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1. Scope and Opaque Liquids (the Calculation of Dynamic Viscos-

1.1 This test method measures the ability of crankcase oil to _itY) o . _
control camshaft lobe wear for spark-ignition engines equipped D 525 Test Method for Oxidation Stability of Gasoline
with an overhead valve-train and sliding cam followers. This ~_(Induction Period Method) . .
test method is designed to simulate extended engine idling D 3525 Test Method for Gasoline Diluent in Used Gasoline
vehicle operation. The Sequence IVA Test Method uses a _Engine Oils by Gas Chromatography . .
Nissan KA24E engine. The primary result is camshaft lobe D 4485 Specification for Performance of Engine Oils
wear (measured at seven locations around each of the twelve D 5185 Test Method for Determination of Additive Ele-
lobes). Secondary results include cam lobe nose wear and Ments, Wear Metals, and Contaminants in Used Lubricat-
measurement of iron wear metal concentration in the used N9 Oils and Determination of Selected Elements in Base
engine oil. Other determinations such as fuel dilution of  Oils by Inductively Coupled Plasma Atomic Emission
crankcase oil, non-ferrous wear metal concentrations, and total SPectrometry (ICP-AES) . _ .
oil consumption, can be useful in the assessment of the validity D 5302 Test Method for Evaluation of Automotive Engine

of the test results.

1.2 The values stated in either Sl units or in other units shall
be regarded separately as standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to useSee Annex A5 for
specific safety precautions.

2. Referenced Documents

2.1 ASTM Standards®

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

D 323 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Reid Method)

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

D 445 Test Method for Kinematic Viscosity of Transparent

1 This test method is under the jurisdiction of ASTM Committee D02 on

Petroleum Products and Lubricants and is the direct responsibility of Subcommittee

D02.B0 on Automotive Lubricants.
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2The ASTM Test Monitoring Center will update changes in this test method by
means of Information Letters. Information letters may be obtained from the ASTM
Test Monitoring Center (TMC), 6555 Penn Ave., Pittsburgh, PA 15206-4489,
Attention: Administrator.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM
Standardssolume information, refer to the standard’s Document Summary page on
the ASTM website.

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

D 5844 Test Method for Evaluation of Automotive Engine
QOils for Inhibition of Rusting (Sequence 1ID)

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 230 Specification and Temperature-Electromotive Force
(EMF) Tables for Standardized Thermocouples

G 40 Terminology Relating to Wear and Erosion

2.2 API Standard:

API 1509 Engine Oil Licensing and Certification Sysfem

2.3 SAE Standards:

SAE J183 Engine Oil Performance and Engine Service
Classificatiof

SAE J254 Instrumentation and Techniques for Exhaust Gas
Emissions Measurement

2.4 ASME Standard:

B46.1 Standard for Surface Texture (Surface Roughness,
Waviness, and La$)

2.5 JASO Standard:

M 328-95 Valve-train Wear Test Procedure for Evaluating

4 Available from The American Petroleum Institute (API), 1220 L. St., NW,

Washington, DC 20005.

S Available from Society of Automotive Engineers (SAE), 400 Commonwealth

Dr., Warrendale, PA 15096-0001.

® Available from American Society of Mechanical Engineers (ASME), ASME

International Headquarters, Three Park Ave., New York, NY 10016-5990.
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Automobile Gasoline Engine Ofls 4. Summary of Test Method
2.6 CEC Standard: _ 4.1 Test Numbering SchemdJse the test numbering
CEC-L-38-A-94 Peugeot TU-3M/KDX Valve-train Scuffing scheme shown below:
Wear Test AAAAA-BBBBB-CCCCC
3. Terminology AAAAA represents the stand number. BBBBB represents
3.1 Definitions: the number of tests since the last calibration test on that stand.

3.1.1 blowby, n—in internal combustion engingthe com- CCCCC represents the total number of Sequence IVA tests
bustion products and unburned air-and-fuel mixture that entefonducted on that stand. For example, 6-10-175 represents the
the crankcase. D5302 L175th Sequence IVA test conducted on test stand 6 and the
tenth test since the last calibration test. Consecutively number
rall tests. Number the stand calibration tests beginning with zero

standard, provided acceptable results. Sub. B Glossary for the BBBBB field. Multiple-lgngth Sequence IVA tests are
3.1.2.1 Discussion—In several automotive lubricant stan- Multiple runs for test numbering purposes, such as double-

dard test methods, the ASTM Test Monitoring Center provided€N9th tests which are counted as two runs and triple-length
testing guidance and determines acceptability. tests which are counted as three runs. For example, if test

3.1.3 reference oil n—an oil of known performance char- 1-3-28 is a doubled-length test, number the next test conducted

acteristics, used as a basis for comparison. on that stand 1_'5'30' , )
3.1.3.1 Discussion—Reference oils are used to calibrate 42 Test Engine-This procedure uses a fired 1994 model
testing facilities, to compare the performance of other oils, of\iSSan KA24E 2.389-L, in-line 4-cylinder, 4-cycle, water-

g : 1011 .
to evaluate other materials (such as seals) that interact witfP0led, port fuel-injected gasoline engitfe:" The engine
oils. D5844 features a single overhead camshaft with sliding follower

rocker arms, with two intake valves and one exhaust valve per
cylinder, and hydraulic lash adjusters. The camshaft is not

3.1.2 calibration test standn—a test stand on which the
testing of reference material(s), conducted as specified in t

3.2 Definitions of Terms Specific to This Standard:

3.2.1 assessment lengtm—the length of surface over -
which measurements are made. phosphate-coated or lubrited. _ ,

3.2.2 break-in n—initial engine operation to reach stabili-  4-3 Test Stane-Couple the test engine (devoid of alternator,
zation of the engine performance after new parts are installef°ling fan, water pump, clutch and transmission) to an
in the engine. eddy-current dyne_lmometer for_ precise qontrol of engine speed

3.2.3 cam lobe wearn—the sum of the wear determined at and torque. Specify the combined inertia of the driveline and

dynamometer to ensure reproducible transient ramping of

the following locations (nose is zero location}l) (14 cam ‘ . . .
degrees before the nos€) (L0° before the nose3) 4° before ~ €Ngine speed and torque. Control the intake air, provided to the

the nose, 4) at the nose,§) 4° after the nose§) 10° after the engine air filter housing, for temperature, pressure, and humid-
nose, 7) 14° after the nose. ' ity. Mount the engine similar to its vehicle orientation (tilted up

3.2.4 cam nose wean—the maximum linear deviation of a 5.5°in front; sideways 10° up on intake manifold side; bottom

worn nose profile from the unworn profile; the nose is the highPf 0il sump horizontal). Modify the engine ECM wiring
lift point on the particular cam lobe. arness, sensors, and actuators. The test stand plumbing shall

3.2.5 flushing n—the installation of a fresh charge of conform to the diagrams shown in Annex A3. Install the engine
lubricant and oil filter for the purpose of running the engine to®" & test stand equipped with computer control of engine
reduce and eliminate remnants of the previous oil charge. SP€ed, torque, various temperatures, pressures, flows, and other

3.2.5.1 Discussion—Flushing may be carried out in an parameters outlined in the test procedure (see Section 11).

iterated process to ensure a more thorough process of reducin 4'4|T915t SfequenegAfter en.gine”break-in or afteL tfhe
previous il remnants, completion of a previous test, install a new test camshaft and

3.2.6 reference line n—a deduced, leveled, straight line rocker arms. Charge the fresh test oil to the engine and conduct
drawn on the profilometer graph from the front unworn WO flushes. After completing both flushes, drain the used oil,

average edge of a cam lobe to the rear unworn average edge‘?ﬂd weigh and install the fresh test oil and filter. Conduct the
that cam lobe. test for a total of 100 h, with no scheduled shutdowns. There

3.2.7 valve-train n—a mechanical engine subsystem com-2r€ two operating conditions, Stage | and Stage II; 50 min of

prised of the camshaft, the rocker arms, hydraulic lash adjust@9€ | and 10 min of Stage Il comprise one test cycle. The test

ers, the poppet valves, and valve-springs. ength is 100 cycles.
3.2.8 waveness,,, "—the maximum excursion of the worn 4.5 Analyses ConductedAfter test, measure the camshaft
surface as graphically measured normal to the reference lind2Pes using a surface profilometer. From these graphical profile
measurements, determine the maximum wear at seven loca-

tions on the cam lobe. Determine individual cam lobe wear by

7 Available from Japanese Standards Organization (JSA), 4-1-24 Akasaka
Minato-Ku, Tokyo, 107-8440, Japan. —_—

8 Available from the Coordinating European Council for the Development of  1°The sole source of supply of the apparatus known to the committee at this time
Performance Tests Transportation Fuels, Lubes, and other Fluids, Madou Plaza , B5Nissan North American, Inc., P.O. Box 191, Gardena, CA 90248-0191.

Floor Place, Madou B-1210, Brussels, Belgium. 1f you are aware of alternative suppliers, please provide this information to
9 Available from ASTM Test Monitoring Center (TMC), 6555 Penn Avenue, ASTM International Headquarters. Your comments will receive careful consider-
Pittsburgh, PA 15206-4489, Attention: Administrator. ation at a meeting of the responsible technical committeéhich you may attend.
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summing the seven location wear measurements. Average tl
wear from the twelve cam lobes for the final, primary test
result. After test completion, determine the oil consumption by
the weight of used oil versus the fresh oil charged to the engin
(including oil filter). Analyze the end of test used oil for fuel
dilution, kinematic viscosity, and wear metals. Retai 1 L
final drain sample for 90 days. Retain the camshaft and rocke
arms for six months.

5. Significance and Use

5.1 This test method was developed to evaluate automotiv
lubricant’s effect on controlling cam lobe wear for overhead
valve-train equipped engines with sliding cam followers.

Note 1—This test method may be used for engine oil specifications,
such as Specification D 4485, API 1509, SAE J183, and ILSC GF 3.

FIG. 1 Modified Water Pump

6. Apparatus

Nore 2—Coordination with the ASTM Committee D02, Subcommittee i\ non_gnerable. Disable the swirl control actuator. Disable
B, Sequence IVA Surveillance Panel is a prerequisite to the use of an

equivalent apparatus. However, the intent is to permit reasonable adaptﬁ]e fast idle SyStem and the auxiliary air control (AAC) valv'e.
tion of existing laboratory facilities and equipment. Figures are providedR€place the engine coolant temperature sensor by a fixed
throughout the test method to suggest appropriate design details and depi@sistor. Modify the engine water-pump to incorporate an
some of the required apparatus. external electric-driven water-pump. Do not use the water-

6.1 Test Engine-This test method uses a fired 1994 modelpump fan blade and cooling radiator. Remove the alternator.
Nissan KA24E 2.389L, in-line 4-cylinder, 4-cycle, water- Install an oil cooler (water-to-oil heat exchanger) at the oil
cooled, port fuel-injected gasoline engitfél. See Annex A2 filter housing, as shown in Annex A3. Modify the engine
for a parts lists. Nominal oil sump volume is 3.5 L. The Wiring harness. Install fittings for various temperature and
cylinder block is constructed of cast iron, while the cylinder pressure measurements as required by the test method. Place
head is aluminum. The engine features a single overheai#e Nissan production rocker cover with a specially manufac-
camshaft with sliding follower rocker arms, with two intake tured aluminum jacketed rocker cover. Route the engine
valves and one exhaust valve per cylinder, and hydraulic lasgoolant through this jacket. Install a fitting in the front engine
adjusters. The camshaft is not phosphate-coated or lubritegover to allow a portion of the crankcase ventilation air to
The rocker arm contact pad material is powdered metal. Thbypass the rocker cover. Install fittings for various temperature
engine compression ratio is 8.6 to 1. Rate the engine at 198nd pressure measurements as required by this test method.
N-m torque at 4400 r/min. The ignition timing and multi-port ~ 6.2.1 Non-Operable EGR-This test method does not use
fuel injection system is ECM. Fuel the engine with a speciallyan EGR valve. Cover the EGR port with the supplied 3-mm
blended, non-detergent unleaded reference gasoline. Make tH¥ckness block-off (blind) plate (see Annex A3). Remove the
EGR non-operable. hose from the exhaust manifold to the EGR. Plug the EGR

6.1.1 Engine Buildup and Measurement AreZhe ambient  supply port in the rear of the exhaust manifold with a pipe
atmosphere of the engine buildup and measurement areas sH#fing.
be reasonably free of contaminants and maintained at a 6.2.2 Swirl Control Actuator—Disable the swirl control
uniform temperature. Maintain the specific humidity at aactuator by removing the harness connector and vacuum line.
uniform level to prevent the accumulation of rust on enginePlug the vacuum line source.
parts. Use uniform temperatures to ensure repeatable dimen-6.2.3 Fast Idle Disabling—To disable the fast idle system,
sional measurements. Use a sensitive surface profilometégmove the fast idle cam on the throttle body.
instrument to measure the wear of the cam lobes, and place the6.2.4 Engine Coolant Temperature SenseBubstitute the
profilometer on a base-plate free of external vibrations. variable input of the coolant temperature sensor to the ECM

6.1.2 Engine Operating Area-The laboratory ambient at- Wwith a fixed resistance of 30D at the wiring harness of the
mosphere shall be reasonably free of contaminants and genefaCM.
wind currents, especially if and when the valve-train parts are 6.2.5 Utility Engine Water-pump-Modify the engine
installed while the engine remains in the operating area. Thevater-pump shown in Fig. 1 to serve as a dummy housing on
temperature and humidity level of the operating area is nothe engine, and use an electric motor-driven, external water
specified. pump for this test.

6.1.3 Parts Cleaning Area-This test method does not 6.2.5.1 Support two surfaces, 180° apart, of the underside
specify the ambient atmosphere of the parts cleaning are@on-machined surface) of the 77-mm diameter steel hub.
(Warning—Use adequate ventilation in areas while usingLeave the shaft, body, and impeller free to be pressed out of the
solvents and cleansers). supported hub.

6.2 External Engine Modifications-Modify the test engine 6.2.5.2 Using a press punch rod with the approximate
for the valve-train wear test. Make the exhaust gas recirculadiameter of 14 mm, press the shaft out of the hub.
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6.2.5.3 Locate the copper wire clip in the slot on the side of TABLE 1 ECM Wiring Harness Modifications ~ #
the aluminum alloy pump body. Remove the U-shaped wire Connector Description Connector Number(s)
clip by pulling perpendicular to the longitudinal axis of the — camshaft Position Sensor 30M
water-pump shaft. Power Transistor 44M
6.2.5.4 Support the flat, machined face of the aluminum B'rfit{if:tg;" Py
alloy pump body on two sides, 180° apart, leaving the impeller, oxygen Sensor 59M
bearings, seal, and shaft free to be pressed out of the aluminum 'I\E/'aS_S AiéFITW ansor < 65M1 fi?fog 0
t Temperature Sensor nstal resistor;
alloy pump body. ngmne &ooan
Throttle Position Sensor 66M
6.2.5.5 Again using press punch rod with the approximate injectors 1-4 72M, 73M, 74M, 75M
diameter of 14 mm, press the shaft, impeller, double bearing, 'B“tzke GA” Te(;“Pera‘U'e Sensor 21785%
H O roun
and seal assembly out of the aluminum alloy pump body. Press Engiyne Ground 6OM. 61M
in the direction of the internal cavity. Connector Description Connector Number(s)
. B
6.2.5.6 Clean and prepare the aluminum alloy pump body E‘é%gl;{";f;ce'ay o
for contamination free welding. Resistor and Condenser 40M
6.2.5.7 Fabricate a water pump bore plug (see Annex A3) Check Connector 208M
; i Joint Connector A 259M
starting at the ngck of the aIummum alloy pump body towar_ds ECM (ECCS Control Module) oM
the internal cavity. In some instances, due to manufacturing ruel Pump 2C
tolerances, the pump body may need to be heated to approxi- Jcoint Connector C gégM 8umper Eargwireg;
o H i onnector M (jumper hardwire
mately 290 C a_md 'Fhe fabrlcated_ bore pl_ug cooled to approxi- .o Temperature sensor 17M (retain, do not connect)
mately 0°C. This will allow easy installation of the bore plug.  egRrc solenoid valve 88M (retain, do not connect)
6.2.5.8 Preheat the aluminum alloy pump body (with plug !ACV-AAC Valve and 64M (retain, do not connect)
installed) to approximately 200°C IACVFICD Solenoid Valve
_pp y ' . . Ground Connector (retain, do not connect)
6.2.5.9 Using an argon/tungsten-inert gas welder with Check Engine Light add and utilize
pedal/rheostat-operated 220-A , 4043 aluminum 3-mm filler 30 amp fuse holder add and utilize
. . . Ground add and utilize
rod, and the approximate settings of AC gnd high frgquency, Keep-Alive wire add and utilize
weld the base perimeter of the plug to the internal cavity of the Ignition wire add and utilize
aluminum pump body. Ground wire? add and utilize

6.2.5.10 Allow to cool, then perform final cleaning before  See modified wiring diagram in Annex A3. , ‘
B Modify the fuel pump relay connector (5M) to provide a nominal 13 V to the fuel

installation on the engine' pump only when turning on the ignition power switch. See Annex A3 for the wiring
6.2.6 Coolant Bypass HoseDisconnect the coolant bypass detals. .
hose at the intake manifold. The connection ends are plquqgsik;ll-:?mi,ccs relay uses the 6M connector. Connect it to the battery through a
to prevent bypass flow. Remove the thermostat. D Attach the wiring harness grounds to the front engine-lifting bracket.
6.2.7 Oil Cooler—Insert a water-to-oil heat exchanger (see
Annex A3) between the engine oil filter adapter block and the
oil filter, using a gasket as shown in Annex A3. See AnnexA3 g2 9 ECM Wiring Harness ModificatiorsRemove the
for installation details. Plumb the water outlet to the coolersgnnectors and wires from the electronic control module
fitting and orient to the same axis as the olil filter. Orient thewiring harness except those shown in Table 1.
cooler for both water fittings to face the rear of the engine. Use

flexible hoses (16-mm diameter) of approximately 0.5 m namometer test is designed for operation using computer
length to connect process water to the oil cooler. Control the oifjy 9 P 9 P

temperature by metering the flow of the process water outlet. &ontrol instrumentation and computer data acquisition. Provide
control system valve with Flow Coefficient (Cv) of 0.32 an intake air system for the precise control of engine intake air

produces satisfactory control. Replace the oil cooler (segum'd'ty’ temperature, and clegpl|ness.
Annex A3) when the short-block assembly is replaced. Nor- 6-3.1 Computer Data Acquisition SysteAThe procedure
ma”y, this allows 16 tests to be conducted using the same oﬁhOWn in 6.3.1.1-6.3.1.3 details the test stand |Og 0pel’ati0na|
cooler. Recommend replacing any hoses to the oil cooler whefiata with a computer data acquisition system using the sensor
installing a new oil cooler. configurations, and compliance with Data Acquisition and
6.2.8 Ignition Power Supply-Use a 15A dc power supply Control Automation 112
to provide 13.4 to 14.2 V dc to the ECM that powers the engine 6.3.1.1 Frequency of Logged Steady-State Dafaog the
ignition system (a Lambda Electronics Corporation Model No.Stage | steady-state (last 45 min of stage) operational condi-
LFS-43-15 has been found useft#i? Provide a separate tions every 2 min or more frequently. Log the Stage I
power source for the starter motor circuit. Use an automotivesteady-state (last 5 min of stage) operational conditions every
battery equipped with a low-amperage battery charger. 30 s or more frequently.

6.3.1.2 Frequency of Logged Transient DatdDefine the
transient time as the first 5 min following operational stage
2 The sole source of supply of the apparatus known to the committee at this timChangeS' Computer log and plot the cycle 5 transient data. Log

is Lambda Electronics Corporation, 515 Broad Hollow Road, Melville, NY %he critical parameters (engme speed, torque, oil ga”ery
11747-3700. temperature, coolant out temperature) once per second or

6.3 Test Stand and Laboratory Equipmenthis engine-
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TABLE 2 System Time Response TABLE 3 Upper and Lower Control Limits
Time Response, max Parameter L U
Parameters (one time constant)

Coolant Flow 29.8 30.2

Temperatures 25s Coolant Out Temperature, 49.88 50.12

Pressures 16s Stage | and Il 54.88 55.12
Coolant Flow 25s Exhaust Back-pressure 103.34 103.66

Torque 20s Intake Air Humidity 10.8 12.2

Speed 18s Intake Air Pressure 0.047 0.053

Intake Air Temperature 31.71 32.29

QOil Cylinder Head Temperature, 48.7 49.3

. . Stage | and Il 58.7 59.3
higher frequency. If cycle 5 transients are beyond the proce-  speed, 7935 806.5
dural limits defined in 11.2.6, document and confirm the  Stagelandii 1493.5 1506.5
. . . . . Torque 24.5 255
corrective action with the next available transition plot. Rocker Cover Air Flow 95 105

6.3.1.3 System Time Response for Logged Bazo not
exceed the controlled operational parameters for system time
response for measurement shown in Table 2. The system timenore 3—The dynamometer speed and load control systems shall be
response includes the total system of sensor, transducer, analegable of maintaining the steady state operating set points within the
signal attenuation, and computer digital filtering. Use singleserformance envelope (that is, quality index established by the industry
pole type filters for attenuation. matrix testing program).

6.3.1.4 Quality Index—The Quality Index (QI) is an overall Note 4—Two types of full closed-loop speed and load control systems

tatistical f th iati f test t ts of th have been successfully utilized. One typical closed-loop system maintains
statstical measure 0 € variation from ftest targets o %peed by varying dynamometer excitation and maintains torque by

steady-state operational controlled parameters. The Sequenggying the engine throttle. This arrangement may provide satisfactory
IVA Surveillance Panel has chosen the QI upper and lowesteady-state control. Another closed-loop speed and load control system
control limits; see Table 3, used in the QI calculation equationmaintains torque by varying dynamometer excitation and controls speed
If the QI calculation of a controlled parameter is less than zeroysing the engine throttle. This arrangement may provide satisfactory
then the laboratory engineer shall investigate the reason, assdggisient control during stage changes.

its impact on test operational validity, and document such 6.3.4 Intake-air Supply SystemThe supply system shall be
finding in the final test report. It is recommended, for calibra-capable of delivering a minimum of 600 L/min (2000 L/min
tion tests, that the laboratory engineer and the TMC agree opreferred) of conditioned and filtered air to the test engine
the validity assessment. during the 100 h test, while maintaining the intake-air param-

6.3.2 Test Stand ConfiguratierMount the engine on the eters detailed in Annex Al. A humidifying chamber controls
test stand similar to its vehicle orientation (tilted up 5.5° inthe specific humidity and provides a positive air pressure to an
front; sideways 10° up on intake manifold side; bottom of oil intake air supply duct. Annex A3 shows a general schematic of
sump horizontal). This orientation is important to the returnthe intake air system.
flow of oil in the cylinder head, and ensures reproducible oil 6.3.4.1 Induction Air Humidity—Measure the intake air
levels. Directly couple the engine flywheel to an eddy-currenspecific humidity in the main system duct or at the test stand.
dynamometer through a driveshaft. The driveshaft design shalf using a main system duct dew point temperature reading to
minimize vibration at the test operating conditions. The dyna-<alculate the specific humidity, verify the dew point periodi-
mometer system shall have inertia of 0.750.15 kgnf to  cally at the test stand. Maintain the duct surface temperature
ensure satisfactory control of engine speed at 800 rpm, stablbove the dew point temperature at all points downstream of
air-to-fuel ratio control, and enable reproducible transienthe humidity measurement point to prevent condensation and
control of engine speed and torque during stage changes. Doss of humidity level.
not use hydraulic type dynamometers, as they exhibit residual 6.3.4.2 Intake Air Filtering—Use the production intake air
loads at low speed operation. Do not use the engine to driveleaner assembly (Annex A2), with filter, at the engine. Use a
any external engine accessory. Recommend the area above arrkel adapter, functionally equivalent to that shown in Annex
to the left of the rocker arm cover be left unobstructed to allowA3, to connect the controlled air duct to the air cleaner. Modify
for easier on-site replacement of valve-train wear parts whilehe top of the air cleaner assembly for the installation of the
the engine rests on the test stand. See Annex A5 for Safeiptake temperature sensor and for the intake pressure sensor
Precautions. line. Refer to 6.3.4.5 and 6.3.11.8.

6.3.3 Dynamometer Speed and Load Control Systéia 6.3.4.3 Intake Air Flow—Do not measure for intake airflow.
improve laboratory reproducibility for transient control of 6.3.4.4Intake Air Temperature-For final control of the
engine speed and torque, the driveline system inertia, excluéngine inlet air temperature, install an electric air heater strip
ing engine, shall be 0.75% 0.15 kgnf. Control the engine within the air supply duct. The duct material and heater
power for evaluating the lubricant in a repeatable manner byelements design shall not generate corrosion debris that could

6.3.3.1 Measuring and controlling engine speed and dynade ingested by the engine. To provide sufficient duct flow for

mometer torque, adequate air temperature control, it is recommended that
6.3.3.2 Controlling exhaust absolute pressure by exhausixcess air be dumped just prior to the air cleaner snorkel. An
pipe throttling, and air dump area of approximately 6 érwill provide sufficient

6.3.3.3 Controlling the supply of intake air temperature,flow without stagnation. If additional airflow is required to
humidity, and pressure differential above barometer pressurestabilize air temperature, it is permissible to install a nominal
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1-cm bleed hole in the air filter housing. Install the inlet TABLE 4 AFR Analyzer Parameters *
temperature sensor in the air cleaner, centered at the inlet to the Fuel Properties Value
air cleaner (see Annex A3). Attach a support brace to the air Hydrogen to Carbon ration of the fuel 1.800

. . e . . Oxygen Content 0.000
cleaner assembly mounting stud and wing nut, if vibration of Y9

the temperature sensor is a problem.

6.3.4.5 Intake Air Supply Pressurelnstall a disc type valve
in the controlled air system supply duct to control the engineenable the gxhaust to be controlled to an absolute pressure. Use
inlet air gage pressure. Locate the sensing tube for inlet aff @ catalytic converter, or exhaust attenuator, or pipe cooling
pressure in the topside of the air cleaner assembly (approxiS optional, provided these devices are installed after the
mately 5 cm left and 8 cm front of the right rear corner of theProduction exhaust pipe front length and specified absolute
assembly). This location senses the pressure before enteriR§essure is maintained. Remove the unused exhaust pipe
the air cleaner element. production fitting, and weld a plate over the opening (see

6.3.5 Fuel Supply SystemThis test method requires ap- Annex A3)_. Because this test method is continuoqsly operated
proximately 200 L of unleaded Haltermann KA24E Green tes@t low engine speeds and torque, the water vapor in the exhaust
fuel>13 per test (100 cycles). Ensure a sufficient fuel supply aas tends to condense in the exhaust piping. Install a low point
the start of test to conduct the test without a shutdown. Use thdrain in the exhaust piping to remove accumulated water
production port fuel injection system, including fuel pump (seebefore the start of each test. Depending on the exhaust piping
Annex A3), fuel injector rail, and fuel pressure regulator. Use@rrangement, remove water periodically throughout the 100 h
recirculated fuel within the system using a non-production heaf€st if exhaust pressure fluctuations are observed.
exchanger to maintain fuel temperature ranging from 15 to 6.3.6.1Air-To-Fuel-Ratio SenserInstall a Universal Ex-
30°C. Measure fuel consumption using a mass flow metehaust Gas Oxygen (UEGO) sensor in the production exhaust
(MicroMotion*24 model D-6 is suitable). Install a fuel filter PiPe to monitor the air-to-fuel ratio. Make a port approximately
assembly (See Annex A3) upsteam of the fuel pump. Ensura cm downstream of the collector. Orient the UEGO to the

proper fuel filtration to maintain precise air-fuel ratio control front side of the exhaust pipe using the appropriate weld fitting.
during the test. It is not necessary to direct cooling air over the UEGO sensor.

6.3.5.1 Fuel Temperature-Measure fuel temperature 6.3.6.2Exhaust Gas TemperatureMeasure the exhaust
through one of the ports in a cross fitting located in the linedas temperature using a 6-mm diameter thermocouple. Install
between the fuel pump and the fuel rail. Maintain the fuelthe thermocouple in a welded fitting attached to the exhaust
temperature between 15 and 30°C. pipe at a location 5 cm downstream from the end of the

6.3.5.2 Fuel Pressure-Measure the fuel pressure through collector. Insert the sensor tip to the center of the exhaust pipe

one of the ports in a cross fitting located in the line between théS€€ Annex A3).
fuel pump and the fuel rail inlet. 6.3.6.3 Exhaust Absolute PressureAttach the exhaust

6.3.5.3Fuel Flow—Install a mass fuel flow meter for Pressure sensor tube to a welded fitting installed on the exhaust

measuring the fuel consumption rate in the fuel supply systenRiP€ at a location 5 cm downstream from the end of the tube
prior to the fuel recirculating loop. A MicroMotion model D-6 collector. Orient this fitting circumferentially 60 to 90° from
fuel flow meter has been found to be suitable. the exhaust temperature sensor. _

6.3.6 Exhaust SystemUse a production cast iron exhaust ~6-3.6.4 Exhaust Sample Probelt is optional to install an
manifold, without insulation, for the test. Plug the rear of the€xhaust sampling probe for emission analyses (percent O
manifold (EGR supply) with a pipefitting. Do not use an EGR €O, CO, HC). If used, locate the exhaust sampling probe 10
for this test. Use and install a production exhaust gas oxygefm downstream from the end of the collector on the exhaust
sensor (one-wire EGO) in the original location in the exhausPiPe- Extend the probe into the center of the exhaust pipe, with
manifold. Mount an industrial cooling blower with a nominal the tip of the probe cut to a 45° angle (longest portion facing
air flow rating within 10 000 L/min to 14 000 L/min to blow air upstream). . .
vertically over the cast iron exhaust manifold and the manifold 6-3.7 Air-to-Fuel Ratio Control—Control the air-to-fuel ra-
exhaust gas oxygen (EGO) sensor. This cooling air is essentiip (AFR) at a stoichiometric mixture (14.4 0.3) by the
to proper EGO operation. Ensure this cooling air is not directe@ngine ECM, using feedback from the production exhaust gas
to the engine oil pan or rocker arm cover. Use a deflector shiel@Xygen sensor installed in the exhaust manifold.
to prevent air currents at the oil pan. See Annex A5 for Safety 6-3.7.1 AFR MeasuremertTo monitor the reliability of the
Precautions. Use the production exhaust pipe front lengthFR control, use an AFR analyzer with a separate wide
(minimum 0.5 m), including tube collector with shield, leading 'ange-sensing element (UEGO) sensor to compute the AFR.
from the manifold. Route the exhaust from the test cell usingS€ a Horiba model MEXA 110 lambda analy2&t? or the
accepted laboratory practices. Install an exhaust pressufelAS Lambda Meter LA3!® These analyzers are configured

control valve at any point after the production exhaust pipe t¢0 read directly the air-to-fuel ratio. Program the Mexa 110
AFR analyzer with the information shown in Table 4 for the

A Stochiometric air-to-fuel ratio for the test fuel is 14.4 to 1.

13 The sole source of supply of the apparatus known to the committee at this time————————————
is Dowell Chemical Company, 1201 South Sheldon Road, Channelview, TX °The sole source of supply of the apparatus known to the committee at this time

77530-0429. is Horiba Instruments, 17671 Armstrong Avenue, Irvine, CA 92714.
14 The sole source of supply of the apparatus known to the committee at this time ® The sole source of supply of the apparatus known to the committee at this time
is Micromotion, 7070 Winchester Circle, Boulder, CO 80301. is ETAS, 2155 Jackson Avenue, Ann Arbor, Ml 48103.
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FIG. 2 Jacketed Rocker Cover

Haltermann KA24E Green test fuel. Input the Mexa 110been found to be suitable. Position the heat exchanger verti-
analyzer with sensor calibration documentation received witltally, and the coolant inlet at the top of the exchanger. Plumb
the sensor. It is recommended that a periodic verification of théhe high point bleed to remove system air during initial
calibration be performed by exposing the sensor to a 4.0,% Ocirculation of coolant. Install a sight-glass in the coolant line
N, balance certified gas. Follow the manufacturer’s calibratiorupstream of the external coolant pump. Plumb a low point
procedures for the AFR analyzer used. drain to allow complete coolant removal.
6.3.8 Ignition System-Do not modify the ignition system 6.3.9.4 Coolant Contro—For control of the coolant out
for this test method. temperature, install an automatic control valve in the process
6.3.8.1 Monitoring Ignition Timing—Use an automotive water outlet of the heat exchanger. Use a control valve with a
timing light (strobe) to visually check the ignition timing. Cv rating of 1.25 for the recommended heat exchanger size.
6.3.9 Engine Coolant SystemA schematic diagram of the  6.3.9.5 Coolant Flow ControMeasure the coolant flow
external coolant system is shown in Annex A3. Use a 50 %using a volumetric flow sensor installed in the coolant line
deionized water and antifreeze solution, using an extended lifeetween the heat exchanger and the coolant inlet to the engine.
ethylene glycol based engine coolant. Texaco Havoline DexA Barco venturt'® metering element is recommended. Con-
Cool"*17 has been found to meet this requirement (see Annefrol the flow by an automatic flow control valve on the
A4). Configure the plumbing such that the total coolant systendischarge side of the external pump. A control valve with a Cv
capacity, including engine and normal reservoir capacity, is 2%ating of 16 is recommended.
to 30 L. Regulate the system pressure by a 100 kPa radiator- 6.3.9.6 Jacketed Rocker Cover Coolant SysteRoute a
type pressure cap onto the reservoir tank. Plumb the coolant feortion of total coolant system flow through the jacketed rocker
enter the engine at the thermostat housing (remove the thecover. Install a tee fitting at the exit of the coolant heat
mostat). Coolant exits the engine at the front of the intakeexchanger to allow the coolant flow to split into two circuits
manifold. Circulate a portion of the engine coolant through thgmain circuit to the engine thermostat housing and secondary
specially manufactured jacketed rocker cover (see Annex A3Xircuit to the jacketed rocker cover (see Fig. 2). The secondary
6.3.9.1 External Coolant Pump-Use an electric motor- circuit enters the front of the jacketed cover and exits the rear
driven centrifugal bronze body pump with a nominal minimum of the cover. Install an automatic air bleed vent near the front
rating of 150 L/min at 100 kPa head pressure. The actual flovef the rocker cover. Limit the secondary circuit flow rate at the
range during the test (including break-in) is 20 to 70 L/min. exit by installing a two-way control valveY2z in. nominal
6.3.9.2 Coolant Heater—Use a nominal 8 kW electric internal diameter size, with a flow coefficient rating (Cv) of
heater, or equivalent external heating source, in the coolari.25. Configure the control valve in the fail-safe open position.
system. This allows engine coolant soak temperatures to bEhe secondary flow joins the primary flow at the suction of the
maintained while the engine is not running. Because the ECMoolant system-circulating pump. Refer to the schematic of the
coolant temperature sensing system is non-operable, smoaotiboling system located in Annex A3.
running of the engine upon start-up depends on maintaining the 6.3.10 Crankcase Ventilation Systelffrig. 3)—Alter the
coolant soak temperature. Nissan production routing of the crankcase gasses to ensure
6.3.9.3 Coolant Heat ExchangerUse a conventional shell- that a certain mass flow rate of fresh air is supplied to the
and-tube heat exchanger for cooling. Flow the engine coolantalve-train underneath the jacketed rocker cover. Take
through the tube side, and use process water on the shell sidaumidity-conditioned air from the bottom, left rear of the air
A nominal 150—mm diameter by 1200—-mm long exchanger has

18 The sole source of supply of the apparatus known to the committee at this time
17 The sole source of supply of the apparatus known to the committee at this times Barco, Hyspan Precision Products, 1685-T Brandwine Avenue, Chula Vista, CA
is Texaco Lubricants Company, P.O. Box 4427, Houston, TX 77210-4427. 91911.
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FIG. 3 Crankcase Ventilation System Flow Diagram

cleaner housing and route to the rear right side of the rockemanifold vacuum source. Use a longer hose to connect the
arm cover and to the engine front cover. Draw the crankcasecker cover to the air cleaner housing. During blowby

off-gas from the engine at the production breather and oimeasurement, position the 3-way valve and hoses to route
separator. From the breather, the crankcase gas flows througlowby from the rocker cover (bypassing the air cleaner),

the Positive Crankcase Ventilation (PCV) valve to the bottomthrough the blowby meter, through the 3-way valve, then to the
plenum of the intake manifold (see Annex A3) for a drawing ofintake manifold vacuum source. Monitor crankcase pressure at
the ventilation system plumbing. Use a mass flow meter tqhe dipstick tube. During blowby measurement, adjust the

measure the 10.0 Standard Litres per Minute (SLPM) frestyowby measurement apparatus for zero crankcase pressure.
airflow to the rocker cover. This meter, corrected to standard ¢ 54 Temperature Measuremenemperature measure-

gclj_rl]:’dl\llltlorléill Sgglleh?)\flethaen n?ectceurrz(r:w);lfﬂbg.zf n?ih?n'\w/lurit olfo20 ment equipment and locations for the required temperatures are
SLPM. Time response of the measurement shall be less than 8Pe_0|f|ed in 6.3.11.1-6.3.11.11. The T.MC shall approve alter-
Rative temperature measurement equipment. The accuracy and

equal to 1.0 s. One model that meets these specifications .
Sierra Mass Flow Meter, model 730-N2-1E0PV1V4 (air: opresolution of the temperature measurement sensors and the
’ o complete temperature measurement system shall follow the

SLPM)1® Prior to the meter is a three-way control valve. ©~'"F" ) e
This valve should have a nominal size of 1.25 cm, with a flowdUidelines in Specification E 230.
coefficient rating of 2.5 Cv. Configure the valve so that loss of 6.3.11.1Thermocouples-All thermocouples except the
control power routes all air to the rocker cover. A Badger Meterintake-air thermocouple shall be premium, sheathed, types with
Y in. research valve with Trim A meets these require-pl’emium wire. The intake-air and ambient air thermocouples
ments!2° Use a surge at the exit of the flow meter. It shouldmay be an open-tip type. Grounded thermocouples may pro-
have a nominal capacity of 20 L. The plumbing from the 3-wayvide a more accurate reading, in situ, when immersion depths
valve to the engine front cover is a nominal diameter of 1.0 crrare limited. Using grounded thermocouples requires the incor-
see Fig. 4. The plumbing from the 3-way valve, through theporation of signal conditioning modules for providing electri-
flow meter and surge chamber, and on to the rear of the rockerally isolated inputs to digital computer systems. Use thermo-
cover, is a hominal diameter of 1.6 cm. couples of 3.2 or 6.4 mm diameter in specific locations. The 3.2
6.3.10.1 Diversion for Blowby MeasurementiTo facilitate  mm thermocouples are specified at locations, which require
the periodic measurement of engine blowby, install a 3-wayhort immersion depths to prevent undesirable temperature
valve in the hose between the engine PCV and the intakgradients. For exhaust gas temperature, the 6.4 mm diameter
thermocouple is recommended. Match thermocouples, wires,
- and extension wires to perform in accordance with the special
9 The sole source of supply of the apparatus known to the committee at this iméimits of error as defined by Specification E 230. Either Type J
is E(i)erra Instruments, 5 Harris Court, Monterey, CA 93940. . __(Iron-Constantan) or Type T (Copper-Constantan) or Type K
The sole source of supply of the apparatus known to the committee at this tim . .
éChromel-Alumel) thermocouples are acceptable; Type J is

is Badger Meter, Inc., Precision Products Division, 6116 East 15th Street, Tulsa, O
74112, preferred.
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FIG. 4 Location of Crankcase Ventilation Port to Engine Front Cover

6.3.11.2 Resistance Thermometer Detectefio not use pipe tee to the nipple. Use a straight-through tee connection for
Resistance Thermometer Detectors (RTDs) as alternatives the temperature sensor. Insert the sensing tip into the center of
thermocouples, due to inherent signal attenuation characterithe oil gallery passage. Orient the right angle tee connection
tics that are different from sheathed, grounded thermocouplesownward and use for the measurement of cylinder head

6.3.11.3Engine Coolant Inlet-Install the engine coolant gallery pressure. The cylinder head oil temperature is the
inlet temperature sensor at the inlet pipe, 200 mm from the engrimary control point.

of the thermostat-housing nipple. Locate the sensor tip at the ¢ .3.11.8 Rocker Cover Gas Temperaturdnsert the rocker
center of the pipe inner diameter. . cover gas temperature sensor through the rear cylinder head
outlet temperature sensor at the coolant water outlet passagergfle in the rear rubber plug, 4 mm down from the top, flat

the top of the manifold, 5 cm from the intake gasket surfaceciosed tip type J thermocouple, 4 cm length, into the drilled
Locate the sensor tip at the center of flow. The recommendefgle so that the tip of the sensor is 12 mm from the inside

thermocouple diameter is 3.2 mm. This temperature is thrface of the rubber plug.

coolant control point. 6.3.11.9 Intake-air—Install the inlet temperature sensor in

6.3.11.5Engine Oil Gallery TemperaturePrecisely weld a the air cleaner, centered at the inlet to the air cleaner as shown

thermocouple fitting to the oil filter block_(see F'.g' 5). A in Annex Al. If vibration of the temperature sensor is a
3.2-mm diameter thermocouple, or equivalent is recom- .

- Cr .problem, a support brace may be attached to the air cleaner
mended. Position the sensor tip in the center of the oi

passageway. Do not use the engine oil gallery temperature fc:)arssembly mounting stud and wing nut.

oil temperature control. 6.3.11.10Exhaust TemperatureMeasure the exhaust gas

6.3.11.6 Engine Oil Sump TemperatureSense the engine temperatu_re. ustma 6 mmdiameter thermo_couple insta!led in
oil sump temperature by modifying the drain plug location of& welded fitting attached to the exhaust pipe at a location 5 cm
the oil pan for a thermocouple fitting, as shown in Fig. 6. Inserdownstream from the end of the collector. Install the sensor tip
the sensor tip 50 mm inside the interior surface of the oil pant® the center of the exhaust pipe (see Annex A3).
Only monitor this temperature. It is not used for oil tempera- 6.3.11.11Fuel Temperature-Measure the fuel temperature
ture control. through one of the ports in a cross fitting located in the line

6.3.11.7 Cylinder Head Oil TemperatureAssess the cyl- between the fuel pump and the inlet of the fuel rail. Maintain
inder head oil gallery from the intake side of the head througtthe fuel temperature at this location between 15 and 30°C.
the vertical passage, centered front-to-rear (see Fig. 7). Drill an 6.3.11.12Dynamometer Load Cell Temperatardeasure
access port in a bossed area of the head, and locate 10 nthe dynamometer torque using a strain-gage transducer at-
upward from the deck surface of the head. Drill and tap thdached to the moment arm; it is recommended that the
access port to accept/ain. close pipe nipple. Connecta-in. environment surrounding the transducer be maintained at a
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for adaptation of existing test stand instrumentation. The
accuracy and resolution of the pressure measurement sensors
and the complete pressure measurement system shall follow
the guidelines detailed in ASTM research report RR
D02-1218*
6.3.12.1 Allowance for Pressure Head Deviatichd)se
tubing between the pressure tap locations and the final pressure
sensors and incorporate condensate traps. This is important in
applications where low air pressures are transmitted through
lines passing through low-lying trenches between the test stand
and the instrument console. Locate the pressure transducer at
the same elevation as the measurement location, or account for
the pressure head. Design the oil pressure sensor / tubing lines
to minimize the trapped oil volume in the tubing lines.
6.3.12.2Intake Manifold Vacuum-Measure the intake
FIG. 5 Oil Filter Block manifold vacuum on the throttle body, at an existing port
located just below the throttle plate.
6.3.12.3Engine Oil Pressure-Sense the engine oil pres-
sure at the production location on the oil filter block (see Fig.
5). Route the sensing line to a tee fitting, allowing ports to a
pressure transducer and an analog pressure gage.
6.3.12.4Cylinder Head Oil Gallery PressureAssess the
cylinder head oil gallery from the intake side of the head
through the vertical passage, centered front-to-rear. Drill this
access port in a bossed area of the head that is located 10 mm
upward from the head deck surface. Drill and tap the access
port to accept &s-in. close pipe nipple. Connectla-in. pipe
tee into the nipple. Orient and use the right angle tee connec-
tion downward for the measurement of cylinder head gallery
pressure.
6.3.12.5Fuel Pressure-Measure the fuel pressure through
a cross-fitting port located in the line between the fuel pump
FIG. 6 Oil Pan and the fuel rail inlet.
6.3.12.6 Intake-air Pressure-To control the engine inlet air
gage pressure, install a disc type valve in the controlled air
system supply duct. Locate the inlet air pressure sensing tube
in the topside of the air cleaner assembly (approximately 5 cm
left and 8 cm front of the right rear corner of the assembly).
This location senses the pressure before entering the air cleaner
element.
6.3.12.7 Crankcase PressureAttach the crankcase pres-
sure sensing line to a fitting welded to the dipstick tube. Locate
this fitting approximately 8 cm from the top of the dipstick tube
(see Fig. 8). The sensor shall be capable of measuring positive
and negative pressure. If using a manometer, install a liquid
trap to prevent manometer fluid from entering the crankcase.
6.3.12.8 Exhaust Absolute PressuréAttach the exhaust
pressure sensor tube to a welded fitting installed on the exhaust
pipe located 5 cm downstream from the tube collector end.
FIG. 7 Cylinder Head Orient this fitting circumferentially 60 to 90° from the exhaust
temperature sensor. Install a condensate trap between the probe
and sensor to accumulate water present in the exhaust gas.
constant temperature. Strain-gage transducers are very sensig 3.13 Flow Rate Measurement Equipmeftleasure the
tive to temperature changes. Use a temperature sensor locateggine coolant, fuel, and blowby flow rate. The accuracy and

near the transducer to monitor ambient variations. resolution of the flow rate measurement sensors and the
6.3.12 Pressure Measurement Equipmefithe seven re-

quired pressure measurement parameters are shown in
6.3.11.2-6.3.11.8. Th|5 test methOd does not speC|fy SpECIfIC 21 Supporting data have been filed at ASTM International Headquarters and may
measurement equipment. This allows reasonable opportunibg obtained by requesting Research Report RR: D02-1218.

10



A% D 6891 — 03
“afl

6.3.15 Volumetric Graduates-Use volume to measure the
test oil quantity. Do not use weight, converted to a calculated
volume. Recommend using a 1000 mL graduate and 500 mL
graduate for volumetric determinations. All volumetric gradu-
ates shall be accurate to 2 % of full scale. The large graduate
resolution shall be 100 mL, and the small graduate resolution
shall be 25 mL.

6.4 Test Engine Hardware-This section specifies the hard-
ware required to build the test engine. Use a new engine short
block assembly for 16 tests, and a new a kit cylinder head
assembly for the first test and the ninth test on that short-block.
Conduct the engine break-in procedure prior to the first test and
the ninth test on that short-block. The new engine is a
o . long-block, as received. Use the camshaft and rocker arms in

FIG. 8 Dipstick Tube the new engine for break-in purposes only. Remove and
modify the new cylinder head for the cylinder head oil gallery
temperature and pressure measurement port, and for valve

complete flow rate measurement system shall follow thePring forcg calibration. Clean and reassemble the head usi!"ng
ASTM research report RR D02—12%8. the break-in cam_shaft and rocker arms. Use the break—_ln
6.3.13.1Engine Coolant Flow Rate-Determine the engine procedure shown in 11.1.3. After break-in, replace the break-in
coolant flow rate by measuring the differential pressure drog@mshaft and rocker arms with the new camshaft and rocker
across a venturi flowmeter. A Barco #70523 is suitable@Ms parts.
Calibrate a differential pressure transducer to provide an output 6.4.1 Nissan Supplied Component Kit©btain the test
(L/min). Take precautions to prevent air pockets from formingparts and engines for this test method from Nissan North
in the lines to the pressure sensor. Transparent lines or bleésmerica®!* (see Annex A2).
lines, or both, are beneficial in this application. 6.4.1.1 Test Engine Long-BloekOrder the test engine
6.3.13.2 Fuel Consumption RateDetermine the fuel con- |ong-block assembly (also called bare engine assembly) as
sumption rate using a mass flow meter installed in the makeughown in Annex A2. The test engine includes the block,
fuel line. The flow meter output shall allow real-time measure-pistons, rods, crankshaft, oil pan, front cover, cylinder head,
ment of fuel rate (kg/h) and total fuel consumed (kg). Aand rocker arm cover final assembly. Use the camshaft and
MicroMotion Model D-6 is satisfactory. rocker arms during engine break-in only; but they are not
6.3.13.3Blowby Flow Rate Measurement Systefise the  official test parts. Use the short-block shown in Annex A2 for

apparatus shown in Annex A3 for measurement of the blowby) 6 tests. Use the original cylinder head for tests 1 through 8 of
flow rate. The measurement system routes the blowby througlhe 16 conducted on the short-block.

an external, sharp-edge orifice and into the engine intake 6.4.1.2 Stand Set-Up Kit-There are four component kit

g;gzggfseby ;Naey ?{egfjrgu;{“g% tF;C(\)/ O\IZ?VEI'D;\AZ‘{T;?” Sthgt arts that comprise the stand setup kit (see Annex A2). These
gage p ’ : 9 Systellyr component kits include crankshaft pulleys, flywheel,

operation to minimize crankcase leakage. Determine the : ) A
. . . intake and exhaust manifolds, air cleaner, fuel injection system,
blowby flow rate by measuring the differential pressure dro

across the sharp-edge orifice. Use an inclined manometerpEGR block-off plate, ignition distributor, wiring, starter motor,

[ ) i
differential pressure sensor for the orifice differential pressur$uel pump, exhaus_t pipe, and oil _cooler. Use one of eac_h of the
measurement. The crankcase pressure sensor shalbh@wo our component.klt parts to conflgure one test installation.
1 kPa range and be adequately damped to indicate a zero gagé-4-1.3 Test Kit—For every official test conducted, use one
pressure. The sharp-edge orifice is specifically designed fdest kit. This kit includes a camshaft, two rocker shafts, twelve
blowby flow rate measurement and shall be fabricated in striciocker arms, three oil filters, and four spark plugs. The test kit
compliance with the specifications available from the TMC.Camshaft and rocker arms are considered critical test parts. Do
The assembly contains five orifices. Use a 3.175 mm orifice fofOt substitute critical test parts with any other dealer, or
the range (5 to 12 L/min) of blowby flow rate. The flow rate aftermarket supplied hardware.
measurement orifice fabrication location and the blowby flow 6.4.1.4 Cylinder Head Replacement K#Every engine
rate measurement may be obtained from the TMC. short-block is used for 16 tests. Use the original cylinder head
6.3.14 Process Cooling WaterProvide the engine jacket for tests 1 through 8 on that short-block. After the eighth test,
coolant heat exchanger, the oil cooler, and the eddy-currernnstall a new replacement cylinder head for tests 9 through 16
dynamometer with process cooling water to maintain propepn that short-block. To assemble and install the bare cylinder
operating temperatures. head, use 1 gasket and seal kit. Install new calibrated valve
6.3.14.1 Dynamometer Cooling SystesrWater cool the springs, intake and exhaust valves with the replacement head
eddy current electric dynamometer. Provide provisions fofsee Annex A2). When the replacement head is installed onto
automatic test shutdown in the event the dynamometer coolinthe engine, use the original supplied camshaft and rocker arms
water is shut off. for conducting another break-in prior to test number 9.

11



TABLE 5 Test Tools

Item

¥s-in. Drive Impact Gun

¥s-in. Drive Speed Handle

Ys-in. Drive Rachet

Ye-in. Drive 4-in. Extension

Ys-in. Drive Rachet

Medium Flat Head Screwdriver
Large Flat Head Screwdriver

Ys-in. Wrench, Combination

Ys-in. Spark Plug Socket, ¥s in. Drive
27-mm Deep Socket, ¥s-in. Drive
24-mm Impact Deep Socket, ¥s-in. Drive
12-mm Deep Socket, ¥s-in. Drive
10-mm Deep Socket, ¥s-in. Drive
Digital Bore Gage with Metric Head
Dial Indicator Set with Magnetic Base
Mounting Plate for Dial Indicator

1-2 in. Digital Micrometer

Spark Plug Gapping Tool

Suction Device (Syringe and Tubing)
Wooden Wedge Tool (see Annex A4)
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display and graphical output capability. The vertical scale
graphical resolution shall be capable of 1 um per graph
division. The profilometer shall be capable of traversing at
least 100 mm, with a straightness accuracy equal to or less than
1 mm per 100 mm of traversed length. Use the profilometer
pickup without a skid. Use a conical or spherical diamond tip
stylus, with a nominal radius of 5 um. The nominal traversing
speed is 0.50 to 0.75 mm/s. A computer interface is recom-
mended. The Precision Devices, Inc. MicroAnalyzer 2000
systemt*?? see Fig. 9, a computer-driven profilometer, may be
used. Equip the profilometer with custom V-blocks (see Annex
A2) for holding the work-piece (the camshaft on its journals),
and an optical angle encoder for determining the cam shaft
angular position (see Annex A2). View the data from the trace
in the profile mode, allowing an analysis of the texture and
waviness of the trace. Configure the instrument software for a
two-point line texture leveling at the unworn edges of the cam

Utility Rocker Shafts lobe. Use this reference line for wear measurements. Display
Pin Vise and 1.17-mm Diameter Drill Bit the profile waviness, using the Gaussian smoothing filter, set at
0.25 mm cutoff length, and do not remove the filter width at the
ends of the texture. Base the lobe wear measurement upon the
6.4.2 Procurement of Critical Parts-The test camshaft and vertical dimension between the horizontally positioned, twp-
rocker arms are critical engine parts for this test methodpoint leveling line (reference line) and the lowest point in the
Obtain these parts by annual orders placed through Nissapaviness profile.
North America. Do not use dealer, service, or aftermarket 5.2 Unassembled Valve Spring Calibration Devieblse
camshafts and rocker arms for this test method. a device to screen inner and outer valve springs before
6.4.3 Required New Engine ParisThis test method is a assembly in the cylinder head. Measure the individual spring
flush-and-run type test. For each test, the camshaft and rockfading at various compressed heights according to the Nissan

arms are replaced. Use all the parts in test kit numbegervice Manual 23 The tester shall be accurate to 2 % and a
13000-40F85 as shown in Annex A2. resolution of 5 N.
6.4.3.1 Replace the spark plugs for each test, just prior to the
oil flush (see 9.8.2). Gap the spark plug at 0.99 mm (0.03 in.)7. Reagents and Materials
6.4.4 Reusable Engine ParsReplace the engine short- .
: : N —Use 13 L of th -ref [ [ f h
block and oil cooler every 16 tests, and the cylinder head every, ore 5—Use 13 L of the non-reference test ol sample to perform the

iahth If th ine d q y : 7100-h Valve-train Wear test.
eighth test. If the engine demonstrates deterioration (excesswe7_1 Coolant for Engine and Rocker Arm CoveDe-

blowby or oil consumption or fuel dilution, poor compressmn,mneranze (less than 0.29 g/kg) the coolant or use distilled

low oil pressure, clearances beyond service limits, or strippe . . . .
. . . . water mixed with an extended-life ethylene glycol antifreeze/
fasteners) prior to this expected life, replace the test engine and

follow the break-in procedure for a new test engine prior tocoglgnlil?etIiaggA)H\;cl)tlgrrpnea:\itiE.A24E Green test fuel for this
resuming non-reference oil testing. Conduct only 16 tests on '

short-block or the oil cooler. No more than eight tests are9eSt method as shown in Annex A4. Itis dyed green to preclude

allowed on a cylinder head unintentional contamination with other test fuels. l_Jse approxi-
6441 Reol th PCV | fuel filt K mately 200 L of fuel for each test (100 cycles). This fuel has a
L place the valve, fuet TiIiers, rocker COVerhydrogen—to—carbon ratio of 1.80 to 1.
gaskets, and air filter element after eight tests (when a new 7.2.1 Fuel Approval RequirementsThe TMC approves the
engine or a new cylinder head is installed). Replace the ignitio?uel' Base the fuel batch acceptance upon the physical and

distributor when a new engine is installed. : e . . ; e
: . chemical specifications given in Annex A4. Engine validation
6.4.4.2 Reuse the jacketed rocker arm cover, oil pan, oi
ests are not necessary for fuel batch acceptance.

cooler, flywheel, intake and exhaust manifolds, throttle body, 72 1.1 Authorization—The TMC issues a memorandum

modified dummy water pump, spark plug wires, fuel injection , 710 "the use of a new Haltermann KA24E Green test
system components, and engine sensors, as long as thﬁ.}/el batch
continue to function properly. 7.2.2 Fuel Analysis—Monitor the test fuel using good

6.5 Special Measurement and Assembly EquipmTitis IaPoratory practices. Analyze each fuel shipment to determine

sectlpn descnbe; the special apparatus, tools, and CAUIPMERE value of each parameter for existent gum as described in
required for engine measurement and assembly. Routine labo-

ratory and workshop items are not included. Specific engine
tools are shown in Table 5. -
6.5.1 Camshaft Lobe Measurement Equipmefitace the 22 The sole source of supply of the apparatus known to the committee at this time
" i . is Precision Devices, Inc., 606 County Street, P.O. Box 220, Milan, MI 48160-0220.
camshaft lobes with a surface texture profilometer system. Us€ 21994 Nissan Service Manual, SMAE-0D21U0, Model D21 Series, printed

a surface measurement profilometer with real time digitalaugust 19, 1993, available from the local Nissan dealership’s service department.
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FIG. 9 Cam Lobe Measurement Apparatus

Test Method D 381, RVP as described in Test Method D 323ence oil, REO 926-2, from the TMC for the break-in procedure.
and API Gravity as described in Test Method D 287. ComparaJse approximately 3.5 L of this reference oil for each break-in
the results to the original values supplied by the fuel supplierprocedure.

The analytical results shall be within the tolerances shown in 7 3 5 | ypricant for Hydraulic Lash AdjustersThe rocker

garenthese_sf bﬁSidf el""%h pr;t]ra'meter. This pro;ides ﬁ method,iong hydraulic lash adjusters may ingest air during shipping
etermine It the fuel batch Is contaminated or has ageq, handling. Prior to installing the rocker arms in the test

prematurely. If any analytical result falls outS|d_e the toleranceséngine’ prime the lash adjusters with an SAE 20 API SA grade
the laboratory shall contact the fuel supplier for problem

X oil, as shown in SAE J183. Place the rocker arms on their side,
resolution.

7.2.2.1 Fuel Deterioration—Analyze the fuel semiannually f‘?f a minimum of 1 h, Ina container filled W'th the SA grade
to ensure the fuel has not deteriorated excessively or bee(HI to allow trapped ar _to bleed ou_t. If using a vacuum
contaminated in storage. chambgr, red_uce the minimum soak t_|menfrd h FO 5min.

7.2.2.2 Analyze the fuels using Test Methods D 287, D 323/mmediately install the rocker arms in the engine after the
D 381, and D 525. rocker arms are removed from the oil-filled container. Do not

7.2.3 Fuel Shipment and StorageShip the fuel in contain-  allow the rocker arms to lie on their side after air has been bled.

ers with the minimum allowable venting as dictated by all 7.3.3 Short-block Assembly Lubricart~or engine short-
safety and environmental regulations, especially when shipblock inspection and reassemble, use SAE 20 API SA grade oil
ment times are anticipated to be longer than one week. Stokgs the assembly lubricant.

the fuel in accordance with all applicable safety and environ- 7 4 miscellaneous Materials

mental regulations. If the run tank has more than one batch of

fuel, document the most recent batch in the test report. Do not 741 Solve_nts gnd CleansersUse only the solvents anq
cleansers: aliphatic naphtha, ethyl acetate, pentane, cylinder

top-off the run tank with the new fuel batch unless the tank isblock and RAC cleaning detergent—tri-sodium phosphate

less than 10 % full. - -
7.3 Lubricating Oils detergent, and any commercial coolant cleanser for this test

7.3.1 Break-in Lubricating Oil—An engine break-in proce- Method (see 6.1.3).
dure (see 11.1.3) is immediately conducted following the 7.4.2 Sealing CompoundsUse a silicone based gasketing
replacement of new, major engine components (that is, engineompound during engine assembly (for example, oil pan). Use
short-block, or cylinder head, or both). Use the proper referonly the silicone gasket shown in Annex A2.
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TABLE 6 Bolt Torques in a specific manner or at a specific time in the assembly

Bolt Types Torques process as shown in Table 6. Complete any assembly instruc-
Cylinder head bolts 82° beyond 29 N-m tions not detailed below according to the instructions in the
Camshaft Sprocket bolt 137 N-m Nissan Service Manual. Follow the bolt torque specifications
Intake Manifold bolts 19 N‘m shown in Table 6.
Camshaft cap bolts 39 N'm i ) )
Exhaust Manifold bolts 22 N:m 9.3 Cylinder Head Preparations-Modify, clean, assemble,
Rocker Cover bolts 9N'm and calibrate new test engine cylinder heads before using the

cylinder head for testing purposes. A cylinder head may be
used for eight tests. The measurements shown in 9.3.3 are
8. Oil Blend Sampling Requirements recorded on the appropriate report form.

8.1 Sample Selection and InspectieiThe non-reference  9.3.1 Cylinder Head Modificatior-Assess the cylinder
oil sample shall be uncontaminated and representative of tHeead oil gallery from the intake side of the head through the
lubricant formulation being evaluated. vertical passage, centered front-to-rear. This access port is
drilled in a bossed area of the head, and located 10 mm upward
from the deck surface of the head. The access port is drilled and
apped to accept #-in. close pipe nipple.

9.3.2 Cylinder Head Cleaning-Complete the modification
shown in 9.3.1, then thoroughly clean the cylinder head using
aliphatic naphtha spray. Clean the valve guide bores and oil
passages using a nylon bristle brush in conjunction with the
aliphatic naphtha spray (see 6.1.3). Then rinse the head with a
clear water spray, and dry with forced air.

9.3.3 Camshaft Journal ClearaneeUse only the vertical
9. Preparation of Apparatus measurements to determine the overall cam journal to bearing

) ) ) ) ) clearance (front and rear). This clearance may not exceed 0.120

NoTe 7—_Th|s section d_etalls those recurring preparations necessary fq(ram' Replace the cylinder head and/or camshatt, if the clear-
test operation. This section assumes the engine test stand facilities an
other hardware described in Section 6 are in place. ance exceeds 0.120 mm. .

9.3.3.1 Camshaft Bearing Bore Measuremenrtstall

9.1 Test Stand Preparations beari ith h haft with rocker shaf
9.1.1 Instrumentation Calibration-Calibrate all sensors Con oearing caps, without the camshaft, with rocker shafts and
. tighten the lubricated cap bolts to 39 N-m.

and indicators before or during the test for the type instrumen- 1) When th linder head i ‘ h
tation used. See Section 10 for the calibration requirements. . (1) en the cylinder head IS néw, periorm a comprenen-
sive set of measurements of the five cam bearing bores to

9.1.2 Oil Cooler Cleaning—Use clean aliphatic naphtha ; A
followed by forced-air dryinggt_o clean the oil cgoler, if reguired ensure the bores are sized to specification, and that the bores
(see 6.1.3). are round_and not t_aper_ed. Mea;ure the front and rear of each
9.1.3 Air Cleaner Filte—Replace the air cleaner filter cam bore in three d'r?Ct'OnS: ve_rtlca_ll and two measurements at
element every eight tests, or more frequently if intake air45° from vertical. This rgsults N Six measurg_ments for each
pressure is insufficient. cam bore. The standard inner diameter specification is 33.000

9.1.4 Draining Exhaust Piping-Prior to the start of each to 33.025 mm. Run-out and taper shall not exceed 0.025 mm.

test, drain the low point of the exhaust piping to eliminate  (2) After the first test on a cylinder head, use only the
water accumulation. Drain water during a test if exhaustvert'cal_ dimension of the front and rear of each cam bore to
pressure control becomes unstable. determine the cam journal to bearing bore clearance before

9.1.5 External Hose Replacemeninspect all external Subsequent tests.
hoses used on the test stand and replace any hoses that hav8-3.3.2 Camshaft Journal Measurementdleasure the
become unserviceable. Check for internal wall separations th&iont and rear outer diameters of each of the five camshaft
could cause flow restrictions. Inspect and replace the oil cooldPurnals. The standard outer diameter is 32.935 to 32.955 mm.
coolant hoses when the oil cooler is replaced (every 16 tests?j.Se these measurements to calculate cam journal to bearing

9.1.6 Stand Ancillary EquipmentService the dynamom- Dore clearance.
eter and driveline components, as required. The dynamometer 9.3.3.3 Camshaft End Play-With the camshaft installed in
torque measurement shall be accurate (no unaccounted forcdés cylinder head, measure the camshaft endplay with a dial
from hoses, load cell temperature gradients, or trunnion beatfdicator. If the endplay exceeds 0.07 to 0.20 mm, do not use
ing hysteresis). that cylinder head/camshaft combination.

9.2 General Engine Assembly Preparatiensollow and 9.3.4 Cylinder Head AssembhtAssemble the cylinder
complete the assembly preparation functions shown in Table éiead using the instructions in the Nissan Service Manual. Lap
Different laboratories and engine assemblers may complete tlibe valve faces to their respective valve seats to ensure a proper
functions in slightly different sequences. Perform the functionsseal. Using a new cylinder head precludes replacing or ma-

chining the valves, valve guides, and valve seats. Use SAE 20
API SA lubricant to lubricate the valve stems and valve guides
24 American Chemistry Council, 1300 Wilson Boulevard, Arlington, VA 22209. upon assembly.

Note 6—If the test is registered using the American Chemistry Coun-
cil?# protocols, the assigned oil container formulation number shall matc
the registration form.

8.2 Non-reference Oil Sample QuantiytJse a minimum of
13 L of new oil to complete the Sequence IVA test, including
the oil flushes. Normally the supplier provides a 15 L new oll
sample to allow for inadvertent losses.

8.3 Reference Oil Sample QuantityThe TMC provides a
15 L reference oil sample for each stand calibration test.
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TABLE 7 Valve Spring Specifications (10) Actuate and discharge the air cylinder in a rapid and

Parameters Intake Exhaust consistent manner, several times, to compress the valve spring

Free Height and assure proper movement of the valve-train components.
outer 57.44 mm 53.21 mm (11) Actuate the air cylinder and adjust the air regulator to
inner 53.34 mm 47.95 mm :

Pressure decrease the air pressure to allow the valve to close to the fully
outer 604.1 N at 37.6 mm 640.4 N at 34.1 mm seated position.

O"t‘”?fs 284.4 N at 32.6 mm 328.5 N at29.1 mm (12) Adjust the air regulator to gradually apply force to
outer 25 mm 2.3 mm achieve exactly 1.27 mm valve opening. Record the indicated
inner 2.3 mm 2.1 mm load (N) at 1.27 mm.

(13) Continue to adjust the air regulator to gradually apply

N ] ] force to achieve exactly 9.86 mm valve opening. Record the
9.3.5 Initial Valve Spring ScreenirgMeasure and record jygicated load (N) at 9.86 mm.

the valve spring free length and out-of-square dimensions. (14) pischarge the air cylinder without adjusting the air
Table 7 illustrates the spring’s specifications. If the springs argeqyator, and allow the intake valve to close to the fully seated
within the specifications for free length and out-of-square,qsition. Position the air cylinder/load cell to check the

dimensions, measure the load on the unassembled valve Sprifgmaining seven-intake valve springs. Conduct Steps 513 for
calibration device. The valve spring parameters shall be withig5.h remaining intake valve spring.

the specifications shown in Table 7. Determine the final valve (15) Position the test cylinder head in the holding fixture
spring load with the valve springs installed in the cylinder it the exhaust valves accessible.

head, then springs slightly autside the load specification may (16) Install the rocker cover gasket rail extension bracket
be within the load specification when installed in the cyIinderOn the cylinder head, and position the air cylinder and load cell

head and using shims. : -
9.3.6 Installed Valve Spring Calibration-Lubricate each ]Eng:ae;I]( égﬁ;ﬁg{f;::uss;r;%ve springs. Conduct Steps 5-13

e e e i a7 Reace any srings hat re 100 stong. Use shims 0
) ) . P adjust springs to a higher installed force. Recheck spring
installation cap in place. Carefully seat the seals fully on the

g ; ; calibration and record indicated load of any replaced or
guides. Install pre-screened valve springs and retainers. Wh%'ﬂimmed springs

installing the valve springs and retainers, do not compress the 9.4 Short Block Preparations-Not normally required.

i ively. Excessive spri i - .
springs excessively. Excessive spring compression may dam 9.5 Short Block AssemblyUse SAE 20 API SA grade oil

age the valve seals. i . |
9.3.6.1 Assembled Force CalibratisrMeasure and record S the assembly lubricant for inspection and reassemble the

the assembled valve spring loading with the valve :springheaanglne _short—blo_ck. .

calibration fixture shown in Fig. 10 and the part number in 9.6 Final Engm.e Assembly—Use the engine sh_ort—block

Annex A2. assembly as received from Nissan. Alternatively, disassemble,
9.3.6.2 The procedure detailed below includes measurin. spect, and reassemble the engine short-block according to the

each installed valve spring at two deflection points (see Tabl issan Service Manual. _F_or t_his test, mai_ntain the pist(_)n ring
8). end gaps to factory specifications. Do not increase the ring end

(1) Check the apparatus load cell calibration for accuracyd2Ps 0 elevate engine blowby. Observe the corrected blowby
(2) Install the cylinder head holding fixtures (see Annex 'ate at6.0t0 10.0 L/min during the Stage | operating condition.
A3) for the test cylinder head. 9.6.1 Cylinder Head Installatior-The parts kit (see Annex

(3) Position the test cylinder head in the holding fixture A2) include the assembled new cylinder head. The valve seats
with intake valve springs accessible. and valve faces are machined to Nissan production specifica-
(4) Install the rocker cover gasket rail extension bracket orfionS- Laboratory inspection may reveal the need to lap the
the test cylinder head. valve seat and valve faces. Perform the following before
(5) Starting with the intake valve spring No. 1 (far right), a@ssembling the cylinder head: o
position the air cylinder and load cell on valve tip to allow 9-6.1.1 Stamp with a laboratory specific identification code.

compressing of the valve spring. 9.6.1.2 Modify for measurement access to the cylinder head
(6) Position the dial indicator with the plunger on the ©il gallery (see 6.3.11.7).
rocker cover gasket rail extension bracket. 9.6.1.3 Measure for cam bearing bore diameter, specifica-

(7) With no air pressure to the cylinder, the dial indicator tion 33.000 to 33.025 mm. o
shall read between 2.5 and 5.00 mm deflection pre-load against9.6.1.4 Clean with aliphatic naphtha and forced-air dried
the rocker cover gasket rail extension bracket. This will allow(see 6.1.3).

determination of positive or negative valve displacement. 9.6.1.5 Reassemble according to the Nissan Service
(8) Adjust the dial indicator face to position the needle atManual. Use SAE 20 APl SA grade oil to lubricate valve
the zero mark with no air pressure to the air cylinder. guides and valve stems. Install new valve seals.

(9) Adjust the air regulator to provide enough air pressure 9.6.1.6 Measure and adjust installed valve spring force to
to the air cylinder for compression of the valve spring to occurtest specifications (see 9.3.5). Install the modified and mea-
If a valve spring has already been measured, then the asured cylinder head on the short-block using a new cylinder
regulator should already be adjusted. head gasket (see Annex A2). Torque the head bolts in proper
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FIG. 10 Head Calibration

TABLE 8 Spring Specifications 9.6.3.1 Install the test camshaft, camshaft journal caps and
Intake Valve Spring Exhaust Valve Spring dummy rocker shafts, and torque to 39 N-m. Install the
Force Deflection Force Deflection camshaft sprocket and snug the sprocket bolt (do not torque to
889 + 35 N 9.86 mm 969 + 35 N 9.86 mm specification).
438 + 35 N 1.27 mm 447 £ 35N 12.7.mm 9.6.3.2 Measure and record the camshaft endplay and the

camshaft sprocket run-out (see Annex A4).
9.6.3.3 Temporarily remove the test camshaft, camshaft

o . . _sprocket, camshatft journal caps, and utility rocker shafts.
sequence, and in five stages according to the Nissan Serwce9 6.3.4 Prefill the cavities of the cylinder head under the
Manual. Use an angle-meter torque wrench to properly torqugarﬁs'héﬁ with new test oil

the cylinder head bolts. _ 9.6.3.5 Oil the camshaft journals and journal bores with
9.6.2 Pre-Test C"’_‘m Shaft Inspection and Measurement  gag 20 AP| SA or new test oil and install the test camshaft.
9.6.2.1 Visually inspect the pre-test camshaft lobes and 9636 Install the camshaft journal caps in their proper
bearing journals for rust, scratches, gouges, chipped areas, apfsitions.
other surface defects. Reject camshafts that are judged unsuitg g 3 7 |nstall the rocker shaft assemblies and loosely screw
able for test. the bolts. Do not tighten the bolts.
9.6.2.2 Check the pre-test camshaft for straightness. With g9 3.8 Install the camshaft sprocket and timing chain,
the camshaft supported by V-blocks at journal No(s). 1 and 5gjigning the punch-mark with the glaring link. Torque the
measure the camshaft run-out at the center journal. Reject th@mshaft bolt to 135 N-m using the appropriate cam sprocket
camshaft if the total indicator reading of the run-out exceeds 2@olding tool.
Hm. 9.6.3.9 Center each individual rocker arm on its respective
9.6.2.3 Using a micrometer or profilometer traces, perforntam lobe, and then snug the ten rocker shaft bolts and torque
pre-test measurements across the nose of each camshaft lotfee39 N-m using the torque sequence in the Nissan Service
Reject any camshaft that exhibits taper, concavity, or convexitylanual.
of more than the 10 pm variation. 9.6.3.10 After installing the camshaft pour new test oil over
9.6.3 Camshaft Installatioa-After modifying, cleaning, as- the rocker arms, rocker shafts, and camshaft. Excess oil will
sembling and calibrating the cylinder head, install the meadrain through the open oil pan drain-valve.
sured test camshaft. Clean the camshalft with aliphatic naphtha9.7 Replacement of Valve-train Wear Paxtdhe valve-
and forced-air dry (see 6.1.3). Coat the journals with SAE 20rain wear tests is a flush-and-run type procedure, except
API SA grade oil or new test oil. Coat the lobes with new testreplace the valve-train test parts for each test. Use the follow-
oil only. Do not use REO 926-2 or SAE 20 API SA to lubricate ing procedure when replacing these parts:
the lobes. 9.7.1 Removal of Valve-train Wear Parts
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9.7.1.1 Disconnect wiring or hoses that hinder access to the 9.7.2.3 Clean the new camshaft, rocker shafts and rocker

rocker cover. arms, as well as the used retainer clips, camshaft journal caps,
9.7.1.2 Remove the crankshaft pulley guard. camshaft sprocket, rocker cover and all bolts with aliphatic
9.7.1.3 Remove the blowby fresh aitline and the spark plug'aphtha solvent and forced-air dry (see 6.1.3).

wire loom from the rocker cover. 9.7.2.4 Perform and record camshaft bearing journal diam-

eter measurements.
Note 8—At Southwest Research Institute (SwRI), client test oil is g 7 5 5 perform a bleed down of the rocker arms with built
poured over valve-train parts at test start before Flush 1, NOT during partﬁ1 hydraulic lash adjusters. Place the rocker arms in a container

installation. . .

metatation or vacuum chamber, fully submerging them in SAE 20 API SA
9.7.1.4 Remove the rocker cover. grade oil. Using a vacuum chamber reduces the minimum soak
9.7.1.5 Remove all four spark plugs. time from 1 h to 5min. Once the rocker arms are air bled, do

9.7.1.6 Rotate the engine by hand to set piston No. 1 at topot place them on their sides. Orient the rocker arms in their
dead center on its compression stroke (align the timinghatural engine position.
indicator with 0° at the yellow mark on the crankshaft pulley). 9.7.2.6 Assemble the new rocker arms and used retainer
Position the dowel pin on camshatft front at the 12:00 positiorclips on the new rocker shafts according to the Nissan Service
and align the punch-mark on the camshaft sprocket with thélanual.
glaring link on the timing chain. This may require rotating the 9.7.2.7 Install and torque to 39 N-m the five camshaft
engine several times until the mark and glaring link line up. journal caps and bare rocker shafts using the designated utility
9.7.1.7 Remove the front hoist bracket from the cylinderrocker shafts.

head. It may hang from the ground straps. 9.7.2.8 Perform and record camshaft bearing bore diameter
9.7.1.8 Remove the half-moon rubber plug from the front ofmeasurements.
the cylinder head. 9.7.2.9 Remove the camshaft journal caps and utility rocker

9.7.1.9 Install the timing chain wooden wedge tool betweershafts. .
timing chain at the tensioner using a large screwdriver to setin 9.7.2.10 Install the test camshaft, camshatft journal caps and

place. dummy rocker shafts, and torque to 39 N-m. Install the
9.7.1.10 Remove the camshaft bolt and sprocket using a 22@mshaft sprocket and snug the sprocket bolt, and do not
mm impact deep socket. torque to SpeCIflcatlon.

9.7.1.11 Remove the ten rocker shaft bolts according to the 9:7-2-11 Measure and record the camshaft endplay and the
Nissan Service Manual. camshaft sprocket run-out according to the Nissan Service

9.7.1.12 Carefully remove the rocker shafts and rockeN%n;azl'lz R h hat hat K
arms. Avoid touching the rocker arm pads. The rocker arms, = Iemovet de(tjest cams ita C?]mf?; aft sprocket, cam-
shall remain assembled on the rocker shafts. shait journal caps, and dummy rocker shaits.

9.7.1.13 Remove the five camshaft journal caps. Number 9.7.2.13 Pre-fill the cavities of the cylinder head under the
the caps for their location. camshatt with new test oll.

9.7.1.14 Carefully remove the test camshaft without dam- 9.7.2.14 Oil the camshaft and journal bores with new test oil

: . . and install the test camshaft.
aging the lobes. Avoid touching the camshaft lobes. . . .
. : . .. 9.7.2.15 Install the camshaft journal caps in their proper
9.7.1.15 Using a suction device, remove the used test o ositions
that is trapped in the cavities of the cylinder head under th .

S . . 9.7.2.16 Install the rocker shaft assemblies and loosely
gingzrdaftthing”not add this oil to the drained test oil. Properlyscrew the bolts. Do not yet tighten the bolts.

9.7.1.16 Bring the end-of-test parts, including the as- 9.7.2.17 Install the camshaft sprocket and timing chain,

. . . ligning the punch-mark with the glaring link. Torque the
sembled rocker shaft assemblies to the engine disassemb )é?nshgft boltpto 135 N-m using thegapprgpriate carr?sprocket

area. Before disassembling the used rocker shaft assemb”?ﬁ)lding tool
properly Iabe_l the roclgler ar\]rms. ker shaf bli 9.7.2.18 Center each individual rocker arm on its respective
9.7.1.17 Disassemble the rocker shait assemblies. cam lobe, then snug the ten rocker shaft bolts and torque to 39

9.7.1.18 Remove the reusable retainer clips from the useq.n, using the torque sequence as shown in the Nissan Service
rocker shafts. Manual.

9.7.1.19 Clean the end-of-test camshaft and rocker arms 9.7.2.19 After installation pour new test oil over the rocker

with aliphatic naphtha solvent and pentane if necessary, thegyms, rocker shafts and camshaft. Excess oil will drain through
forced-air dry (see 6.1.3). Deliver the cleaned camshatft to theye open oil pan drain-valve.
measurement room, and the cleaned rocker arms to the ratingg 7 2 20 Inspect the half-moon rubber plugs found on the
area or place them in a desiccator. front and rear of the cylinder head. Replace the plugs if
9.7.2 Installing New Valve-train Test Parts necessary.
9.7.2.1 Obtain the new test parts, including the pre- 9.7.2.21 Install the half-moon rubber plug on the front of the
measured test camshaft. See Annex A2 for a new parts listingylinder head. Apply the proper amount of the Nissan silicone
with their corresponding part numbers for each turnaround. gasket maker to the bottom of the plug. Repeat for the
9.7.2.2 Number the new rocker arms E1 to E4 and |11 to 18half-moon rubber plug found on the rear of the cylinder head.
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9.7.2.22 Inspect the rocker cover gasket, and replace #ation. The accuracy of the standard shall be a minimum of

necessary. four times better than the accuracy of the test stand instrumen-
9.7.2.23 Install the rocker cover and torque in sequence to ttion.

N-m as shown in the Nissan Service Manual. 10.2.2 Engine Load Measurement System (TorgquSgale
9.7.2.24 Reinsta” the blOWby fresh airline on to the rOCkerthe final readout of engine load in torque (Nm) Calibrate the
cover and tighten the clamp. load measurement and readout system with deadweights.
9.7.2.25 Install spark plug wire loom and reconnect anycoolant flow through the dynamometer, reaction forces due to
other wiring or hoses. _ coolant plumbing, and brinnelled trunnion bearings of the

9.7.2.26 Install the front hoist bracket and torque the nuts Qynamometer may affect calibration by temperature excursions
20 N-m. of the dynamometer electronic load transducer. The torque

9.7.2.27 Install new spark plugs (see Annex A2). Gap thgneasurement accuracy shall #:€0.2 N-m.

legg; ;02%'%25Tar|‘|1 tir;dfrtgnzct]l:)iltlgylgu':.r(rjn. 10.2_.3 Coolant Flow l\/_leasyrement SystemGheck the
e ' venturi flow meter for calibration using a 50 % water/glycol
fluid controlled at 50°C. Calibrate the flow meter as installed in
the system at the test stand. Alternatively, the flowmeters may
Note 9—Verify the calibration status of the test laboratory and testbe detached from the test stand and calibrated, providing the
engine with reference oils, which are supplied by the TMC. Conductadjacent upstream and downstream plumbing remain intact
reference oil teSFs for stand cglibration after every 15 nqn-reference Oﬂiuring the calibration process. Calibrate the flow meters with a
tests or every six months, whichever occurs first to verify that ProPerL \rbine flow meter or by a total volume per unit time method.

severity level and precision are being achieved. A prerequisite to th .
conduct of reference oil calibration tests is the proper processing O?I'he coolant flow measurement accuracy shalth@.3 L/min.

computer acquired operational data, ensuring accuracy of measurements,10.2.4 Fuel Consumption Measurement Calibratien
and test stand preventative maintenance. Check the mass flow meter or gravimetric systems for calibra-

10.1 Computer Data Acquisitior-The test stand log opera- tion when the test engine is replaced (normally after 16 tests),
tional data using a computer data acquisition system wit®r not to exceed 180 days since the previous recalibration. The
sensor configurations process is shown in 10.1.1-10.1.3.  fuel flow measurement accuracy shall 1€0.05 kg/h.

10.1.1 Frequency of Logged Steady-State Dalaog the 10.2.5 Air-to-Fuel Sensor Calibration-Recalibrate the
Stage | steady-state (last 45 min of stage) operational condAFR meter per the instrument manufacturer’'s recommended
tions every 2 min or more frequently. Log the Stage Il procedure when the universal (or wide-range) exhaust gas
steady-state (last 4 min of stage) operational conditions evergxygen sensor is replaced.

30 s or more frequently. _ _ 10.2.6 Temperature Measurement CalibratiefCalibrate
10.1.2 Frequency of Logged Transient DateDefine the  the temperature measurement instrumentation prior to every
transient time as the first 5 min following operational stageeference oil test sequence. The temperature measurement

changes. Computer log and plot the cycle 5 transient data. L dystem accuracy shall be within 0.5°C of the laboratory

the critical parameters (engine speed, torque, cylinder head Qibjipration standard. The calibration standard shall be traceable
gallery temperature, coolant out temperature) once per secoRg national standards.

orhigher frt_aq_uency._ i CYCIG 5> _transients are beyond _the 10.2.7 Pressure Measurement CalibratierCheck the pres-
procedural limits defined in 11.2.6, document and confirm

corrective action with the next available transition plot, sure measurement systems for calibration when the test engine

10.1.3 Signal Conditioning—Do not exceed the controlled Is replaced (normally after 16 tests), or not to exceed 180 days

) . since the previous recalibration. The exhaust pressure measure-
operational parameters for system time response as shown In

Table 2. The system time response includes the total system qunt accuracy ;hall be 1'0, kPa'_ o

sensor, transducer, analog signal attenuation, and computerl0-2-8 Humidity of Induction Air Calibration

digital filtering. Use single-pole type filters for attenuation. For 10.2.8.1 Calibrate the primary laboratory measurement sys-

temperature sensors, grounded thermocouples are preferrd@m at each test stand on a semiannual basis using a hygrometer

although ungrounded thermocouples are acceptable. with a minimum dew point accuracy of 0.55°C at 16°C.
10.1.3.1lsolated Inputs—If using grounded and sheathed Locate the sample tap on the air supply line to the engine,

thermocouples, use signal-conditioning modules to providdetween the main duct énl m upstream of the intake air

isolated inputs to the digital computer. cleaner. The calibration consists of a series of paired humidity

10.2 Instrumentation Calibratior-Perform a thorough Mmeasurements comparing the laboratory system with the cali-
recalibration adjustment of all instrumentation and transducerdration hygrometer. The comparison period lasts from 20 min
including computer channels, prior to conducting a referencéo 2 h with measurements taken at 1 to 6 min intervals, for a
oil test. Perform a calibration check for critical parameters aftefotal of 20 paired measurements. The measurement interval
the eighth test of a calibration period. These critical parameterghall be appropriate for the time constant of the humidity
are: measurement instruments.

10.2.1 Dynamometer Torque-Perform additional calibra- 10.2.8.2 Verify that the flow rate is within the equipment
tion checks whenever operational data indicates an abnormahanufacturer’s specification and that the sample lines are
ity. Standards used for instrumentation calibration shall benon-hygroscopic. Correct dew point hygrometer measurements
traceable to that country’s specific national standards organte standard conditions (101.12 kPa) using the appropriate

10. Test Stand Calibration and Maintenance
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equation. Compute the difference between each pair of read- 11.1.1.1 Circulate the cooling system cleanser for 30 min at
ings and calculate the mean and standard deviation of the target temperature of 50°C using the electric heating element
twenty-paired readings. The absolute value of the mean differfor the coolant system.

ence shall not exceed 1.43 g/kg, and the standard deviation11.1.1.2 Following the 30 min cleaning process, turn off the
shall be not be greater than 0.714 g/kg. If these conditions arglectric heater for the coolant system. Open the coolant system
not met, investigate the cause, make repairs, and recalibraigrain valves, add fresh water until the drains are clear, and the

Maintain calibration records for 2 years. pH of the incoming and outgoing fresh water is unchanged.
10.3 Apparatus Calibration and Maintenance Fully drain the system.
10.3.1Cam Lobe Profilometer CalibratierFollow the 11.1.1.3 Fill coolant system with a pre-mixed coolant con-

manufacturer's instruction for calibration and verification gjsiing of 50:50 volume % mixture of the specified extended-
checks of the profilometer. The profilometer shall be calibrategife ethylene-glycol anti-freeze and deionized, de-mineralized,

at least annually. o . . or distilled water. Operate the coolant pump to bleed air from
10.3.2 Head Fixture Calibratior—Calibrate the head fixture tne coolant system. Use this coolant charge for eight tests, or

at least once every three months. The testing laboratory shalhj| replacing the engine or cylinder head.

determine the calibration technique. 11.1.2 Engine Pre-lubricatior-The oil pump drive is di-

Ml'O.t3.3 Blowct:)ly Ftlrc])w bl R%te Measuremtent SytStemrectIy connected to the engine crankshaft, which makes it
aintenance-tiean he blowby measurement apparatus aFmpracticaI to pressure lubricate the engine prior to start-up.

least weekly. Exercise particular care when cleaning the Oriﬁc%uild oil pressure quickly by pre-filling the ol filter with 325

meter assembly. Clean the 3-way valve by soaking the valve iH1L of the appropriate lubricant. Bleed air from the rocker arm

solvent (see 6.1.3). "_‘Spe‘:t the p_ort passages and remove gy, adjusters before installing these components in the engine.
carbonaceous deposits by scraping. When disassembling t

. merse the rocker arms in a container of SAE 20 APl SA

valve for cleaning, properly seat the core upon reassembly. grade oil while laying on their side. After soaking, keep the
Note 10—Internal leakage within the 3-way valve may cause some otocker arms straight up until installing to prevent air from

the blowby gas to pass directly to the intake manifold from the test PCVentering the lash adjusters.

valve and result in erroneous blowby flow rate measurements. 11.1.3 Engine Break-in ProcedureConduct the break-in

10.4 Test Stand Maintenance procedure prior to lubricant evaluation testing when installing

10.4.1 Periodic Cleaning of Coolant System Plumbing a new engine short-block, new long-block, or new cylinder
Internally clean the engine coolant system plumbing every 1éead on the test stand. The break-in allows for setting the
tests by a chemical flushing method. Use any commercidgnition timing, purging air from the coolant system, checking
radiator cleaner/flush chemical that is safe for vehicle usefor leaks in the various systems, and monitoring engine
After using the cleaner, flush the test stand coolant plumbingperformance and test stand instrumentation. Follow the pre-
with fresh water, until clear. If using a flush cart, strongerscribed break-in conditions in Table Al.1. Use the engine
chemicals may be used provided the engine coolant pumps ag@ort-block assembly for 16 tests and the cylinder head
bypassed and the instrument transducers are not included in thssembly for eight tests. Perform new engine break-in once
flush (see 6.1.3). every eight tests. Use the following break-in steps:

10.4.2 Oil Cooler ReplacementReplace the oil cooler (see  11.1.3.1 Install the new test engine assembly with break-in
Annex A2) when replacing the short-block assembly. Nor-test parts (camshaft, rocker arms, rocker shafts that come with
mally, this allows 16 tests to be conducted using the same opre-assembled cylinder head) onto the test stand.
cooler. Replace all hoses to the oil cooler when installing anew 11.1.3.2 Open the oil drain valve in the oil pan and pre-fill

oil cooler. the cavities of the cylinder head under the camshaft with
break-in oil REO 926-2. Close the oil drain valve once
11. Procedure completed.

Note 11—When installing a new engine and cylinder head or both, 11.1.3.3 Install the rocker cover.
conduct a break-in procedure, see 11.1.3, before running official 100 h 11.1.3.4 Charge the coolant system with a 50:50 mixture of

tests. After Comp|eting the break-il"l, install the official test valve-train delonlzed Water and extended Ilfe Coolant The Coolant System
parts as shown in 9.7. Then conduct a double oil-flush procedure as Shov@ipaoity is 25 L

in 11.2.2. After performing the double oil-flush, conduct the 100 h test as

shown in 11.2.3. Use Annex Al for operational conditions. 11.1.3.5 Connect the stand to a fuel tank containing the test
11.1 Pre-test Procedure fuel.
11.1.1 Engine Coolant System Flushirghhen replacing 2%31.21.3.6 Measure by volume, 3.5 L of break-in oil REO
the engine short-block (normally every 16 tests), clean theg e

coolant system (including heat exchanger) before conducting 11-1.3.7 Install a new oil filter onto the engine. Perform the
the engine break-in. By using an external electric-drivenfollowing steps to help the oil pressure build quicker during
coolant-circulating pump, the installed engine does not have tiitial start-up. Do not install a dry oil filter on a test engine.
be running during the flush-cleaning process. Exclude sensitive (1) Obtain a new break-in oil filter and remove it from its
components of the coolant flow meter from the flushingpackaging.

chemicals. Check the calibration of the coolant flow meter after  (2) Measure out 325 mL of oil from the new break-in oil
flushing the coolant system. charge.
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(3) Holding the oil filter upright; pre-fill the filter with the (1) Obtain a new flush oil filter and remove it from its
325 mL of new break-in oil. packaging.
(4) Tilt the filter and slowly rotate it a full 360° several (2) Measure out 325 mL of oil from the new flush oil

times to let the oil absorb into the entire fiber filter element. charge.

(5) Install the filter onto the engine. By letting the oil (3) Holding the oil filter upright, pre-fill the filter with the
absorb into the entire filter element, no oil should spill out325 mL of new flush oil.

when tilting the filter to install it. _ (4) Tilt the filter and slowly rotate it a full 360° several
11.1.3.8 Fill the engine with the remainder of the 3.5 Limes to let the oil absorb into the entire fiber filter element.

break-in oil charge. (5) Install the filter onto the engine. By letting the oil

11.1.3.9 Circulate and preheat the engine coolant to 50°Gpqqrh into the entire filter element, no oil should spill out
and then warm soak the engine for 10 min before initial,hen tilting the filter to install it.

start-up. . . . .
. 11.2.2.3 Fill th th th der of the 3.5 L flush
11.1.3.10 Start the engine and crack the throttle open 5 tg; charge 1 ihe engine wi € remainder otthe us

10 % ise th i 1 i . :
0% to raise the engine speed, not to exceed 1500 r/min, 10 11.2.2.4 Circulate and preheat the engine coolant to 50°C

help the oil pressure build quicker. Once oil pressure has ; . LS
started to build control engine speed to 800 r/min, controf’md then warm soak the engine for 10 min before initial

torque to 10 N-m and ramp oil temperature to 50°C. start-up. _
11.1.3.11 Once the engine achieves 800 r/min, use a timin(1; 11.2.2.5 Start the engine and crack the throttle opened 5 to

light to set the ignition timing to 10° Before Top Dead Center 10 % 10 raise the engine speed, not to exceed 1500 r/min, to
(BTDC). help the oil pressure build quicker. During engine start-up,

target 1200 r/min. Once oil pressure has started to build and
within 30 s of engine start, control engine speed to 800 r/min,
ncontrol torque to 10 N-m and ramp oil temperature to 50°C.
the engine oil for 30 min and remove the used oil filter. 11.2.2.6 Once the oil temperature has reached 50°C run
Flush 1 according to the prescribed flush conditions Table

11.1.3.14 R h ki . . . . .
3 emovet e_roc er _cover Al.2. Flush 1 is a 20 min flush operating the engine at 800
11.1.3.15 Using a suction device, remove the used break-|r} .
r/min and 10 N-m of torque.

oil that is trapped in the cylinder head cavities under the o . o . .
camshatt. 11.2.2.7 Check ignition timing with timing light during

11.1.3.16 Examine the used engine ol for unusual amoun lush 1 to verify it is set at 10° BTDC. Correct if not set at 10

of metal particles. TDC. ) )
11.1.3.17 Remove the break-in test parts (camshaft, rocker 11-2-2.8 Shut down the engine at the end of the 20 min
arms, rocker shafts). flush. Proceed to drain the engine oil and remove the used oil
’ : . . filter. Drain used oil for 30 min. Maintain coolant flow at 30
se%nllljllf;‘.olr8aﬁ\3]:tt?1:ngolrjnnﬂ§32? break-in, check the engine asL/min and coolant temperature at 50°C during the oil drain
11.1.3.19 If acceptable, the engine is ready for test work. period. . _
11.2 Engine Operating ProcedureThe Valve-train Wear 11.2.2.9 After drz_ilnlng the Flush 1 oil, measure by volume,
test is a double-flush and run test. Conduct the oil flush and te§t5 L of new test oll.

operations as shown in 11.2.2-11.2.3, and in Annex Al. 11.2.2.10 Install a new oil filter onto the engine (see Annex
11.2.1 Preparation of Test A2). Perform the following steps to help the oil pressure build

11.2.1.1 Obtain the test oil and remove a 237-mL sample 0(ﬂuicker during initial start-up. Do not install a dry oil filter on
new test oil for chemical analyses ofetl® h test oil. Use a the test engine.

11.1.3.12 Start the break-in sequence and run through all
steps. Total running time is 95 min.
11.1.3.13 After completing the compression check, drai

237-mL plastic container. (1) Obtain a new flush oil filter and remove it from its
11.2.1.2 Install the test parts (camshaft, rocker arms, rockdtackaging.
shafts) according to procedure. (2) Measure out 325 mL of oil from the new flush oil

11.2.1.3 Open the oil drain valve in the oil pan and pre-fill charge. . o _ _ . _
the cavities of the cylinder head under the camshaft with new (3) Holding the oil filter upright, pre-fill the filter with the

test oil. Close the oil drain valve once completed. 325 mL of new flush oil.
11.2.1.4 Reinstall the rocker cover. Inspect and replace (4) Tilt the filter and slowly rotate it a full 360° several
rocker cover gasket if necessary. times to let the oil absorb into the entire fiber filter element.
11.2.1.5 Connect the stand to a fuel tank containing the test (5) Install the filter onto the engine. By letting the oil
fuel. absorb into the entire filter element no oil should spill out when
11.2.2 Double Oil Flush tilting the filter.
11.2.2.1 Measure by volume 3.5 L of new test oil. 11.2.2.11 Fill the engine with the remainder of the 3.5 L

11.2.2.2 Install a new oil filter onto the engine (see Annexflush oil charge. If the engine coolant pump was shut off during
A2). Perform the following steps to help the oil pressure buildthe oil drain period (for maintenance or diagnostic work)
quicker during initial start-up. Do not install a dry oil filter on circulate and preheat the engine coolant to 50°C and then warm
the test engine. soak the engine for 10 min before initial start-up.
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11.2.2.12 Start the engine and crack the throttle opened 5 to 11.2.3.9 Once the oil temperature has reached 50°C, initiate
10 %, to raise the engine speed, not to exceed 1500 r/min, thhe 100 h test. Follow the prescribed test conditions (Annex
help the oil pressure build quicker. Once oil pressure ha#\l).

started to build within 30 s of engine start, control engine speed 11.2.3.10 While running the engine, check for any coolant

to 1500 r/min, coontrol torque to 10 N-m and ramp oil or oil leaks. The engine will run for the entire 100 cycles (100

temperature to 60°C. h) without any scheduled shutdowns, but unscheduled shut-
11.2.2.13 Once the oil temperature has reached 60°C rulowns for repair may occur.

Flush 2 according to the prescribed flush conditions (Annex 11 2 3.11 Drain condensation traps once every 8 h.

Al)'. Flush 2 is a 20-min flush operating the engine at 1500 11.2.4 Unscheduled Engine Shutdown Procedefeollow

f/min and 10 I\rl]-m of tOfO]l;e. . h £ th .the procedure detailed in 11.2.4.1 and 11.2.4.2 when perform-
11.2.2.14 Shut QOwn the engine at the end 0 the 20 mlrihg an unscheduled engine shutdown. Document the shutdown

flush. If a problem is suspected with the test engine, perform g, asion  shutdown reason, and the action taken. Document

compression chepk on all four cyllnders bgfore d_ralnlng the[his information on the appropriate report form. The test time
engine oil; otherwise no compression check is required. Recort%quirement does not include any shutdown time

the data on the sheet provided. If the compression on any
cylinder is below 900 kPa or is lower than 20 % from the 11.2.4.1 Emergency ShUtd.OWHAn emergency shutdown
lésually precludes an organized shutdown. Prevent the test

median value for that engine, investigate the cause beforI bricant f heati d ‘ ve fuel diluti
proceeding with a test. ubricant from overheating and prevent excessive fuel dilution.

11.2.2.15 Drain the engine oil and remove the used oil filterfs;/; r:iiﬁgcr(‘?\zsy“/:ffggglcn: mcsrr?ggl?c?t; g\xg’glrl not start. Excessive
Drain the used oil for 30 min. )

11.2.3 Test 11.2.4.2 Restart After Unscheduled ShutdewRreheat the
11'2'3 10 both 20-min flush d the 30-min ol drai coolant to 50°C. Start the engine and crack the throttle open 5
h b : ncel ?d t;:n!n t#stes and h? p -min c:' Araify 10 9 to raise the engine speed, not to exceed 1500 r/min, to

ave been completed, obtain the tare weight of a container tlcfelp the oil pressure build quicker. During engine start-up,

measure the test oil charge. target to 1200 r/min. Once oil pressure has started to build and

11.2.3.2 Measure by volume, 3.00 L of new test oil. within 30 s of engine start, bring speed up to 1500 r/min and 25
11.2.3.3 Weigh and record the 3.00 L oil sample beforeN.m torque. Stabilize for 5 min. Then use 5 min ramp to
charging the engine. intended stage of test. This ensures each start-up will take 10

11.2.3.4 Obtain a new test oil filter (see Annex A2), weighmin before the test is resumed.
it dry, and record for use in calculating oil consumption in 1125 Cyclic Schedule, General DescriptierSee Annex
11.5.1. ' o Al for the steady-state operating test conditions (specification
11.2.3.5 Install the weighed, new oil filter onto the engine.targets). The actual test operational conditions are summarized
Perform the following steps to help the oil pressure buildon the appropriate report form.
quicker during initial start-up. Do not install a dry oil filter on 11 5 g Transient Ramping of Parameter€Engine speed
the test engine. _ _ ramping, temperatures, and torque fluctuations between stages
(1) Measure out 325 mL of oil from the new test oil charge. jnfluence wear severity. Therefore, the importance of ramping
(2) Holding the oil filter upright, pre-fill the filter with the rates. Record a plot of cycle 5 transitions on the appropriate

325 mL of new test oil. report form.
(3) Tilt the filter and slowly rotate it a full 360° several  11.2.6.1 Oil Temperature Transitions
times to let the oil absorb into the entire fiber filter element. (1) After Stage |, increase the cylinder head oil gallery

(4) Install the filter onto the engine. By letting the oil temperature from a nominal 49°C to the Stage Il oil gallery
absorb into the entire filter element, no oil should spill outtemperature target of 59°C. The transitory time is defined as the

when tilting the filter for installation. first 5 min of Stage II, following the end of Stage I. At 1 min
11.2.3.6 Fill the engine with the remainder of the 3.00 L testinto the ramp, the cylinder head oil gallery temperature shall
oil charge. range from 51 to 53°C. At 2 min into the ramp, the cylinder

11.2.3.7 If the coolant pump was shut down during the oilhead oil gallery temperature shall range from 54 to 56°C. At 3
drain period following the double flush procedure (for main-min into the ramp, the cylinder head oil gallery temperature
tenance or stand repair), circulate and preheat the engirshall be at or above 57°C. By the end of the 5 min ramp,
coolant to 50°C and then warm soak the engine for 10 mirstabilize the cylinder head oil gallery temperatures at59
before initial start-up. If coolant flow was maintained during 0.5°C.
the oil drain period, the coolant preheat and soak period may be (2) After Stage I, decrease the cylinder head oil gallery
omitted. temperature from a nominal 59°C to the Stage | cylinder head

11.2.3.8 Start the engine and crack the throttle open 5 toil gallery temperature target of 49°C. The transitory time is
10 %, not to exceed 1500 r/min, to raise the engine speed artkfined as the first 5 min of Stage I, following the end of Stage
to help the oil pressure build quicker. Once oil pressure had. At 1 min into the ramp, the cylinder head oil gallery
started to build, and within 30 s of engine start, control engingemperature shall range from 55 to 57°C. At 2 min into the
speed to 800 r/min and control torque to 25 N-m and ramp oitamp, the cylinder head oil gallery temperature shall range
temperature to 50°C. from 52 to 54°C. At 3 min into the ramp, the cylinder head oil
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gallery temperature shall be at or below 51°C. By the end of 11.3.1.3 Disconnect the hose at the air cleaner that is routed
the 5 min ramp, stabilize the cylinder head oil gallery temperafrom the rocker cover. Then connect it to the inlet plumbing of
ture at 49+ 0.5°C. the blowby apparatus orifice meter.

11.2.6.2 Coolant Temperature Transitions 11.3.1.4 Position the 3-way valve to divert intake manifold

(1) After Stage I, increase the coolant out temperature fronyacuum from the engine PVC to the exhaust plumbing of the
a nominal 50°C to the Stage Il coolant out temperature targe?/OWby apparatus meter.
of 55°C. The transitory time is defined as the first 5 min of 11.3.1.5 Connect the blowby apparatus pressure sensor to
Stage I, following the end of Stage I. At 1 min into the ramp, the dipstick tube.
the coolant out temperature shall range from 51 to 52°C. At 3 11.3.1.6 Adjust the flow valve (bleeder valve) to maintain
min into the ramp, the coolant out temperature shall be at ogrankcase pressure at 0 to 0.025 kPa.
above 54°C with minimal overshoot. By the end of the 5 min 11.3.1.7 Record the differential pressure across the blowby
ramp, stabilize the coolant out temperature att59.5°C. meter orifice, record the blowby gas temperature, and the

(2) After Stage I, decrease the coolant out temperaturdarometric pressure.
from a nominal 55°C to the Stage | coolant out temperature 11.3.1.8 After completing the measurement, return the en-
target of 50°C. The transitory time is defined as the first 5 mirgine to normal operating configuration. First, the dipstick tube
of Stage I, following the end of Stage II. At 1 min into the Pressure port; second, reconnect the hose from the rocker cover
ramp, the coolant out temperature shall range from 53 to 54°@0 the air cleaner; third, reposition the 3-way valve to ensure
At 3 min into the ramp, the coolant out temperature shall be aporting of the intake vacuum to the engine PCF; fourth,
or below 51°C with minimal undershoot. By the end of the 5disconnect blowby apparatus hose from the closed port of the
min ramp, stabilize the coolant out temperature at50.5°C.  3-way valve.
11.2.6.3Engine Speed Transitions 11.3.1.9 Calculate the_ _blowby Elow rate and correct the
(1) After Stage I, increase the engine speed with minimalvauJe to standard condm_o_ns (38°C, 100.3 kPa) using the
calibration data for that orifice.

overshoot from a nominal 800 r/min to the Stage Il engine 11.3.2 lanition Timing M M d d
speed target of 1500 r/min. Do not allow speed to exceed 1600 - i.grllitic?r?Ittli?::ingljm(IjTJ%ingeasi:;eemleﬂéveﬁssgfﬁ agyclfaec?l'rhe

r/min during the transition. The transitory time is defined as thd"® Ignition " .
first 5 min of Stage II, following the end of Stage I. At 30 s into spec[flc.atlon |s.10t 1 at Stage |. AqJUSt Whe.” needed. Check
the timing during Stage Il, a typical reading of 24 2°

the ramp, the engine speed shall range from 1150 to 1250~ 4 .
t/min. At 60 s into the ramp, the engine speed shall range fro dicates proper advance as determined by the engine control-

1400 to 1500 r/min. By the end of the 5 min ramp, stabilize the'®" _ . . .
engine speed at 1500 20 r/min. 11.3.3 Air-to-Fuel Ratio MeasuremenrtMonitor the air-to-

(2) After Stage Il, decrease the engine speed with minimafuel ratio continuously using the output of a wide-range
exhaust gas oxygen sensor.

undershoot from a nominal 1500 r/min to the Stage | engine . e . . .

speed target of 800 r/min. Do not allow speed to drop below 11.3.4 Oil Additions and Useq Oil SampIngurmg th? .
750 r/min during the transition. The transitory time is defined100 htest, do not add oil. Ne.W oil makeup is not allqwed if O'I.
as the first 5 min of Stage I, following the end of Stage II. At leaks occur. que a 10 mL oil samp!e of the new oil, used O'I.
30 s into the ramp, the engine speed shall range from 1100 {25 h, used oil at 50 h, _and used oil at 75 h. RerT‘O"e used oil
120 r/min. At 60 s into the ramp, the engine speed shall rang amples from the oil drain valve, located in the oil pan sump,

from 800 to 900 r/min. By the end of the 5 min ramp, stabilize uring the transient portion of Stage I (near end of cycle 25,
the engine speed at 806 20 r/min ' 50, and 75). Remove a 120 mL purge sample from the engine

. . . prior to drawing the oil sample. This purge sample is to be
11.2.6.4Torque Steadiness During Transitiero not h : fth fill . |
change the torque target of 25 N-m during the transition fro returned to the engine by way of the cover fill cap using a clean

) ill [ ipped with isolati Ive t t oil spit
Stage | to Stage Il, and from Stage Il to Stage |. During the et PIPe equipped With an 1solation valve 1o prevent oft Spi

. ”» ack due to positive crankcase pressure. After the oil consump-
min transitions for speed and temperature changes, control ”{%n has been calculated at the end of 100 h. remove a 100 mL
torque within 23 to 27 N-m. By the end of the 5 min transition '

- 'sample of used oil for chemical analyses of the 100 h test oil.
stabilize th'e tgrque at25 1.5 N-m. ) Take the 100 mL sample during the final engine oil drain at the
11.3 Periodic Measurements and Functions end of the test (100 h). No purge sample is required for this
11.3.1 Blowby Flow Rate MeasuremeaMeasure and final oil sample.
record the blowby flow rate during the middle of Stage | of 11.3.5 General Maintenance
cycle 5 and cycle 100. Stabilize and operate the engine at 11 3.5.1 Spark Plug ReplacementReplace the spark plugs
normal Stage | operating conditions. Use a 3.175 mm diametgkee Annex A2) before conducting the oil flushing procedure in
blowby orifice size for the normal blowby flow range of 5t0 12 g 7 2.
L/min. Use the apparatus schematic shown in Annex A3. Use 11 3 52pCV Valve ReplacemertReplace the PCV valve
the following procedure for measuring blowby flow rate:  after eight tests, when replacing the engine or cylinder head.
11.3.1.1 Open the flow valve (bleeder valve) completely. The PCV valve may be obtained from any authorized Nissan
11.3.1.2 Connect the blowby apparatus flow line to thedealership.
3-way valve located between the engine PCV and intake 11.4 Diagnostic Data Review-This section outlines sig-
vacuum port. nificant characteristics of specific engine operating parameters.
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The parameters may directly influence the test or indicateyhere:
normalcy of other parameters. A = empty container weight, dry at test start, g,
11.4.1 Intake Manifold Pressure-Several factors affect in- B initial oil charge and container weight, g,
take manifold pressure, including barometric pressure, enginé> = initial oil charge, g,
load, air-fuel ratio, ignition timing, and engine wear. Use intake D = new oil filter weight, dry at test start, g,
manifold pressure to monitor the engine condition, althoughE = empty container weight, dry at test end, g,
not a specifically controlled parameter. F SEZ:R 8:: gt“gncc?rc‘;at”e‘;r vg\]/e|ght €9
1.1'4'2 Fuel Consumption RateThe_ fuel consumption rate used oil filter weight, with absorbed oil, at end of test,
during any stage shall remain relatively constant throughout
the test. Lik_e intak(_e manifold pressure, use fuel consum_ption - gil remaining in filter, g, and
rate as a diagnostics tool. Fuel consumption rate and intakg —

. hay . oil consumption per test, g.
manifold pressure relate to similar operating parameters. 11.5.1.10il Drain—Drain the engine test oil and remove

Note 12—High fuel consumption rate can promote excessive cylinderthe used test oil filter. While removing the oil filter, catch any
bore, camshaft, and rocker arm wear. oil that drains out. Add this oil to the drained test oil. Drain the

11.4.3 Spark Knock—Spark knock does not normally occur used test 0|I.for 30 min. Ma|_nta|n awarm condition during the
30 min engine drain. Continue to circulate the coolant and

during this test. The fuel octane rating, ignition timing, engine .tain a 50°C coolant temperature. Remove the rocker

speed and load, and operating temperatures do not promogver. Using a suction device, remove the used test oil that is

spark knock. Spark knock indicates abnormal combustion, an apped in the cavities of the cylinder head under the camshaft.

may cause extensive engine damage. If spark knock occur L . ; ; i
take immediate corrective action. Errors in the measureme oi? not add this oil to the drained test oil. Properly discard this

and control of engine load, ignition timing, operating tempera- 11.5.1.2Measurement of Oil DraineghAfter completing

tures, and air-to-fuef ratio may result in spark knock. the 30 min drain, and adding the oil from the oil filter, weigh

tioﬁlbﬁ'élgc\%]k(f:ﬁjﬁ ;::iﬁ?ggr}k\f:l‘?g glga;Slgf Asb?owgc_ the drained test oil and the used test oil filter. Use the equation
y - 19 y provided in 11.5.1 to calculate oil consumption.

flow rate or a significant loss of PCV valve flow causes high 11.5.1.3Used Oil Sample-After calculating the oil con-

crankcase pressure. Incorrect 3-way valve plumbing or port : .
. ) . sumption, remove a 237 mL sample of used test oil for
plugging also promotes high crankcase pressure. High cranks . : .
. . chemical analyses of the 100 h test oil. Use a 237—mL plastic

case pressure may cause oil leaks (gasket or seal failure). Low _, . . ) : -
s - container. After calculating oil consumption and obtaining the

blowby flow rate or a vent air restriction to the PCV valve may ,,

cause low or negative crankcase pressure.
11.4.5 Qil Pressure—The oil pressure is a function of oil

37-mL sample for chemical analyses, place the remaining
used test oil into a 4— container and store.

11.5.2 Test Parts RemovatRemove the test parts (cam-

viscosity, operating temperature, qnd.engin.e bearing CleaE‘haft rocker arms, rocker shafts) for wear measurement
ances. Normally, the oil pressure is higher in Stage Il thanécco}ding to the pro'cedures outlined in 9.7 1
Stage |. The oil pressure shall remain consistent throughout the 11.5.3 Lobe Wear Measurement T

test, unless the oil exhibits a significant increase in viscosity. 11.5.3.1 After test, measure the camshaft lobes using a

11.4.5.1 Abnormal Oil Pressures-An excessive oil pres- g, t,qq profilometer. From these graphical profile measure-
sure fluctuation may indicate large bearing clearance. Ar|]nents, determine the maximum wear at seven locations on the

excessive oil pressure differential between the engine gallery, .\ b Determine individual cam lobe wear by summing the

and head gallery indicates Fhe presence of a gallery restrictiogeven location wear measurements. Average the wear from the
at the head gasket or an increased oil flow rate to the caflelve cam lobes for the final primary test result

bearing pedestals. . . 11.5.3.2 Use a surface measurement profilometer with real
11.4.6 Coolant Temperature Differentiat The coolant tem- . digital display and graphical output capability. Use a

perature differential is a function of the coolant flow rate and is o tical scale graphical resolution capable of 1 um per graph

normally stable throughout the test. Coolant flow rate Ofgivision. Use a profilometer capable of traversing at least 100

temperature measurement errors may cause large variationsjty, \yith a straightness accuracy equal to or less than 1 um per

the differential. Foreign objects in or near the flow meter May100 mm of traversed length. Use a right angle pickup without

cause coolant flow rate measurement errors. . a skid. Use a conical or spherical shaped diamond tip stylus,
11.5 End of Test ProceduresShut down the engine at the \ith a nominal radius of 2 to 5 um. House the profilometer in

end of cycle 100. _ o . an environment that meets the profilometer manufacturers
11.5.1 Oil Consumption DeterminatierUse the following  recommendations. Maintain a clean area, temperature con-
equation to calculate oil consumption: trolled, and stabilize and free the profilometer worktable from

J={B-A-[F-B)+H-D)]}=C—(G+1) (1) external vibration sources.
11.5.3.3 The Precision Devices Inc. MicroAnalyzer 2000
where: system is recommended as the computer-driven profilometer.
C Equip it with custom V-blocks (see Annex A2) for holding the
IG work-piece (the camshaft on its journals). Use a diamond
stylus that does not skid and that features a 0.005 mm stylus

T T
om»
QD
>
o
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radius and a 6.5 mm stylus height. Take a trace across the lobe11.5.3.12 It will rarely occur that the above techniques
from front-to-rear of the lobe, at a traversing speed of 0.50 tgrovide a wear measurement that appears unreasonable (for
0.75 mm/s. Slightly extend (drop) the stylus off the lobe edgegexample, a known unworn area that is not displayed as the
to ensure a full trace. View the data from the trace in the profildhighest point on a trace). When this occurs, consult the test
mode, allowing an analysis of the texture and waviness of thengineer for the proper leveling and wear interpretation of that
trace. Configure the instrument software for a two-point linetrace. Document the process utilized to make this wear
texture leveling at the average value of the unworn edges of th@easurement evaluation in the test report.

cam lobe. Display the waviness of the profile using the1
Gaussian smoothing filter set at 0.25 mm cutoff length and with
the filter set (nonstandard setting) to extend to the ends of the NoTe ;S—The summary of results and calculations are recorded on the
texture. Typically, the leveling line coincides with (contracts or 2PPropriate report form.

is very close to) the highest peak of the waviness profile that 12.1 Camshaft Lobe WearUse a surface roughness meter
exists at each unworn end. To obtain the wear measuremerProfilometer) to measure the change in profiles across the
the waviness evaluation length encompasses the whole loi¥orn cam lobe. Each lobe usually has an unworn edge at the
width. The Wt parameter (waviness total) yields the value offront of the Iot_)e, and at the_ rear of the Iobc_a. Use these unworn
the height from the maximum peak to the lowest valley of the€dges to define a two-point reference line, and measure a

waviness profile. Record the wear measurement as the \Waximum depth of wear. For each lobe, make seven profilo-
measurement. meter traces, scribing across the lobe. The seven locations on

. each lobe are: at the nose, which is 0 (zero)° cam |lab#,
11.5.3.4 After the test, analyze the grap_hs of the proﬂlomeiloo; and +14°. Locate the nose by reading the highest
ter traces of the cam lobe noses to determine the Wt. Since the

cam lobe is wider than the rocker arm pad, there is a narro\ﬁrofllometer position (to within 0.5-um) on the unworn cam

lobe surface. Affix a 360° wheel a minimum of 25 cm diameter
non-worn edge at the rear of the cam lobe and another at the :
. ) .. Or optical angle encoder to the front of the camshaft. Resolu-

front of the cam lobe. If possible, discern these distinct,; T .
) tion of the degree wheel is 1° or better. After locating the lobe

non-worn edges, and draw the reference line on the graph. The .
nose wear is the maximum excursion (deepest valley) of thaose, determine the degree wheel zero reference mark. When
worn surface on the cam nose, as gra hicallp measurgd norm\/'FV\led from the engine front, the camshaft normally rotates
) - asgrap y . Qockwise. Use this same sign convention for profilometer

to the reference line. In the absence of one of the d|scretﬁ]

non-worn lobe edges, use the pre-test profile to extrapolate tQﬁ
reference line.

2. Calculation or Interpretation of Results

easurements. When viewing the camshaft front, the plus
rection is before cam nose top center. The minus direction is
o after the cam nose top center. The maximum deviation (Wt) of
11.5.3.5 If two unworn edges are missing, level the trace byne worn nose profile (phase-correct filtered waviness profile)

the two-point line method (electronic leveling). from a deduced unworn profile (reference line) is the wear
11.5.3.6 If one of the unworn edges is missing, level thevalue for that cam lobe location. (Report individual wear
trace by the no form method (mechanical). measurements to a resolution of one half of 1 um in the range

11.5.3.7 A cam lobe edge shall be at least 0.10 mm widt/®f O to 30 um wear, or better; and to a resolution of 1 pm in a
and exhibiting an unworn surface finish pattern to be deemewear range greater than 30 um wear, or better) For an
an unworn edge. If the narrow edge is < 0.10 mm width, it will individual lobe, the lobe wear is a mathematical summation of
be treated as a worn edge and the trace shall be leveled by tHee Wt values for the seven defined locations on each lobe.
no form method. These measurements are recorded on the appropriate report

11.5.3.8 If one unworn edge is missing, no anomalies exisforM- Average (equal weighting) the lobe wear values for the
and at least 30 % of the trace exhibits no wear. the trace shdivelve lobes of the camshaft to determine the single test result

be leveled by the two-point line method using the one largd@verage cam wear, ACW) (reported t&/mo of an pm). The
non-worn edge. ACW value is severity adjusted as show in TMC 94-200. This

11.5.3.9 If an anomaly exists at the cam lobe unworn edgeseverlty adjustment is Average Cam Wear Final (ACWFNL)

. S . S nd is recorded on the appropriate report form. ACWFNL is the
either a significant rise or decline in slope, the trace area sh fimary result from this test method
be excluded from the wear calculation. The waviness evalua- :

tion length lines shall be oriented as close as possible to the e%qe recorded on the appropriate report form

of the trace while excluding the edge ar_10ma|y. 12.2.1 Oil Sampling—Take a 10 mL oil sample of the new

11.5.3.10 If a cam lobe defect exists such as surfacej|. used oil at 25 h, used oil at 50 h, and used oil at 75 h.
scratches or an anomaly (pushed metal), the waviness evalugemove used oil samples during the transient portion of Stage
tion length lines shall be oriented to exclude the defect ofj (near end of cycle 25 h; 50 h; 75 h). Take a 100 mL sample
anomaly from the wear calculation. of drain oil at the end of the test (100 h).

11.5.3.11 When leveling by the no form method, level the 12.2.2 Wear Metals—Measure the used oil samples (25 h;
camshaft on the base circle for the TDC trace, on the ATC sid&0 h; 75 h; 100 h) for wear metal concentration (ppm), using
of the cam lobe for the ATC traces and the BTC side of the canTest Method D 5185. Report iron and copper concentrations.
lobe for the BTC traces. Run the ATC and BTC leveling traces 12.2.3 Kinematic Viscosity-Determine and report the kine-
at a point closest to TDC where no wear exists, but no closematic viscosity (at 40°C) for the new oil sample and the used
than 20°C from TDC. oil sample at 100 h, using Test Method D 445.

12.2 Oil Analysis—The results from the used oil analysis

24



A% D 6891 — 03
“afl

12.2.4 Fuel Dilution—Measure the mass percent fuel dilu- TABLE 9 Test Precision “
tion of the used oil sample at 100 h. Fuel dilution typically Intermediate Precision® Reproducibility©
ranges from 3.5 to 7.0 %. (If the fuel dilution exceeds 7.0 %,  'estResu Sip? D E o0 =
the valve-train wear test results may not be interpretable.) US€, ¢ .0e wear (um) 14.30 20.04 622 4522

the foIIowmg proc_ed_ure to determine fuel dilution. A Based on results obtained from ASTM reference oil 1006.
12.2.4.1 Fuel Dilution—mass percent by gas chromatogra- ssee 14.1.1.2.
phy using Test Method D 3525 as modified: gSee 14-3-1-;1-(1
i s = standard deviation.
(_l) Use C16 (hexadecan_e)_ instead of C14 (tetradecane) 1:OrEOn the basis of test error alone, the difference, in absolute value, between two
the internal standard (1 mL injector volume). test results will be expected to exceed this value only about 5 % of the time.
(2) Define all components lighter than C16 as fuel.

(3) The integrator should establish a horizontal baseline 14.1.1.1Intermediate Precision (formerly called Repeat-

under the output curve. . ability) Conditions—Conditions where test results are obtained
(4) Column Details—Stainless steel (SS) 6 ft bt in.,  in the same laboratory with the same test method using the
solid support: Dexsil 300 10 %, 80 to 100 mesh. same test oil, with changing conditions such as operators,

(5) Temperature Detaits-Oven temperature 60 to 320°C, measuring equipment, test stands, and time between tests.
8°C/min rate of delta T, held at 320°C for 16 min to elude oil. 14.1.1.2 Intermediate Precision Limit (i.p3-The difference
between two results obtained under intermediate precision
13. Test Report conditions that would in the long run, in the normal and correct
13.1 Report Format-For reference olil tests, the standard- conduct of the test method, exceed the value show in Table 9,
ized report form set and data dictionary for reporting testdn only 1 case in 20.
results and for summarizing the operational data are required. 14.1.1.3 Reproducibility Conditions-Conditions where test

The report forms may be obtained from the TMC. _ results are obtained with the same test method using the same
13.2 Photographs-The final test report does not require test oil in different laboratories with different operators using
photographs. different equipment.

13.3 Electronic Data Dictionary—The electronic data dic- 14.1.1.4 Reproducibility (R}-The difference obtained un-
tionary will be furnished by the TMC upon request, and it is der reproducibility conditions that would in the long run, in the
mandatory for this test method. Use this dictionary for elecnormal and correct conduct of the test method, exceed the
tronic transmission of final report data to the end-user, or to thgalue shown in Table 9, in only 1 case in 20.

TMC for calibration tests. 14.2 Bias—Bias is determined by applying an acceptable
statistical technique to reference oil test results and when a
significant bias is determined, a severity adjustment is permit-

14.1 Precision ted for non-reference oil test results. This technique is de-

14.1.1 Test precision is established on the basis of referencgribed in TMC 94-206.
oil test results (for operationally-valid tests) monitored by the
TMC. The data are reviewed semiannually by the Sequencdd. Keywords
IVA Surveillance Panel. Contact TMC for the current industry 15.1 cam lobe wear; crankcase oils; lubricants; valve-train
data. wear

14. Precision and Bias
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ANNEXES
(Mandatory Information)

Al. OPERATIONAL CONDITIONS

Al.1 This annex defines the following operating condi- A1.1.2 Oil Flush Operating Conditions (Table A1.2).
tions: Al1.1.3 Steady-state Test Specifications (Table A1.3).
Al.1.1 Engine Break-In Schedule (Table Al.1). Al1.1.4 Typical Operational Performance (Table Al.4).

TABLE Al1.1 Break-In Schedule

. Engine Engine Coolant Coolant Out Cyl. Head Oll Intake Air Intake Air Exhaust
Duration,
Step min Spee_zd, Torque, Flov_v, Teemperature, Gallery Temperature, Temperature, Pressure, Pressure,
r/min N-m L/min °C °C °C kPa kPa-abs
1 10 800 10 20 50.0 49.0 32 0.050 103.5
2 10 1600 10 30 50.6 51.4 32 0.050 103.5
3 10 2000 40 40 55.2 62.6 32 0.050 103.5
4 10 2400 40 50 56.4 65.3 32 0.050 103.5
5 10 2400 75 50 62.5 80.0 32 0.050 103.5
6 15 2800 75 60 64.7 85.2 32 0.050 103.5
7 15 3200 75 70 66.9 90.5 32 0.050 105.5
8 15 3200 110 70 75.0 110.0 32 0.050 105.5
TABLE Al1.2 Oil Flush Operating Conditions TABLE Al.4 Typical Operational Performance
Parameters Units Flush #1 Flush #2 . Stage | Stage |
Parameters Units Performance Performance
Duration Min 20 20
Engine Speed r/min 800 1500 Oil Sump Temperature °C 535+ 3 635+ 3
Engine Torque N-m 10 10 Oil Gallery Temperature °C 50 + 3 60 + 3
Coolant Flow L/min 30 30 Oil Cylinder Head Temperature °C 49 + 3 59 + 3
Coolant Out Temperature °C 50 55 Coolant In Temperature °C 455 + 3 49 = 3
Cylinder Head Oil Gallery Temp. °C 49 59 Coolant Out Temperature °C 50 =3 55+ 3
Air to RAC SLPMA 10.0 10.0 Intake Air Temperature °C 32+3 32+3
Intake Air Temperature °C 32 32 Exhaust Gas Temperature °C 340 = 50 450 *= 50
Intake Air Pressure kPa 0.050 0.050 Fuel Rail Temperature °C 225 + 10 225+ 10
Intake Air Humidity g/kg 115 11.5 Oil Gallery Pressure kPa 130 *= 40 260 = 80
Exhaust Pressure kPa-abs 103.5 103.5 Oil Cyl. Head Pressure kPa 40 = 20 65 = 30
A Standard litres per minute FueI_Pressure kPa 238 + 10 234 + 10
’ Manifold Vacuum kPa-vac 60 =5 65 =5
Exhaust Pressure kPa-abs 103.5 + 1.0 1035 + 1.0
Intake Air Pressure kPa 0.05 = 0.025 0.05 = 0.025
Crankcase Pressure kPa -0.3 = 0.1 -0.3 0.1
TABLE A1.3 Steady-state Test Specifications Coolant Flow L/min 30 =05 30 =05
Air-to-Fuel Ratio None 14.4 = 0.3 14.4 £ 0.3
Parameters Units Stage | Stage Il Fuel Flow kg/hr 1.3 +03 215+ 0.3
Duration min 50 10 Eng!ne Speed r/min 800 + 20 1500 + 20
Engine Speed r/min 800 1500 Englr_1§ Torque N-m 250 £ 25 25.0 + 2.5
Engine Torque N-m 25 25 Humidity a/kg 115+ 0.7 115 + 0.7
Coolant Flow L/min 30 30 Ignition Timing °BTDC 10 +1 24 =2
Coolant Out Temperature °C 50 55
Cylinder Head Oil Gallery Temperature °C 49 59
Air to RAC SLPM 10.0 10.0
Intake Air Temperature °C 32 32
Intake Air Pressure kPa 0.050 0.050
Intake Air Humidity a/kg 115 115
Exhaust Pressure kPa-abs 103.5 103.5
Ignition Timing °BTDC 10 N/A
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A2. PARTS LIST

A2.1 This annex illustrates the parts needed for the Se-

quence IVA test (Table A2.1).

TABLE A2.1 Parts List

Section Description Part Number Contents Supplier
6.1 Bare Engine Assembly A0102-76P01 Engine Block / Head / Nissan North America, Inc.
Valvetrain Assembly
6.4.1.3 Test Kit 13000-40F85 Camshaft Assembly (1) Nissan North America, Inc.
Rocker Shaft (2)
Rocker Arms (12)
Oil Filter Assembly (3)
Spark Plug (4)
6.4.1.4 Head Assembly A1040-40F80 with Valves and Springs Nissan North America, Inc.
without Camshaft, Rocker Arms
6.2.7 Cooler Assembly—Oil 21305-03E00 Engine Oil Cooler Nissan North America, Inc.
6.4.1.4 Engine Valve Regrind Kit A1042-10C2E Head Gasket and Seals Nissan North America, Inc.
Distributor Assembly 22100-40F00RE Ignition Distributor Nissan North America, Inc.
6.4.1.2 Test Stand Kit No. 1 A0001-76P25 Nissan North America, Inc.
6.4.1.2 Test Stand Kit No. 2 A1001-40F25 Nissan North America, Inc.
6.4.1.2 Test Stand Kit No. 3 B4010-40F26 Nissan North America, Inc.
6.4.1.2 Test Stand Kit No. 4 14004-F4003 Nissan North America, Inc.
6.3.9 Jacketed Rocker Cover TEI-NIVAWCR-020 Aluminum Jacketed Rocker Cover Test Engineering, Inc.
6.2.9 Modified Wiring Harness OHTKA24-002-1 Modified Harness for ECM OH Technologies, Inc.
6.3.4.2 Air Filter Assembly 16500-86G50KT Air Filter Housing and Element Nissan North America, Inc.
6.5.1 Cam Angle Encoder NIVACWMO010 Test Engineering, Inc.
Cylinder Head Calibration Apparatus OH Technologies, Inc.
742 Silicone Gasket Maker 999MP-A7007 RTV sealant Nissan dealer
7.2 Test Fuel KA24E KA24E (dyed green) Dow Chemical
7.3.1 Break-In Oil TMC 926-2 TMC926-2 ASTM Test Monitoring Left

A3. FIGURES AND DRAWINGS

A3.1 This annex illustrates the key elements of the Se- A3.2.9 Exhaust Modification (Fig. A3.9).
quence IVA test engine. A3.2.10 Head Modification (Fig. A3.10).

A3.2.11 Cylinder Head Holder (Fig. A3.11).

A3.2.12 Engine Back plate (Fig. A3.12).

A3.2.13 Flywheel Modifications (Fig. A3.13).

A3.2.14 Jacketed Rocker Cover (Fig. A3.14)

A3.2.15 Cross Section of Jacketed Rocker Cover (Fig.
A3.15)

A3.2.16 Valve Train Wear Test Harness (Fig. A3.16)

A3.2.17 Blow-by Measurement Equipment Schematic (Fig.
A3.17)

A3.2 Figure and Drawing Descriptions

A3.2.1 Cooling System Schematic (Fig. A3.1).
A3.2.2 Oil Cooling System Schematic (Fig. A3.2).
A3.2.3 Fuel System Schematic (Fig. A3.3).
A3.2.4 Intake Air System Schematic (Fig. A3.4).
A3.2.5 Oil Filter Adapter Modifications (Fig. A3.5).
A3.2.6 Oil Pan Maodification (Fig. A3.6).

A3.2.7 Coolant Spool (Fig. A3.7).

A3.2.8 Water Pump Bore Plug (Fig. A3.8).
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Sequence IVA

Low
Point
Drain

WATTS, p/n 4A821,
0.25 inch,
Automatic Fleat Vent

BARCO #1-705,
1.00 inch ID,
Flow Sensor
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Throttle
Body

Reservoir

Tank

'Y

Thermostat Housing
(Front Cover)

Engine

Intake Manifold -<-I

Engine
Front

Jacketed RAC

Engine
Rear

Rosemont
D/P Cell

Plumbing:  -1.00 inch ID Pipe, RAC Coolant In/Out

w/ 15 psi Pressure Cap

- ITT Standard, p/n 5-030-06-048-001 - 1.00 inch ID Pipe, Engine Coolant In
- 6 inch Diameter X 48 inch Length - 1.25 inch ID Pipe, Engine Coolant Out
- Single Pass Shell & Tube - 1.50 inch ID Pipe, Tower Water Flow
- Cross Counter Flow Control
. - Coolant in Tubes ) Valve
8 Heat Exchanger: - Tower Water in Shell 8000 Watt Emersion Heater Honeywell
& 16 CV,
a Out In 1.25inch ID,
Electric 11 psi
@ HeatExchanger Tobes [ | ‘
Heater
Shell
Temperature
In Out Control VAN Halmar
Valve Variable
Research - ______________
. 0.50 inch ID, Output
Tower Water Z-YVay, Device
Trim C

FIG

. A3.1 Cooling System Schematic
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Nissan Oil Cooler

" p/n21305-03E00

Engine Oil

Nissan Oil Filter
p/n 15208-H8904

Out

Plumbing: - 0.50 inch ID Pipe, Tower Water

Factory Qil Cooler, Bottom View

Qut Filter Side

In
Temperature
Control
Valve
Research
0.25 inch ID,
2-Way,
Trim F

Tower Water

Eagine Side

FIG. A3.2 QOil Cooling System Schematic
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Pressure Regulator

Pressure Gauge
0-400 kPa

GO, 0-25 psig In
Micromotion g:::
Model D-6
Semsor _
Out
Solenoid L
Valve

Sequence IVA
GM, Type GF-175
Fuel '
Fuel
Fuel Tank Tank .
Pump .“ Filter
Shut-off
Valve
Inlet Return
Nissan KA24E Fuel Rail e
b5 Nissan Fuel
E Pressure Regulator
Thermocouple, Type J
Nissan Fuel Pump

p/n 17011-R2200

Out

p/m 5-160-02-008-001

Heat Exchanger
ITT Standard

Tower Water

Quick
Disconnect

FIG. A3.3 Fuel System Schematic
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Sequence IVA
E’. In Out Honeywell 3-13 psi
d . . P tic Cylind
% =Pr— Electrical Resistance Heater —-’—@— . ,ﬁe“;;g(fgﬁfl 041“_;
st
5 Air Pressure
2 Control Valve
=
2
g In
=
=
Flexible Tubing
. Out Air Dump
Air Intake Rubber Elbow Three 0.625 inch Holes
p/n 1005-5895
From 87-89 Pontiac
L-98 Trans-Am
Excess Air Flow

Thermocouple

Nissan Air Cleaner Assembly
p/n 16500-86G50

Pressure Sensor

Air Dump .
One 0.625 inch Hole : Excess Air Flow

FIG. A3.4 Intake Air System Schematic
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v

A REVISIONS ‘
- REV " DESCRIPTION DATE APPROVED
& . . )
L— 1. -GRIND ALUMINUM COUPUING
’ TO FIT CONTOURS OF THE
FILTER ADAPTER HOUSING. -
2. WELD COUPLING BETWEEN
THREADED BOSS AND SUPPORT
RIB. {(WELD MUST BE LiQuiD
TIGHT).
3. DRILL THRU WITH A "Q" S1ZE
N ’ DRILL, .
=
£
S ' :
< %
‘o .
: " SUPPORT RIg //
o ‘ ' 1/8" ALUMINUM
PIPE COUPLING
AN
\_ ARPROX. 1.10
TMED BOSS. 29 -
2.4L NISSAN OIL FILTER ADAPTER
ot e SOUTHWEST RESEARCH INSTITUTE
_— _ v : SAN ANTONIO, TEXAS
e HABY MARST 2.4L NISSAN OIL FILTER
e ADAPTER MODIFICATIONS
SIZE CODE IDENT, NO. DWG NO. - - T REV.
SN A — 26401 | GE-1759
= PN R SCALE NONE ] [seer 1 o 1

?

FIG. A3.5 QOil Filter Adapter Modifications

32



NOTES:

WELDEL

> LIOWO
10 AOTIOM OF OR PAN

5 ¥

4

A% D 6891 — 03
“afl

50 CE-1R2 T2

1. UNLESS OTHERWISE SPECIFIED, REMOVE BURRS AND BREAK SHARP
EDGES.

»

O

—— e
=\ ey ey

e e e

- 1/8 ORUL THRU

1/8" PIPE COUPLING

CUT IN HALF AND WLLOED

LIQUID TIGHT TO 10F
OiL DRAIN PLUG

or

HOTTOM VIEW QF 2.4( NISSAN Oit PAN
e SOUTHWEST RESEARCH INSTITUTE
F e ST [y ] SAN ANTOMO, TEXAS

UL
WLISS SR YENEY

KA24E 2.4L
NISSAN OIL PAN MODIFICATION

OCATGA,
ECRT IR SR D RRE o

W aSSY uSi0

HOLE ETER
ua‘ nn-uulxumo

LR -1 -1 S

¢l Js0r ["™**GE-1762 [*

ol « SCAL: 1=t 0 4 ¥

! 3

FIG. A3.6 Oil Pan Modification
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2640 c-GE-10 ]

SOUTHWEST RESEARCH INSTITUTE

oo
e hﬁﬁmﬂ N
2y KA24E 2.4L
P e T NISSAN COOLANT SPOOL
.“nma‘«mu: e S 000E DENT 0. | DRAWG 0. _ .:
- mlmu :E 31 := l :g Ic-vn iad € Euz.g(m‘ GEj—ﬁ——L1769“ T
4 2

FIG. A3.7 Coolant Spool
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REVISIONS

OATE | APSeCYE:

REV DESCRIPTION
5| -
o~
~
i
<@*0
o~
=
&
FL
=
~
©0
o~ .
] —=1 1.625[41.28mm]0WA. ’-—
— .125(3.18mm]
f N8
e I
‘ | | 2.345(59.56mm
— gz
2.045(51.94mm)
}
1/6[1.6mm] x 45° 1.180(29.97mm]OWA.
' BREAK SHARP CORNERS
OIMENSIONS ARE IN INCHES AND [MILLIMETERS]
7862301 SOUTHWEST RESEARCH INSTITUTE
M~ n SAN_ANTONIO, TEXAS
AT HABY o 7dee
' GECD : , : WATER PUMP BORE PLUG )
_. NSSAN | —soET CTY
: SiZE | COOE TOENT, NO. REV.
A L —1 A | 26401 |™"7826-1712
A ™ puupptuc | oesE | SoME 1=1 | JweEr 1 oor

FIG. A3.8 Water Pump Bore Plug
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| 7 | 6 ] 5 l 4 ] 3 | fisolP® vemt “F‘F-I 1
101 o) [ [ o
M 11

LY e SIS AGENEH WETTUIE
AR N SN0.4000, XS
e KAZ4E 241 NSSAN
= EXHAUST WODIFICATION
Dlluwnl
2w i el b —1qlae” [ G- 1761 T
L - M -8 o . 3 T 0
I 7 i 6 I 5 f i I 3 I 7 T 1

FIG. A3.9 Exhaust Modification
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51. UNLESS OTHERWISE SPECIFIED, REMOVE BURRS AND BREAK SHARP .
£DGES.

(

oo

e SOUTHWEST RESEARCH INSTITUTE
ST T i3 S8 040, TS
T = KA24E

=y 2.4L NISSAN HEAD MODIFICATION

Beafl e 400l s
2]
¥

e Iy ey e e - M DM

I 5 ? 1 o 3 I 2 [ 1
FIG. A3.10 Head Modification

37



A0Y D 6891 — 03
ul
| 2540 e -0 F‘itr"' J 1 b

NOTES. Lol - E o
1. UNLESS OTHERWISE SPECIFIED, REMOVE BURRS AND BREAK SHARP
EDGES.
2.38

/22,/82’

!

r—l.so——i | 1—1,33: \
W 1 /\125 X

.13
6.24 620 8
ler—- 1.50 — fm— 2.00 ——
5 - e 100 - |——L25-
-‘.g T ‘L“" T = T T } ¥ }
(KR 75 | ! | . | : | 15
Ll i 11
T i | ~
, ..l Lu/sz ORILL THRU (2) '
. 12.00
- {wh CYUNDER HEAD REST 27 1/8x 1 1/2 AWML
ik ool . b Rt
i ) P (81
LTI SOUTHWEST RESEARCH INSTITUTE
YL A T ey [ Pfgs | *——-—-——Lsm MTONO, TEXAS
- - NISSAN KAZ4E
o e CYLINDER HEAD HOLDER
BT e ~|“‘ﬁ % | 0751-1700 %
APPUCAROR b1 -] S [ weAdRLST ™ OESEL SO 0 LA
I 3 ¥ 7 l 3 T 2 l 1

FIG. A3.11 Cylinder Head Holder
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FIG. A3.17 Blow-by Measurement Equipment Schematic

A4. FUELS SPECIFICATION INFORMATION

A4.1 This annex provides information on the test fuel and A4.1.1 KA24E Test Fuel (Fig. A4.1).
engine coolant used in the Sequence IVA test procedure.
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PRODUCT. Haltermann®

'?f RESPONSIBLE CARE

INFORMATION PRODUCTS 150 9001 CERTIFIED
) ' ' T (281) 457-2768 F (281) 457-1469 L :
PRODUCT: KA24E TEST FUEL BatchNo.: 0109688 0011769 -
‘ TMONo.: 25830 25736
' - TMCNo.:  0109688-21 0011769-21
PRODUCT CODE: HF008 Tank No.: 682 682
Analysis Date:  9/27/2001 11/20/2000
. ShipmentDate:  10/16/2001 10/2/2001
TEST METHOD UNITS SPECIFICATIONS RESULTS RESULTS
MIN [TARGE | MAX
IDistiIlaﬁon -1BP ASTM D86 °F 75 a5 86 87
5% *F 114 113
10% °F 120 135 127 127
20% °F 149 150
30% °F 177 180
140% °F 208 212
I5O% °F 200 230 224 227
60% °F 233 234
70% F 242 243
80% °F 260 261
90% °F 300 325 320 319
95% °F 344 343
Distillation - EP °F 385 415 402 387
Recovery vol % Report 98.5 97.9
Residue vol % ~ Report 1.0 1.0
Loss vol % Report 0.5 14
Gravity ASTM D4052 APl " 58.7 81.2 59.2 58.9
Density ASTM D4052 kg | 0.734 | 0.744 0.7420 0.7430
Reid Vapor Pressure  |ASTM D323 . psi 8.8 9.2 9.1 9.1
Carbon ASTM E191 wt fraction | 0.8580 0.8667 0.8633 0.8610
|Carbon ASTM D3343 wt fraction Report 0.8657 0.8659
Sutfur ASTM D4294 wt% | 0.01 0.04 0.02 0.02
Lead ASTM D3237 g/gal 0.05 <0.01 <0.01
Oxygen ASTM D4815 wt% 0.05 <0.05 <0.05
Composition, aromatics JASTM D1319 vol % 35.0 299 29.9
Composition, olefins  JASTM D1319 vol % 50 10.0 6.2 55
[Composition, saturates JASTM D1319 vol % Report 639 64.6
(Oxidation Stability ASTM D525 ‘minutes | 1440 >1440 >1440
Copper Corrosion ASTM D130 1 | 1
Gum content, washed JASTM D381 mg/100mi 5 1 1
Research Octane NumbjASTM D2699 6.0 97.5 97.5 97.0
Motor Octane Number JASTM D2700 Report 882 87.8
R+M/2 D2699/2700 Report 929 92.4
Sensitivity D2699/2700 75 93 92
Net Heat of Combustion]ASTM D240 btwib |, Report 18364 18388
Color Visual Green Green Green

FIG. A4.1 KA24E Test Fuel
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A5. SAFETY PRECAUTIONS

A5.1 General Information A5.1.3 The external parts of the engines and the floor area

A5.1.1 The operating of engine tests can expose personnélound the engines should be kept clean and free of oil and fuel
and facilities to a number of safety hazards. It is recommende@Pills. In addition, all working areas should be free of tripping
that only personnel who are thoroughly trained and experihazards. Rersonnel should be alert for leaking fuel or exhaust
enced in engine testing should undertake the design, install§as. Leaking fuel represents a fire hazard and exhaust gas
tion, and operations of engine test stands. fume_s are noxious. Co_ntalners c_)f oil or fuel cannot be

A5.1.2 Each laboratory conducting engine tests should haveermitted to accumulate in the testing area.
their test installation inspected and approved by their safety A5.1.4 The test installation should be equipped with a fuel
department_ Personnel Working on the engines should b@hUtOﬂ: valve, which is designed to automatically cut off the
provided with proper tools, be alert to common sense safetftel supply to the engine when the engine is not running. A
practices, and avoid contact with moving, or hot engine partgiemote station for cutting off fuel from the test stand is
or both. Guards should be installed around all external movingecommended. Suitable interlocks should be provided so that
or hot parts. When engines are operating at high speedf)e engine is automatically shut down when any of the
heavy-duty guards are required, and personnel should Hellowing events occur: engine loses oil pressure, dynamom-
cautioned against working alongside the engine and couplingter loses field current, engine overspeeds, exhaust system
shaft. Barrier protection should be provided for personnel. Allfails, room ventilation fails, or the fire protection system is
fuel lines, oil lines, and electrical wiring should be properly activated.
routed, guarded, and kept in good order. Scraped knuckles, A5.1.5 Consider an excessive vibration pickup interlock if
minor burns, and cuts are common, if proper safety precautiongquipment operates unattended. Fixed fire protection equip-
are not taken. Safety masks or glasses should always be woment should be provided.
by personnel working on the engines and no loose or flowing A5.1.6 Normal precautions should be observed whenever
clothing, including long hair or other accessory to dress whichusing flammable solvents for cleaning purposes. Make sure
could become entangled, should be worn near running engineadequate fire fighting equipment is immediately accessible.

ASTM International 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 International 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.

This standard is copyrighted by ASTM International, 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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