to Scale
Surface finish of Ring Lands after rework

Ra = 100 to 200 [ 150 nominal }
{Top and Second Ring Lands only)

Machine down ring lands d — 0.017 in +/- 0.002 in

= d

Top Chamfer = 0.035 in +/- 0.004 in

. 5

L
7
N . T7—]
@ All other chamfers = 0.015 in +/- 0.005 in l
_J’I
/R < L
V 27 )
{t
12)
No changes to Piston Skirt
Make sure no damage to tin plating
—
27

FIG. A15.1 One-half Millimetre Oversize Piston Modififcations

A16. REQUIRED INSPECTIONS AND OPERATIONS FOR REUSE OF CYLINDER HEADS

Al16.1 Cylinder heads may be reused more than oncellowed). Scrap any cylinder head that does not meet the
provided the head remains within the specifications in Tabldlatness requirements listed in Table A16.1.
Al16.1. Replacement part numbers and part number for the A16.2.7 Measure the diameter of the valve guide bores. The

suggested cam bearing tool are listed in Table A16.1. valve guides may be reamed, or bored, to use 0.0015-in.
diameter oversize Ford valves, if necessary, to maintain speci-

A16.2 Cleaning Process fied stem to guide clearance. Scrap any cylinder heads that do
A16.2.1 Remove the cam bearing galley plugs. not meet the valve guide diameter clearances specified in Table

A16.2.2 Soak the cylinder head in agitated organic solvenf\16.1 with standard or oversize valve stems.
(see 7.7.3), or other approved solvent, until all sludge is o
dissolved. As an alternative, the head may be cleaned, using a”A16-3 Rebuilding Method

caustic cleaning solution followed by a 1-h soak in agitated A16.3.1 Remove any remaining combustion chamber de-

organic solvent. posits by using a rotary wire brush.

A16.2.3 Rinse the cylinder head in tri-sodium phosphate/ A16.3.2 Recondition the valve seats. Lapping the valve
hot water bath. seats is the preferred method of valve seat reconditioning.
Al16.2.4 Spray the cylinder head with a solution of aliphaticLapping results in an insignificant amount of metal being
naphtha and 50 % Mobile EF-411. removed, thus having little if any effect on the installed valve
A16.2.5 Dry the cylinder head with forced air. spring height (see 7.8.8.4). Seats may be ground, providing the

A16.2.6 Check the cylinder head for flatness (no machiningnstalled valve spring height and combustion chamber volume
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TABLE Al16.1 Sequence VE Cylinder Head Specifications and Required Part Numbers

Specifications
Combustion chamber volume 59.8-62.8 cm®
Valve guide bore diameter 0.3433-0.3443 in. (8.72-8.75 mm)
Valve stem to guide clearance:
Intake 0.0014-0.0027 in. (0.035-0.069 mm)
Exhaust 0.0019-0.0032 in. (0.048-0.081 mm)
Valve springs:
Free length 1.9-2.0 in. (48.3-50.8 mm)
Out-of-square 0.075-in. max (1.91 mm)
Compression force 167 = 8 Ibf at 1.16 = 0.03 in. (743 = 36 N at 29.5 = 0.76 mm)
Installed height 1.563-1.59 in. (38.86-40.39 mm)
Intake and exhaust valve seat angle 45°
Intake valve seat width 0.060-0.080 in. (1.52-2.03 mm)
Exhaust valve seat width 0.070-0.090 in. (1.78-2.29 mm)
Seat runout limit (T.I.R. max) 0.0016 in. (0.041 mm)
Flatness, cylinder head deck (no machining allowed) 0.006 in. max (0.15 mm)
Ford part numbers:
Cam bearings D4FZ-6261-C
Camshatft oil seal E8ZZ-6700-A
Intake valve E877-6507-A
Intake valve (0.0015 in. oversize) E87Z-6507-B
Exhaust valve E43Z-6505-A
Exhaust valve (0.0015 in. oversize) E43Z-6505-B
Cam bearing tool (suggested) T71P-6250-A
Expander screw (not supplied with tool) T65L-6250-A13
comply with the values specified in Table A16.1. A16.3.6 Install new camshaft oil seal.

A16.3.3 Clean with aliphatic naphtha spray, and use bristle A16.3.7 Assemble the cylinder head in accordance with

brushes on the combustion chambers and valve deck angdg 6 of this test method. Use new intake and exhaust valves,
through the valve guides. Final spray with aliphatic naphthayng |ypricate all parts with Mobil EF-411.
containing 50 % Mobile EF-411.

A16.3.4 Dry with forced air.
A16.3.5 Install new cam bearings. Any method of installa-
tion may be used that ensures free movement of the camshatft.
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APPENDIXES
(Nonmandatory Information)

X1. ENGINE MEASUREMENT SHEETS

X1.1 See Figs. X1.1-X1.6. pages are recommended to be utilized in accordance with the requirements
_  0f 7.8.6-7.8.15.
Note X1.1—The data sheets shown sequentially on the following
SEQUENCE VE Engine No.
Engine Build No.
CYLINDER BORE, PISTON, AND COMPRESSION Date
RING MEASUREMENTS Technician
Cylinder Bore Measurements
o Average 8ore Bore Bore
. Longitudingl | Trangverse " . "
:‘C:x Location ‘:7"5;;:‘“’:.' D(;,'D";'::' ng.m’::r‘u:g)‘u:.m Oul{:é Ifurvgl, in. 1(‘:::; :; Mncr:ll'i:nlh,
- . o 2 (0.0010) max) (0.001 max)
o
1 |Migdle
Bottom
Tof
2 [Middie
Bottom
Tol
3 [Miadie
Bottom |
To ]
4 [Midgle |
Bottom |
Aange of Acceptable
Cylind " ol t T t
N\\lu:b:: (ABD - ;’;ﬂ:?::‘!%“— ‘310012 inJ Salm::‘:‘i::;, in. &lm::’?’l:on. in.
1
2
3
4
Ring Gep
Cylinger Top Ring Second Ring Top Aing-Land Second Ring-Lana
Number Gag, in. Gsp. in. Side Clearance, in. Side Clearance, in.
1
2
3
4
Compression Ring Regap History end Wear Data
Cylinder Ring Ring Gep Ring Gap After Aing Gap Ring Gap After Ring Gap increass
| Number | Location ®. . hnyin Rawork, in. & ___ hrs in Rowork. in. Due to Wear. in.
T e
Second
2 Top
Second
) Top
Second
R To
Second il

FIG. X1.1 Bore Piston and Ring Measurement Data
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SEQUENCE VE Engine NO. —
Engine Build No.
CYLINDER BORE, PISTON, AND COMPRESSION Date —
RING MEASUREMENTS Technician
Cylinder Bore Messurements
o Aversge Bore Bore Bore
Cylinder | tongitudinal [ Traneere | piameter (ABD), 1 m | Out of Round, M| Taper, M | Microfinish,
Nimber| LOCSHON | Diameter | Diamater | 1p g mig + TD @ bot (LD - TO} {max A} wm
(LD), me | (TD),m 2 (0.035) max) | (0.038 mas)
Top
1 Middle
Bottom
Top
2 Middle
Bottom
Top
3 Middie
Bottom
Top
4 Middie
Bottomn
Plston Measurements
Criinder mghm..x\m Dismeter of Taper of
Number (ABD - 0.0760(ABD — 0.0§% ) Selected Piston, Mwm Selected Piston, vm
1
2
3
4
Compression Ring Gep Messurements
Cylinder Top Ring Second Ring Top Ring-Land Second Ring-Land
Number Gap, mwa Gap, mm Side Clearance, v m Side Clearancs, mim
1
2
3
4

Compression Ring Regap History and Weer Dets

Cylinder Ring ~ Ring Gep Ring Gap After fing Gap Ring Gap After | Ring Gap incresse
Number | Locstion @ hrs. mm Aework. mm | @ .. hrs, mwm Rework, mwa | Due to Wear, m m
1 Top
Second -
Top
2 Second
3 Top
Second
. Top
Second

FIG. X1.1 (M) Bore Piston and Ring Measurement Data  (continued)
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SEQUENCE VE Engine No. .. SEQUENCE VE CamshaftNo. —
Engine Build No. — EnginaNo.
CRANKSHAFT, OiL PUMP, CONNECTING ROD, AND CamshaftNo. CAMSHAFT DIMENSIONAL MEASUREMENTS Engine Build No.
CAMSHAFT ENDPLAY MEASUREMENTS Cate —_ Date
Technician Technician —
Crankshaft Measurements
Main Bearing Journais Camshaft Lobe Height Camshaft Lobe Oil Orifice Diameter
Hor ; Vortical (1.4150 - 1.4228in) (0.047 - 0.055 in.)
orizontal ertica {35.94 — 36.14 mm] [1.19 - 1.40 mm]
Diameter (HD) | Diameter (VD) Out of Round Fitted Bearing - - -
Clearance, in b Height Height After | Differance
Journal HD), i VD), i (VD ~ HD), i o LL°‘° Before Test, (AH), [(BH - AH), in. Lobe Orifice Diameter
Number tHD). in. -0 - 0C3UON | rons 18H), in| in.
(2.3982 — 2.3990 in.) (0.0006 in. max) (0.0008 — 0.0026 in.) e 1E
(60.91 — 60.94 mm)] [0.015 mm} [0.020 — 0.066 mm) 11 1
1 26 26
2 2 2l
3 3E 3E
3| 3l
4
4E 4E
5 a 4l
Crankshaft Measurements Average Difference
Rod Bearing Journals Maxi Di
Horizontal Vertical Camshaft Journal Qil Orifice Diameter
Diameter (HD) | Diameter (VD} Out of Round Fitted Bearing (0.116 - 0.124 in.}
Journal Clearance, in. (2.95 - 3.15 mm]
Number (HD), in. {VD), in. (VD — HD} in. Journal Orifice Diameter
(2.0464 - 2.0472in.) (0.0006 in. max) {0.0008 - 0.0026 in.) Front
[51.98 — 52.00 mm] [0.015 mm max] [0.020 — 0.066 mm] Rear
i
2
3 Camshaft Qil Delivery
Groove Dimensions
4 Groove Depth Groove Width
. {0.039 - 0.047 in.) | {0.052 — 0.063 in.}
Connecting Rod Oil Orifice Diameter Camshaft Endplay [0.99 ~ 1.19 mm)] | [1.32 - 1.60 mm)
Oil Orifice Diameter Front
Connecting Rod Rear
Number (0.062 - 0.068 in.) Endplay
[1.57 — 1.73 mm]) FIG. X1.3 Camshaft Measurement Data
{0.001 - 0.007 in.)
1 [0.03 - 0.18 mm}
2 SEQUENCE VE Engine No
3 [—— Engine Build No.
4 CAMSHAFT LOBE AND ROCKER ARM HARDNESS Camshaft No
Date
FIG. X1.2 Crankshaft Bearing Clearance, and Miscellaneous Technictan —
Measurement Data
Lobe Lobe Hardness Rocker Arm Hardness
Location {>50 Rockwell C} {>57 Rockwell C}
1E
1
2E
2|
3E
3
4E
4l

Note 1—Camshafts with individual lobe hardness less than 50 Rock-
well C may be used. Record lobe location(s) and hardness value(s) on the
Supplemental Operational Data form, see Fig. A7.5.

FIG. X1.4 Hardness Measurement Data
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SEQUENCE VE Engine No. — SEQUENCE VE Engine No.
Engine Build No. — Engine Build No.
CONNECTING ROD BEARING AND Camshaft NO. rHead No.
ROCKER ARM WEIGHT SetNo.__ Date
Date Technician
Technician

VALVE SPRING MEASUREMENTS
Connecting Rod Bearing Weight

- - . Out of Force
Connecting | Bearing | Weight Before | Weight After Weight Loss Total Weight Loss Spri Free Length, in. s . -
: , , - 3 T pring 19 - 2.0in. quare, in. Uninstalled Installed
Rod Number | Location | Test (WB), g | Test (WA), g | (WB - WA), mg | (Top + Bottom), mg Location (4(8 39_ si)%lrlln] (0.078 in. max) | (167 = 8 Ibf @ 1.16 = 0.03 in.) (167 = 8 Ibf)
T Top - ' (1.98 mm max]|[75.7 = 3.6 kgf @ 29.5 = 0.8 mm]|[75.7 = 3.6 kgf]
Bottom 1€
2 Top Al
Bottom 2€
3 Top 2
Bottom 3E
4 Top 3l
Bottom 4E
4l
Rocker Arm Weight
" firm el VALVE STEM TO GUIDE CLEARANCE
Rocker Arm Waeight Before Weight After Difference Stern to Guide
i Te BW), Test (AW}, BW - Aw),
Location est (BW), mg ‘est (AW}, mg { ). mg Clearance (GD - SDJ, in.
1€ Valve Valve Guide Valve Stem Exhaust (0.0019 - 0..0032 in.)
" Location Diameter (GD), in. Diameter (SD), in. {0.048 - 0.081 mm)]
intake (0.0014 - 0.0027 in.)
2 {0.036 - 0.068 mm))
2 1€
3E 10
3 2E
4E 2
ai 3E
Average Difference 3l
Maximum Difference €
FIG. X1.5 Weight Measurement Data 4

FIG. X1.6 Cylinder Head Measurement Data
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X2. SOURCES OF MATERIALS AND INFORMATION

X2.1 The following sources are provided for convenience X2.1.9 Intake-Air Humidity Instruments-The Alnor Dew-
only. This does not represent an exclusive or complete listingointer, EG & G, Foxboro, and Protimeter dewpoint meters (or
of required materials or information sources. equivalent) are suitable for measurement of the intake-air

X2.1.1 ASTM Sequence VE Test Pa#8STM Sequence SPecific humidity. B .
VE Test Parts Kits can be purchased through Ford Power X2.1.10 Blowby Flow Rate Orifice-Information concern-
Products distributors and Ford or Lincoln-Mercury dealersing the blowby flow rate orifice meter is available from the
The distributor or dealer should transmit orders to the addreg®llowing:

following; General Motors Research Laboratories
. S Fuels and Lubricants Dept.
Ford Parts and Service Division 30500 Mound Road
Power Products Operations Warren. Ml 48090-9055
3000 Schaefer Road '
E’-O- EOX 6&1|148121 X2.1.11 Heat Exchangers- ITT Standard and Ross Heat
earorn. Exchangers can be obtained from the following supplier:
X2.1.2 ASTM Test Monitoring CenterAll communica- Kinetics Engineering Corp.
tions with the TMC should be directed as follows: 2055 Silber Road, Suite 101
ASTM Test Monitoring Center Houston, TX 77055
4400 Fifth Ave. X2.1.12 Fuel Flow MeasuremenrtMass fuel flowmeters
Pittsburgh, PA 15213 . . .
o . are available from the following supplier:
X2.1.3 Test Sponse+ All communications with the test Micro Motion Corp.
sponsor (Ford Motor Company) should be directed as follows: 7070 Winchester Circle

Ford Motor Co. Boulder, CO 80301

EEE Bldg,, Room D-145 (Box 44) X2.1.13 Various Materials—RAC Kits, oil separators, cam-
21500 Oakwood Blvd. g K
Dearborn, M| 48121-2053 shaft baffles, oil filter adapters SB3 and EB3, and various other

. - . test stand parts and component calibration devices utilized in
X2.1.4 Aeroquip Hose and Fittings-Aeroquip hose and this test method are available from the following supplier:

fittings can be obtained from the following supplier: ,
Bowden Manufacturing Corp.

Aeroquip qup. 4590 Beidler Road
1225 W. Main Willoughby, OH 44094

Van Wert, OH 45891
X2.1.5 Inspected Engine ParsPremeasured and cali- X2.1.14 Fuel Management Syste|_ uel mar?agement
systems are available from the following supplier:

brated Sequence VE engine parts and various componeh

calibration devices are available from the following supplier: Intelligent Controls, Inc.

41000 Vincenti Court

Test Engineering Inc. Novi, Ml 48050

1530 Larkspur Drive ) A

San Antonio, TX 78213 X2.1.15 Exhaust Gas Analysis Instrumentatieftxhaust
gas analysis instrumentation can be obtained from the follow-

X2.1.6 Fuel Informatior—General information concerning
Phillips J fuel can be obtained from the following:

Phillips Petroleum Co.
3C3 Home Savings and Loan Building

ing suppliers:
X2.1.15.1CO Measurement (0 to 10 % COBeckman
Model 864 or 868 is available from:

Bartlesville, OK 74004 Rosemont
. - - . . 12001 W. Technology Drive
X2.1.6.1 Fuel Availability—Phillips J Reference Gasoline is Exden Prairio, MN E5844

available from the following supplier:

. . X2.1.15.2 CO Measurement (0 to 10 % COXHoriba PIR
Phillips Chemical Co.

Speciality Chemicals 2000 is available from:
P.O. Box 968 Horiba Inc.
Borger, TX 79008-0968 1021 Duryea
. Irvi CA 92714
X2.1.7 Water-Cooled Exhaust ManifoldsThe exhaust rine.
manifold is available from the following supplier: X2.1.15.3 O, Measurement-Beckman Model 715 Process
Edelbrock Inc. Oxygen Monitor is available from:
2700 California St. Rosemont
Torrance, CA 90503 12001 W. Technology Drive

X2.1.8 Engine Coolant FlowmeterBarco flowmeters for Eden Prairie, MN 55344

the engine coolant system (PN BR 12705-16-310) can be X2.1.15.4 O, Measurement-Scott Oxygen Analyzer

obtained from the following supplier: Model 250 is available from:
Aeroquip Corp. Environmental Tectonics Corp.
1225 W. Main Countyline Industrial Park
Van Wert, OH 45891 South Hampton, PA 18966
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X2.1.15.5 O, Measuremenrt-Teledyne 320 B/RC is avalil-
able from:

Teledyne Analytical Instruments, Inc.
16830 Chestnut St.
Industry, CA 91749

X2.1.15.6 NO, Measurement-Beckman Model 951 is
available from:

Rosemont
12001 W. Technology Drive
Eden Prairie, MN 55344

X2.1.15.7 UEGO Sensors are available from

NGK Spark Plugs

27260 Haggerty Road
Suite A-14

Farmington Hills, Ml 41018

X2.1.16 Exhaust Gas Analysis Calibration Gases

Calibration gases for exhaust gas analysis equipment can be

obtained from the following supplier:

Scott Environmental Technology, Inc.
Route 611
Plumbsteadville, PA 18949

X2.1.17 Crankcase and Intake-Air Pressure GageSages
are available from the following supplier:

Dwyer Instrument Co.

Junction of Indiana State Highway 212 and U.S. Highway 12
P.O. Box 373

Michigan City, IN 46360

X2.1.18 Condensate Trap- Meriam Model 932S conden-
sate trap is available from the following supplier:

Meriam Instrument
10920 Madison Ave.
Cleveland, OH 44102

X2.1.18.1 Condensate TrapsNorgren miniature filter/line

302

X2.1.21 Piston Ring Grinder—A Sanford Piston Ring
Grinder has been found satisfactory and is available from the
following supplier (purchasers should specify the Ford 2.3 L
engine application):

Sanford Manufacturing Co.
300 Cox Street

P.O. Box 318

Roselle, NJ 07203

X2.1.22 Hardness Tester A suitable hardness tester is
available from the following supplier:

King Tester Corp.
510 Feheley Drive
King of Prussia, PA 19406
X2.1.23 Connecting Rod HeaterThe Sunnen Model
CRH-50 connecting rod heater has been found suitable and is
available from the following supplier:

Sunnen Inc.
7910 Manchester
St. Louis, MO 63143
X2.1.24 Tygon Hose- Tygon hose is available through
local Cadillac Plastic Company distributors or the following
supplier:
The Norton Co.
12 East Avenue
Tallmadge, OH 44278
X2.1.25 Rating Lamps- Suitable rating lamps are available
from the following supplier:

Dazor Manufacturing Corp.
4455 Duncan Ave.
St. Louis, MO 63110
X2.1.26 Valve Springs— Additional valve springs are avail-
able from the following supplier:

Associated Spring Co.
401 Stadium Drive
Ann Arbor, MI 40810

X2.1.27 Special Tools for the Test EngireSpecial tools to

traps have been found suitable and are available from thfacilitate assembly and disassembly of the engine are available

following supplier:

C. A. Norgren Co.
1 Norgren Plaza
Littleton, CO 80120-1698

X2.1.19 Cooling System Flushing Agerformulation No.
7 Cooling System Cleanser—Heavy-Duty is available from
division of the following supplier:

Armorall Products Corp.
Aliso Viejo, CA 92656

X2.1.20 Lubricants— EF-411 and Vacmul 3-D are available
from local distributors of Mobil products.
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from the following supplier:
Owatonna Tool Co.
2013 4th St. NW
Owatonna, MN 55060
X2.1.28 Cylinder Head Stress PlateA stress plate, which
in conjunction with the laboratory supplied stress plate (see

%Section 7.5.9 and Fig. A3.36) is designed to simulate the

cylinder head, is available from the following supplier:

BHJ Products

37530 Enterprise Ct.
Newark, CA 94560
(Reference No: 38413)

X2.1.29 Remote Oil Filter AdapterA remote filter
adapter, Part No. OHTA-007-1 is available from the following
supplier:

OH Technologies
P.O. Box 5039
Mentor, OH 44061-5039
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X3. ANALYSIS OF PHILLIPS J FUEL, BATCH 26

X3.1 See Table X3.1.

TABLE X3.1 Analysis of Phillips J Fuel, Batch 26

API Gravity at 60°F (16°C) 54.6
Color Undyed
Doctor test Negative
Copper corrosion, 3 h at 212°F (100°C) 1-A
Reid vapor pressure, psig (kPa) 8.0 (55)
Research octane number 94.2
Motor octane number 83.0
Research + Motor,[(R + M)/2] 88.6
Total sulfur, % weight 0.019
Gum, mg/100 mL 0.4
Oxidation Stability, min 1200 +
Lead, g/gal (mg/L) <0.001 (<0.26)
Distillation, % Evaporation,® F (°C)
IBP 98 (37)
10 % 130 (54)
50 % 225 (107)
90 % 335 (168)
End point 425 (218)
Recovery, % 98
PONA, % vol
Paraffins plus Napthenes 43.5
Olefins 14.7
Aromatics 41.8
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X4. THEORETICAL EXHAUST GAS RELATIONSHIPS )
PHILLIPS J REFERENCE FUEL

X4.1 See Fig. X4.1.

(CHy goly

CARBON DIOXIDE

CARBON MONOXIDE

EXHAUST GAS COMPOSITION, PERCENT BY VOLUME
©

8 9 0 1 12 13 14 15 % 17 18 19 20
AIR FUEL RATIO

FIG. X4.1 Theoretical Exhaust Gas Relationships, Phillips J
Reference Fuel

X5. DESCRIPTION OF SCOTT QUARTERLY GAS AUDIT SERVICE

X5.1 The Scott Quarterly Gas Audit Service is a subscrip-a report detailing individual results and a statistical analysis
tion service to audit the performance of CO ang d@halysis  using data from all participating laboratories.
instruments and is offered by Scott environmental Technology x5 3 pifferences in results obtained at the sample port and
(see X2.1.16). The service is completed once every thregq calipration inlet normally result from operating procedures,
months and utilizes span gases of CO andr0a balance of |gaks in the sampling system, or improper design of the
N,. The exact concentration of the span gases is unknown @y mpjing system. Differences in results between a specific
the customer, but falls within a specified range. laboratory and the industry average usually indicate deficien-

X5.2 The subscriber analyzes the span gas with th&ies in the analyzer or the quality of the calibration gases.

instrumentation used for VE testing. The gas is introduced X5.4 Calibration gases traceable to national standards can
through the calibration port and the sample inlet of the systermalso be utilized to verify the performance of exhaust gas
The laboratory submits the results to Scott, and Scott publishesnalysis equipment.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.
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This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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