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[lIM) Designation: D 6709 _ 01 An American National Standard
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INTERNATIONAL

Standard Test Method for
Evaluation of Automotive Engine Oils in the Sequence VIl
Spark-Ignition Engine (CLR Oil Test Engine) *

This standard is issued under the fixed designation D 6709; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This test method can be used by any properly equipped laboratory without outside assistance.
However, the ASTM Test Monitoring Center (TMECpffers a very valuable service to the test
laboratory; the Center provides reference oils and an assessment of the test results obtained on those
oils by the laboratory (see Appendix X1). By this means, the laboratory will know whether their use
of the test method gives results statistically similar to those obtained by other laboratories.
Furthermore, various agencies require that a laboratory utilize the TMC services in seeking
qualification of oils against specifications. For example, the American Petroleum Institute (API)
imposes such a requirement, in connection with several engine lubricating oil specifications.

Accordingly, this test method is written for use by laboratories that utilize the TMC services.
Laboratories that choose not to use those services may simply ignore those portions of the test method
that refer to the TMC.

This test method may be modified by means of Information Letters issued by the TMC. In addition,
the TMC may issue supplementary memoranda related to the test method (see Annex A3).

1. Scope operated under conditions different from those of the test. The

1.1 This test method is used to evaluate automotive enginSt can be used to compare one oil with another.
oils (SAE grades 5W, 10W, 20, 30, 40, and 50, and multivis- 1.3 The values stated in Sl units are to be regarded as
cosity grades) intended for use in spark-ignition gasolinetandard, except forlf volume which is given in the metric,
engines. The test procedure is conducted using a carburetd@j/t non-Sl, litre, g) certain tube measurements which are
spark-ignition Cooperative Lubrication Research (CLR) Oilgiven in the inch-pound unit3] cylinder bore and stroke in
Test Engine (also referred to as the Sequence VIIl test enginfePth SI and inch-pound units (the inch-pound being the
in this test method) run on unleaded fuel. An oil is evaluatedstandard) and4) piston displacement given in metric (non-Si)
for its ability to protect the engine and the oil from deteriora-and inch-pound unit (the inch-pound being the standard). In
tion under high-temperature and severe service conditions. THESPect to§) and @) the inch-pound units are shown first and
test method can also be used to evaluate the viscosity stabiliff€ SI units in parenthesis.
of multiviscosity-graded oils. Companion test methods used to 1.4 This standard does not purport to address all of the
evaluate engine oil performance for specification requirementgafety concerns, if any, associated with its use. It is the
are discussed in the latest revision of Specification D 4485. responsibility of the user of this standard to establish appro-

1.2 Correlation of test results with those obtained in autoPriate safety and health practices and determine the applica-
motive service has not been established. Furthermore, tHality of regulatory limitations prior to useSpecific precau-
results obtained in this test are not necessarily indicative offonary statements are provided throughout this test method.
results that will be obtained in a full-scale automotive spark- 1.5 This test method is arranged as follows:

ignition or compression-ignition engine, or in an engineSubject Section
Introduction
Scope 1
Referenced Documents 2
Terminology 3
1 This test method is under the jurisdiction of ASTM Committee D02 on Summary of Test Method 4
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee Before Test Starts 4.1
D02.B0.01 on Passenger Car Engine Oils. Power Section Installation 4.2
Current edition approved Aug. 10, 2001. Published October 2001. Engine Operation (Break-in) 4.3
2 ASTM Test Monitoring Center, 6555 Penn Avenue, Pittsburgh, PA 15202-4489, Engine Operation (Test/Samples) 4.4
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Stripped Viscosity 45 Suggested Method for Salvaging Appendix X2
Test Completion (BWL) 4.6 Camshaft Bearing Journals

Significance and Use 5 Data Log Sheets Appendix X3
Evaluation of Automotive oils 5.1
Stay in Grade Capabilities 52 2. Referenced Documents
Correlation of Results 5.3 21 ASTM Standard
Use 5.4 . anaaras:

ApraratéJs S 21 D 235 Specification for Mineral Spirits (Petroleum Spirits)

est Engineering, Inc. . .

Fabricated or Specially Prepared Items 6.2 (Hydrocarbon Dry Cleanmg Sqlvenfs) i

Instruments and Controls 6.3 D 445 Test Method for Kinematic Viscosity of Transparent

Procurement of Parts 6.4 and Opaque Liquids (the Calculation of Dynamic Viscos-
; paq q y

Reagents and Materials 7 ity)4
Reagents 7.1 . . . . X
Cleaning Materials 7.2 D 2422 Classification of Industrial Fluid Lubricants by
Expendable Power Section-Related Items 7.3 Viscosity Systerf‘l
P i I 7.4 A . .

Power Secion Coolant Te D 4485 Specification for Performance of Engine Bils
Test Fuel 76 D 5119 Test Method for Evaluation of Automotive Engine
Tesst ?“t_SamP'e Requirements 21 Oils in the CRC L-38 Spark-Ignition Engife
elecion ' D 5302 Test Method for Evaluation of Engine Oils for
Inspection 8.2 e . A .
Quantity 8.3 Inhibition of Deposit Formation and Wear in a Spark-

Preparation of Apparaus 9 Ignition Internal Combustion Engine Fueled with Gasoline
Test Stand Preparation 9.1 do ted der L T t Light-Duty Condi
Conditioning Test Run on Power Section 9.2 a_m peratea unaer Low-lemperature, Light-Duty Conadi-
General Power Section Rebuild Instructions 9.3 tions

. fﬁscﬁr‘d“'on'”g of Power Section After Each Test 51964 D 5533 Test Method for Evaluation of Automotive Engine
allpration . . ..

Power Section and Test Stand Calibration 10.1 QOils in the Sequence IHE' Sparkflgnltlon En_grme .
Instrumentation Calibration 10.2 D 5844 Test Method for Evaluation of Engine Oils for
Gatlbration of AFR Measurement Equipment o3 Inhibition of Rusting (Sequence 1IB)

I I u R . . .

Engine Operating Pﬁocedure n D 6202 Test Method for Automotive En_glne QOils on the_
Run-In and Flush 1.1 Fuel Economy of Passenger Cars and Light-Duty Trucks in
Test Operating Conditions 1.2 the Sequence VIA Spark-Ignition Engfhe
Air-Fuel Ratio and Spark Advance 11.3 2 . f . Sianifi Diqi in T D
Air, Off-Gas and Blowby Measurement 14 E 29 Practice for Using Significant Digits in Test Data to
Unscheduled Shutdowns 1.5 Determine Conformance with Specificatiéns
Periodic Vieasarements. 17 2.2 SAE Standards:

Final Ol Drain and Oil Consumption Computation s 3183,. Engine Oil Performance and Engine Service Classifi-
Operational Validity Criteria 11.9 cation (Other Than “Energy-Conserving”)
Test Completion 11.10 H i

Determination of Test Results 12 J304, Engine Oil Tests
Oil Analysis 12.1 .

Test Bearing Weight Loss Determination 12.2 3. Tefmln0|09y

Report 13 3.1 Definitions:

Precision and Bias 14 ’ . " .. . .

Precision 141 3.1.1 air-fuel ratio, n—in internal combustion engingthe
Bia? . 14.2 mass ratio of air-to-fuel in the mixture being induced into the
Use of ASTM Rounding 15 :
combustion chambers. D 6202
Keywords 16 . . . . .
ANNEXES 3.1.2 automotive adj—descriptive of equipment associated

Measurement of Connecting Rod Bearing Annex Al with self-propelled machinery, usually vehicles driven by

Clearance and Journal Taper internal combustion engines D 4485

Measurement of Main Bearing Clearance Annex A2 N g ) ) ) ) .

The ASTM Test Monitoring Center Annex A3 3.1.3 blind reference ojln—a reference oil, the identity of

’\Cﬂalibration Piogfrimt o o Arnex Ad which is unknown by the test facility.
easurement O Iston-to-sSleeve Clearance nnex . . . . . .

Control Chart Technique for a Laboratory's Annex A5 3.1._3.1 D|scu55|on—Th|s_ is a coded reference oil that is

Severity Adjustment (SA) submitted by a source independent from the test facility.

Recommended New Liner Honing Procedure Annex A6 D 5844

Sequence VIII Oil Priming Procedure Annex A7 P . .

Alternative Crankcase Breather Configuration Annex A8 3':.“'4 blOWby' n—in internal combustlon englneme com-

Connecting Rod Bearing Cleaning Procedure Annex A9 bustion products and unburned air-and-fuel mixture that enter

Electronic Ignition Conversion Annex A10

System Response Procedure Annex A1l

Air-Fuel Ratio Measurement Annex Al12

Lead Decontamination Procedure Annex A13 3 Annual Book of ASTM Standardgol 06.04.

Stay-in-Grade Oil Analysis Procedure Annex Al4 4 Annual Book of ASTM Standardgol 05.01.

Crankshaft Rear Seal Conditioning Annex A15 5 Annual Book of ASTM Standardé¢ol 05.02.

Report'Fc')rms Annex A16 ¢ Annual Book of ASTM Standardgol 05.03

Data Dictionary Annex A17 7 Annual Book of ASTM Standardéol 14.02

~ APPENDIXES o ) 8 Available from Society of Automotive Engineers, Inc., 400 Commonwealth
Role of the ASTM Test Monitoring Center and the Calibration ~ Appendix X1 Drive, Warrendale, PA 15096. Request SAE Handbook Vol 3. This Standard is not

Program

available separately.
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the crankcase. D 5302 3.2.11 operationally valid testn—an engine oil test that has
3.1.5 critical parts, n—those components used in the testbeen conducted in accordance with the conditions listed in this
that are known to affect test severity. test method.
3.1.6 noncompounded engine pit—a lubricating oil hav- 3.2.12 power sectionn—the combination of the crankcase

ing a viscosity within the range of viscosities of oils normally assembly, the cylinder block assembly, and the cylinder head
used in engines, and that may contain anti-foam agents or poassembly, all of which are attached to the accessory case.
depressants, or both, but not other additives. D 5119 3.2.13 reconditioned power sectipm—an engine power
3.1.6.1 Discussior—In this test method noncompounded oil section which has been disassembled, cleaned, and reas-
is also known as build-up oil. This discussion does not appeagembled according to the detailed procedtiedter completion
in Test Method D 5119. of either a conditioning test run or a full-length CLR engine oil
3.1.7 non-standard testn—a test that is not conducted in test.
conformance with the requirements in the standard test 3.2.14reference oil test n—a standard Sequence VIII
method; such as running on an uncalibrated test stand, usirgfigine oil test of a reference oil designated by the TMC,
different test equipment, applying different equipment assemconducted to ensure that power section and test stand severity
bly procedures, or using modified operating conditions.falls within industry limits.
D 5844 3.2.15 run-in and flush n—the initial 4 2-h operation of a
3.1.8 test starf n—introduction of test oil into the engine. NeWw, rebuilt, or reconditioned power section at the beginning of
D5533 either a conditioning test run or a full-length test.
3.1.9 wear, n—the loss or relocation of material from a  3-2.16 scheduled downtimer—off-test time that is specifi-
surface. cally allowed to include warm-up and cool-down periods as
3.1.9.1 Discussior—Wear generally occurs between two well as shutdown and intermediate bearing weight loss mea-
surfaces moving relative to each other, and is the result ofurements. _
mechanical or chemical action or by a combination of me- 3-2.17 shutdown n—the procedure for turning off the en-
chanical and chemical actions. D5302 gine’s ignition following the prescribed engine cool-down

3.2 Definitions of Terms Specific to This Standard: period. _ .
3.2.1 accessory cas@—the mounting base containing the 3.2.18 standard testn—an operationally valid, full-length

balancing mechanism, flywheel, and final driveshaft for theSequenc:e VIII test conducted with a calibrated power section

power section of the CLR engine. and test stand in accordance with the conditions listed in this

. . . - o test method.
3.2.1.1 Discussior—This definition was modified to em- . . . . . .
brace the CLR engine. The definition in Test Method D 5119,{h3',[2'1t9 s_tlay%;n-grade (stlnpfedlvl[glcosn;y) the Vt'SCOS('jty 0‘;. q
embraces the L-38 engine. e test oil after removal of volatile components and solids,

3.2.2 build-up oil, —see 3.1.6, noncompounded engine OII_accordmg to th? procedurg sh0\_/vn In Annex A14.
. . s 3.2.20test oil n—an oil subjected to a Sequence VII
3.2.3 calibrated power section/test stand combination . .
; . ngine oil test.
n—one that has completed an operationally valid reference ol

test within the previous six months, the results of which fall 3.2.20.1Discussior—It can be any oil selected by the
A P : S . laboratory conducting the test. It could be an experimental oil
within industry severity and precision limits as published by

or a commercially available oil. Often, it is an oil that is a
the TMC. candidate for approval against engine oil specifications
3.2.4 conditioning test runn—a full-length Sequence VIII :

test Usi TMC-desianated ref i | 3.2.21 test stangdn—the engine accessory case connected to
est using a ~aesignated reterence ol in a new or new%dynamometer, both mounted to a suitable foundation (such as

rebuilt power section to prepare the cast iron parts beforg o y\ate) and equipped with suitable supplies of electricity,
conducting routine standard tests with the power section. compressed air, and so forth, to provide a means for mounting

3.2.5 gmcyarg(.anc_y_ shutdov,vn—thg procedure for turning Oﬁ and operating a power section in order to conduct a Sequence
the engine’s ignition without using the prescribed engine,;, engine oil test

cool-down period. 3.3 Acronyms:
3.2.6 full-length test n—a test of an engine oil conducted 3:3_1 BTDC, aaj_before top dead center

using a power section and a test stand that runs 4-h run-in, 2-h 3.3.1.1 Discussion—It is used with the degree symbol to
flush and 40 h at test conditions. (See 10.1.3.1, exception fQRgicate the angular position of the crankchaft from its position
10-h stay in grade test). at the point of uppermost travel of the piston in the cylinder.

/3.2.7 new power sectigm—an engine power section con- 3 3 2 E\WMA n—exponentially-weighted moving average
sisting of either a new crankcase or complete power section 3 3 3 LTMS n—Lubricant Test Monitoring System

that has no previous oil test history. . 3.3.3.1 Discussior—An analytical system in which ASTM
3.2.8 off-gas n—gas exiting the power section crankcasecgjipration test data are used to manage lubricant engine test
breather. precision.

3.2.9 off-test time n—any time that the engine is not
operating at the prescribed test conditions.

3.2.10 Ol.l gallery S.Ide cover plat (.:r‘.ankcase Covef plate 9Refer to Instructions for Assembly and Disassembly of the CLR Oil Test
th:jit' contalns_ the oil ga"e_ry'a.nd provision for mounting andEngine, available from Test Engineering, Inc., 12718 Gimarron Path, San Antgnio,
driving the oil pump and ignition assembly. TX 78249. Ocumen'ﬁs
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3.3.4 SIG, adj—stay-in-grade TABLE 2 Test Operating Conditions

3.3.4.1 Discussior—Capability of multiviscosity-graded oil Item Setting
to stay in grade under test conditions (see 4.5). Speed, r/min 3150 = 25
3.3.5 TDC, adj—top dead center Load bhp Adjust load to provide proper fuel flow

. . . . at specified air-fuel ratio.
~ 3.3.5.1Discussiop-It is used with the degree s.ymbollt_o Fuel flow, kg/h (Ib/h) 2.15 = 011 (4.75 = 0.25)
indicate the angular position of the crankshaft from its positionir-fuel ratio 14.0 = 0.5

at the point of uppermost travel of the piston in the cylinder. Jacket outlet coolant 93.5 & 1 (200 2)

Temperature, °C (°F)

Difference between jacket
4. Summary of Test Method Inlet and jacket outlet

4.1 Before every Sequence VIII engine oil test, the power Coolant temperatures,® C (°F)
section of the CLR oil test engine is thoroughly cleaned, anc?a"esr‘/’\g"st\fvf‘fg@mre' R
power section parts are measured. A new piston, a complete set saE 20, 30, 40, 50, and
of new piston rings, a set of new copper-lead connecting rod EUEiViSCOS”g'E-ngCGd oils S

. A park aavance, *
test bearing inserts (from a batch approved by the ASTI\/@iI pressure, kPa (psi) 276 + 14 (40+ 2)
D02.B0.01 Sequence VIII Test Surveillance Panel), and othetrankcase vacuum, Pa (in. H,0) 500 =+ 120 (2 = 0.5)
specified parts as required are installed. Exhuast back pressure, Pa (in. Hg) ~ 010 3.4 (0 to 1)
. .. Crankcase off-gas, SCFH 301

4.2 The power section is installed on an accessory case/te@ﬁwby’ SCEH record
stand. Unleaded fuel is used for the test.

4.3 The engine is first operatedrfd h according to a
run-in-and-flush schedule shown in Table 1.

4.4 .The engine is then operated for 40 h under sp(_apified 5.4.3 SAE Classification J304.
conditions (Table 2). At the end of each 10-h of test conditions,

a sample of the test ail is drained from the power section ang_ Apparatus
fresh oil is returned to the power section for continuation of the
test.

4.5 An oil sample is taken at the end of the first 10-h of te

5.6 + 1 (10= 2)

135 = 1 (275 * 2)
1435 + 1 (290 + 2)

6.1 Test Engineering, Ine=The document “Instructions for
Sfb\ssembly and Disassembly of the CLR Test Engfrrovides

conditions. When multiviscosity-graded oils are being testedg?ta”ed parts Iistings, modif_ication instructions, assembly/
this sample is used to determine the stay-in-grade (SlG?ilsassembly instructions, maintenance procedures, and parts
capabilities of the test oil eplacement requirements. The following is a descriptive

4.6 Atthe completion of the test, the connecting rod bearindiSting of some Of the test.engine and as_sociated parts. _
weight loss is determined. 6.1.1 Test Engine-Obtain the test engine from Test Engi-
neering Inc. (TEI® The test engine is known by various

5. Significance and Use designations such as the L-38 engine, the CLR engine, or the

5.1 This test method is used to evaluate automotive enging€duence VIl engine (as used in this test method). It com-
oils for protection of engines against bearing weight loss.  P'iS€s two principal units, the power section and the accessory
5.2 This test method is also used to evaluate the Si§ase (Fig. 1). The power section is a single-cylinder, spark-
capabilities of multiviscosity-graded oils. |gn|t|on unit with _96.5—|_'nm (3.80-in.) bore and 95.2-mm
5.3 Correlation of test results with those obtained in auto{3-75-in.) stroke, displacing 0.696 L (42.59n.
motive service has not been established. 6.1.2 Test Bearing—SAE H-24 alloy connecting rod bear-
5.4 Use—The Sequence VIII test method is useful for ing, TEI Part No. 100034-1, from a batch approved by the
engine oil specification acceptance. It is used in specificationdSTM Sequence VIl Test Surveillance Panel.
and classifications of engine lubricating oils, such as the 6.1.3 Test Engine Cranksha#tObtain a crankshaft for the

following:
5.4.1 Specification D 4485.

tification Systent?

CLR test engine, Part No. 100039-1, from TEI. If desired, the

crankshaft may be refinished in one of the following two

5.4.2 API Publication 1509 Engine Oil Licensing and Cer-manners:
6.1.3.1 The oil seal and main bearing journals may be

refinished by welding material to the journals and regrinding

the journals to the original specifications. The connecting rod
10 American Petroleum Institute, 1220 L Street, NW, Washington, DC 20005, Journal shall not be refinished using this test method.

TABLE 1 Power Section Run-in Schedule

Speed Load Spark
r;]min ! Advance, Time, Total
°BTDC min (£2) Time, h

(+25) bhp (+0.2) (W) (+150) 1)

1500 2.0 (1500) 25 60 1

2000 4.0 (3000) 25 60 2

2500 5.0 (3700) 35 60 3

3150 5.0 (3700) 35 60 ™ o4
poctiments
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FIG. 1 Sequence VIII Power Section

6.1.3.2 The crankshaft may be refinished by chrome plat- 6.1.5 Piston Ring AssemblyUse a Dana/Perfect Circle
ing'! the oil seal, connecting rod journal, and main bearingpiston ring assembly, Part No. 41274, in the Sequence VIII test
journals. When refinishing a crankshaft using this test methodgngine*?

all journals listed shall be chrome plated. 6.2 Fabricated or Specially Prepared Items
6.1.3.3 To identify the crankshaft being used in a power 6.2.1 Atypical Sequence VIII engine test stand configura-
section the following identification is required: tion is shown in Fig. 2. o _
(1) S = standard crankshaft 6.2.2 Crankcase Ventilation Systerfig. 3 is a schematic

of the required configuration of the crankcase ventilation
(2) C = chrome crankshaft, and measurement and control system.
(3) R = reconditioned crankshaft. 6.2.2.1 Fabricate the air-tight rocker cover air and off-gas
6.1.4 Test Engine Pistor-Obtain a piston for the CLR test condensate trap/surge tanks shown in Fig. 3, with provisions
engine, TEI Part No. 2405, from TEI. If desired, a piston mayfor draining and cleaning. The volume of the rocker cover air
be reused if it meets the piston-to-liner clearance specificadank shall be 3.8 to 5.7 L (1 to 1.5 gal). The volume of the
tions. Pistons used in the CLR test engine for L-38 testing, opff-gas tank shall be 38 to 45 L (10 to 12 gal). Fabricate both
any other testing using leaded fuel, shall not be reused itanks from non-corrosive material. Locate the tanks as shown
Sequence VIl testing. Used pistons shall be cleaned according Fig. 3.
to the following procedure before installation in the test engine. 6.2.2.2 Rocker Cover Air Flow-Measure the air flow into

6.1.4.1 Clean the piston crown of any carbon deposits usin§'e roc3:ker cover by using a Sierra Side Track Model 830 flow
aliphatic naphtha and 3M fine-grade Scotch Brite pads. Wet thB'etef* capable of measuring 0 to 20 L/min. An optional

cleaning pad in the solvent and scrub the deposit. Repeat unfiWyer rotameter, Model No. RMC-10f,with a range of 0 to
all carbon is removed. 1420 L/h may be used for ease of adjustments; however, actual

6.1.4.2 Spray piston with clean solvent and air dry.

12The Dana/Perfect Circle piston ring assembly Part No. 41274, is available
from Dana Corp., Perfect Circle Division, 1883 E. Laketon Ave., Product Distribu-
11 The sole source of supply of crankshaft refinishing by chrome plating knowntion Center, Muskegon, M| 49442-6123. This piston ring assembly is the only one
to the committee at this time is OH Technologies, Inc., P.O. Box 5039, Mentor, OHknown to be available to the committee at this time.
44061-5039. If you are aware of alternative suppliers, please provide this informa- *°Sierra Side Track flow meters are available from Sierra Instruments Inc., 5
tion to ASTM Headquarters. Your comments will receive careful consideration at eHarris Ct, Building L, Monterey, CA 93940.

meeting of the responsible technical committeghich you may attend. Chrome 14 Dwyer instrumentation may be obtained from Dyaer Instruments Inc., IE.O.
plating of crankshaft journals by other vendors is not permitted at this time. Box 60725, Houston, TX 77205. ﬁocu men S
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pressure measurement devices at the inlet of the off-gas
measurement apparatus as shown in Fig. 3.
6.2.2.7 When a closed loop automated control system is
employed, use a Badger meter research control valve, Model
No. 1002-TCN36-SVCSA-LN36, to control the crankcase
© vacuum. When using a manual control system instead of the
automated control system, install a Swagelekin. metering
oot valve, Part No. SS-6L, to control the crankcase vacuum. Both
o

—

systems are shown in Fig. 3.
1 6.2.2.8 Use a Vaccoffi vacuum aspirator, Model No. JD-
it B : } 90M, or a vacuum pump as a vacuum source.
6.2.2.9 Rocker Cover Air Inlet PressureUse a Dwyer
l | Magnehelic, Model No. 2320, or a Sensot€clpressure
transducer, Model No. TJE-756-05, to measure the rocker
cover air pressure. Convert the measured value to kPa for use
ACCESSORY CASE DOGMAETER in off-gas measurement calculation (see 11.4.1) Locate the
sensor at the inlet of the rocker cover air flow apparatus as
shown in Fig. 3.
6.2.2.10 Crankcase Off—-Gas Inlet Pressurd)se a Dwyer
Magnehelic, Model No. 2320, or a Sensotech pressure trans-
measurements shall be taken with the Sierra flow meter. Aljucer, Model No. TJE-756-05, to measure the off-gas air
piping and tubing used to flow air into the rocker cover shall bepressure. Locate the sensor at the inlet of the off-gas air flow
nominal¥s-in. 1.D. apparatus as shown in Fig. 3.
6.2.2.3 When a closed loop automated control system is §.2.2.11 Rocker Cover Air Inlet TemperatureMeasure the
employed, use a Badgét meter research control valve, Model rocker cover inlet air temperature withvain. J-type thermo-
No. 1002-GCN36-SVCSC-LN38; to control the rocker cover  couple. Position the thermocouple tip in the middle of the air
air flow. When using a manual control system instead of thetream and expose no more than 50 mm of the sheath to
automated system, install a Swagef#gkin. metering valve,  ampient air. Locate the thermocouple at the inlet of the rocker
Part No. SS'6E7, to control the air flow into the rocker cover. cover air measurement apparatus as shown in F|g 3.
6.2.2.4 Fig. 4 shows the details of the rocker cover inletfor 2 2 12 Crankcase Ofi-Gas Inlet Temperatudleasure
the crankcase ventilation air. Braze one half of/&in.  the off-gas temperature with #-in. J-type thermocouple.
(3.2-mm) connector with the beveled end facing the neapgsition the thermocouple tip in the middle of the air stream
corner of the rocker cover. Tighten the connector nut securelyang expose no more than 50 mm of the sheath to ambient air.
6.2.2.5 Construct the off-gas breattieas shown in Fig. 5 | ocate the thermocouple at the inlet of the off-gas flow
using American Standard Schedule 40, or equivalent, nonyeasurement apparatus as shown in Fig. 3.
galvanized pipe fittings. Apply .sealant to the threads during 6.2.3 Oil Filter—Install a Raco?? Model LFS-62, the
assembly. Install the breather in the breather port of the oiipecified ol filter as shown in Fig. 7. Use suitable hydraulic
gallery side cover (see Fig. 6) of the engine power section. Figynse and fitting&?3
A8.1 shows freeze plug detail in an alternative configuration to 6.2.3.1 Oil Drain Valves—Locate oil drain valves at points

that in Fig. 5. . : .
no higher than the bottom of the oil pan or the vertically
6.2.2.6 Crankcase Off-Gas FlowMeasure the crankcase mounted oil heater.

off-gas flow by using a Daniels Honed Orifice Flange Flow . , A
. . . o 6.2.4 Oil Heater—Install the oil heater as shown in Fig. 8.
18 - - ﬁ?
Section, Model No. H1905%z in.,*® with orifice plate, F-150 éfse suitable hydraulic hose and fitt _

Ysin., and a Rosemount differential pressure transducer, Mod 6.2.5 Power Section Cooling Systesinstall a non-

No. 1151DP-3-S-22-D182. Mount the flow section horizon- essurized cooling system consisting of a heat exchanger
tally. The transducer may be set up as square root extracting o) 9 sy . 9 ger,
ater pump, coolant throttling valve, sight glass, and tower

aid in interfacing with the readout. Locate temperature anc%éee Fig. 9). Use American Standard Schedule 40, or equiva-
lent,¥s-in. non-glavanized pipe fittings and apply sealant to the
threads during assembly.
15 Badger valves are available from Badger Meter Industrial Div., 6116 East 15th
St., P.O. Box 581390, Tulsa, OK 74158-1390.
16 The letter prior to the last dash in the model number defines the trim size. Use
the trim that gives the best system control. e
17 Except for the stainless steel wool and screens, parts for the construction of the 2° Vaccom aspirators are available from McKenzie Air Industries, 18523 IH 35
crankcase breather may be obtained from many commercial sources. The pabrth, Shertz, TX 78108.
numbers given indentify the components available from McMaster Carr, Chicago, 2* Sensotec transducers are available from Sensotec Inc., 1200 Chesapeake Ave.,
IL. Columbus, OH 43212.
8 Daniels flow sections are available from Daniel Flow Products Inc., Flow 22 Parker Hanifin Corp., Racor Division, 3400 Finch Road, Modesta, CA 95350.
Measurement Products Div., P.O. Box 19097, Houston, TX 77224. 23 Aeroquip ¥e-in. (10-mm) (inside diameter) hydraulic hose has been used
19 Rosemount transducers are available from Rousemount Inc., 4001 Greenbriauccessfully to plumb the oil filter and oil heater; select e of a specification
Ste 150B, Stafford, TX 77477. cover temperatures and pressures encountered in Sequﬁm bfm enfs

—— POWER SECTION
FIG. 2 Typical Sequence VIII Engine Test Stand
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i Atternate Configuration
Filtered Air Supply, —_—_—————— - Defia Pressure  §  (Manual Control)
Pressurize as Needed | Process Signal for Transducer :
i~ =1 Optional Rocker Cover Air ¢ - — — — : Exhaust
b Flow PID Control System | H
VT T T T T Vacuum Source
: (Aspirator or
i Vacuum Pump)
Flow [} H
Meter : 1 Pressure . : .
i Sensor ! Metering Valve
10112 :
Gallon I ! Opento
Surge Tank 1/8 inch Orifice ; atmosphere
1. Flow Meter  ; :
] b - - - o T T———-—- [
| b e eeeaaad
| A R s § o S,
: Themocouple
Rotameter : | 11 Gallon --------------
Controll Valve -1 Surge Tank ;
3-way
PID Controller Control Valve
v D’ -
]
Breather !
gSeeFl_:igure i
Ag r1 ) 'gure : : Vacuum Source
SEQUENCE .
vill Trap i Vacuum Purrp)
ENGINE i I
-t }
Crankcase | Exhaust
Vacuum
Sensing  : Automated
Device : Control
: (Closed Loop)

FIG. 3 Standard Crankcase Ventilation System for the Sequence VIII Power Section

6.2.5.1 Use a water-cooled heat exchanger. A heat ex- 6.2.7 Ignition System-An electronic ignition system is
changer of this type, suitable for this application, is available asequired. The required system is illustrated in Figs. A10.1
American Heat Exchanger, Part Number 5-030-030142011. through A10.10. Other electronic ignition system configura-
6.2.5.2 Install &%4-in. gate-type coolant throttling valve on tions shall be reviewed and approved by the TMC and the
the output side of the coolant pump to maintain the specifie@®equence VIII Surveillance Panel, prior to use.
temperature differential between the coolant flowing into, and 6.3 Instruments and Controls
that flowing out of, the power section jacket. 6.3.1 Dynamometer-Use a dynamometer and control sys-
6.2.5.3 The coolant pump is to be an electrically driventem capable of maintaining the specified engine operating test
centrifugal pump with a flow of approximately 18.9 L/min at conditions (see Section 11). Speed measurement shall have a
95.5 kPa of water head pressure. The Graifiy®art No. minimum accuracy oft0.5 % of reading, and load minimum

1P831 has been found suitable. measurement accuracy af2 % of reading.
6.2.5.4 Install a sight gla$% located downstream of the  6.3.2 Fuel Flowmeter or Fuel Weigh SystentUse a system
cylinder head to permit detection of air entrainment. with a range of 0 to 4.5 kg/h, and having a minimum accuracy

6.2.5.5 Fabricate the tower using non-galvanized metalof 1 % reading and 0.5 % repeatability.
Make it approximately 90 mm in diameter and 410 mm long. 6.3.3 Air—Fuel Ratio Measurement SystertUse a system
Fashion a loose-fitting cover for it. Install a level gage,with a calibration capability of the equivalent af0.5 air-fuel
positioned to give a mid-scale reading when the system igatio number. The following are acceptable methods for deter-
filled. The system shall have a minimum capacity of 7.5 L. mination of air-fuel ratio:
6.2.6 Exhaust SystemUse either a water-quenched system  6.3.3.1 Calibrated Electronic Exhaust Gas Analyzetise
or a dry system. sample gases for the calibration. Follow the directions in
Annex A12 to determine air-fuel ratio.
6.3.3.2 AFR Analyzer/Lambda MeterThe air fuel ratio
z:AvailabIe_ from Compressor Engineering, 625 District Dr., Itasca, IL 60143. (AFR) analyzer shall have a measurement range of 11.00 to
Y Brainger national braneh location 18.00 for AFR with 1.85 H/C and 0.00_O/C, where: H is

26 A sight glass of this type, suitable for this application, is available as Gitts-Part . g
No. 3063-27, from Edward Fisher Co., 118 S. Wabash, Chicago, IL 60616. hydrogen, C is carbon and O is oxvqen.DOCLImentS
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FIG. 4 Rocker Cover Air Inlet Detall

6.3.3.3 When a Lambda meter is used, the exhaust senscare to ensure temperature measurement accuracy. Follow the
location is to be within 150- 50 mm of the cylinder head guidelines of Research Report RR:D02:1218.
exhaust outlet mating surface. 6.3.5.1 Check all temperature devices for accuracy at the
6.3.4 Pressure Measurement temperature levels at which they are to be used. Iron-
6.3.4.1 Crankcase VacuumAs shown in Fig. 3, connect a Constantin (Type J) thermocouples are specified for tempera-
line trap and an appropriate sensor to the crankcase at the hdlge measurement.
above and to the right of the oil heater inlet hose connection on 6.3.5.2 All thermocouples shall be premium grade, sheathed
the oil gallery side cover. See Fig. 6 for the location of thetypes with premium wire. Use thermocouples of 3.2 mm
crankcase vacuum port. Measurement resolution of 50 Pa antlameter. Thermocouple lengths are not specified but shall not
1% accuracy in the specified range of .580.120 kPa are have greater than 5 cm of thermocouple sheath exposed to
required. ambient laboratory temperature.
6.3.4.2 Exhaust Back PressureConnect an appropriate  6.3.5.3 Some sources of thermocouples that have been
sensor to the exhaust back-pressure tap at a point within 1G8und suitable for this application are, Leeds and Northrup,
mm of the cylinder head exhaust flange. Sensor accuraey of Conax, Omega, Revere, and Thermo Sensor.
10 % of reading and resolution of 340 Pa are required. 6.3.5.4 System quality shall be adequate to permit calibra-
6.3.4.3 Intake Manifold Vacuum-Measure the intake mani- tion to +0.56 °C for individual thermocouples.
fold vacuum at the elbow of the intake manifold by means of g 3¢ Thermocouple Location and Lengt#All thermo-
a sensor having an accuracy of 1 % and a resolution of 680 Pagyple tips shall be located in the center of the stream of the

appropriate sensor having an accuracy Df 2% and a

resolution of 7 kPa, connected to the point shown in Fig. 6.
6.3.5 Temperature MeasuremeniThe test requires the ac-
curate measurement of oil and coolant temperature. Exercise 2’ Available from ASTM International Headruarters. Documents
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STAINLESS STEEL SCREEN
Part #9226T77

STAINLESS STEEL WOOL
Part #7364T19
STAINLESS STEEL SCREEN

Part #9226177

Part #4535K62

3/4 in. x 4in. NIPPLE —————»

Part #4830K196

1=

——

1 1/2in. PIPE CAP
“= (Drill and tap for off
gas connections.
Min. 1/4 in. NPT.)
Part #4464K92

«— 11/2in. x 6in. NIPPLE
Part #4830K268

«— 11/2in. x1in.
REDUCER COUPLING
Part #4539K91

3/4 in. CLOSE NIPPLE
Part #4830K191

Part #4464K111

3/4 in. x 45° STREET ELBOW
Part #4518K24

CLR OIL GALLERY SIDE
COVER FOR THE ENGINE
POWER SECTION

FIG. 5 Crankcase Breather Detail

OIL SWMP THERMOCOUP
DIPSTICK TUBE

-~} ——— DISTRIBUTOR MOUNT
BREATHER PORT

OIT, GALLERY INLET PORT

OIL PUMP OUTLET PORT

FIG. 6 Oil Gallery Side Cover

6.3.6.1 Coolant TemperaturesThe thermocouples used to

ManuaP and the latest supplements (Information Letters and

measure the coolant inlet and outlet temperatures are to bdemoranda) available from the TMC.
located within 100 mm of the inlet and outlet bosses on the

power section.
6.3.6.2 Air Inlet Temperature-Measure the air inlet tem-

7. Reagents and Materials
7.1 Reagents

perature with an exposed thermocouple or thermometer located7.1.1 A 1:3 mixture of hydrochloric acid and deionized
at the center of the air tube, 38 mm above the carburetor aiwater. (Varning— The laboratory shall establish proper safety

horn.
6.3.6.3 Oil Gallery Temperature-Measure oil gallery tem-

procedures for handling and disposal of this reagent.)
7.1.2 A 1:8 mixture of baking soda and wateNgrning—

perature at the front main bearing passage (see Fig. 6). ThEhe laboratory shall establish proper safety procedures for

immersion length for these thermocouples is 35 mm.
6.3.6.4 Crankcase Off-Gas Temperature Measurement

handling and disposal of this reagent.)
7.2 Cleaning Materials

Measure the off-gas temperature at the outlet side of the 7.2.1 Abrasive Papef® 400-, 600-, 800-grit, wet or dry.
crankcase breather assembly. Fig. 3 shows a recommended7.2.2 Crocus Cloth?®

system.
6.4 Procurement of Parts-Obtain information on the CLR

Oil Test Engine (see 6.1.1) and parts for it from TEI. Users of zsqne sand paper and Mylar tape may be obtai
this test method shall comply with CLR Oil Test Engine Shopsources.
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FIG. 7 Qil Filter Installation
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OIL HEATER
FIG. 8 Oil Heater Installation

7.2.3 Mylar Tape?®

7.2.4 Organic Solvent-Penmul L46® (Warning— T sian cuss
Combustible. Health hazard.).

7.2.5 Pentane (SolventP9 + %, high-performance liquid ﬁﬂ
chromatography gradeWarning—Flammable. Health haz- e—r—i ip |
ard). 1) hear o I Y

7.2.6 Stoddard Solvent® Specification D 235, Type | EXCHANGER
(Warning— Combustible. Health hazard). E] E

7.2.7 Tap Water heated to between 66 and 82°C. ¢

7.3 Expendable Power Section-Related ltems ; Y ) @

7.3.1 Sealing CompoundsApproved sealing compounds, i .
including pipe thread compound and gasket cement are: E a

7.3.1.1 Perfect Seal Sealant No,34 ~ iy aa '

7.3.1.2 Permatex Ultra Blue 77B* l 2) VATER PO 5) ERINE COOLANT THROLLING
VALVE 3/4 in,
GATE TYPE

FIG. 9 Cooling System
29penmul L460 is a registered trademark of, and is available from, Penetone

Corp., 7400 Hudson Ave., Tenafly, NJ 07670.
30 Stoddard Solvent, Specification D 235, Type |, is available from petroleum

solvent suppliers. 7.3.1.3 Permatex 3H, Permatex High Tack 99 MA
31 These may be obtained from many commercial sources. 7.3.1.4 Dow Corning High Vacuum Grea@OCU ments
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7.3.1.5 Dow Corning RTV Gray 3154nd* Test Engine” regarding details pertaining to care and mainte-
7.3.1.6 Petroleum Jelly?* nance of the accessory case.
7.3.2 Power Section Build-Up Oif? 9.2 Conditioning Test Run on Power Sectie new power

7.4 Power Section CoolantUse deionized or distilled section cannot be calibrated, nor is it suitable for test purposes,
water for the power section coolant, plus a suitable inhibitoruntil a full-length, conditioning test run has been conducted on
such as Pencool 208Dat 31 mL of Pencool 2000/L. Such the power section. The conditioning test run is required to
water purchased from a commercial source is suitable. prepare the cast iron parts of such a power section, and the oil

7.5 Reference Oils-Conduct test periodically on reference used for the run is a reference oil designated by the TMC. Upon
oils supplied by the TMC, to document the test severity of acompletion of the conditioning run, the power section shall be
given power section and test stand, and the overall operation oéconditioned as described in 9.4 before conducting a test. (A
the test. Use 8 L (2 gal.) of reference oil for each test. conditioning run on a reference oil shall not qualify as a

7.6 Test Fuel-Use Haltermann Products KA24E Test reference test. Testing can commence only after a conditioning
Fuel3*The specification for KA24E Test Fuel is available from run and a reconditioning.)

Haltermann ProductsWarning—Flammable. Health hazard.) 9.3 General Power Section Rebuild Instructiers

7.6.1 Fuel Batch Approval-New batches of KA24E Test Assemble the power section according to the detailed instruc-
Fuel are approved for use by Subcommittee D02.B Sequend®ns found in the assembly manual. Compliance with all

IVD Surveillance Panel. provisions of the assembly manual is mandatory. However, in
7.6.2 Fuel Batch Analysis-Details are available from Sub- cases of disparity, the explicit instructions contained in this test
committee D02.B Sequence IVD Surveillance Panel. method take precedence over the service manual. Information

7.6.3 Laboratory Storage Tank Fuel Analysidetails are letters and memoranda issued by the TMC shall supersede this
available from Subcommittee D02.B Sequence IVD Surveil-manual. Failure to follow the instructions provided in this
lance Panel. document and related TMC information letters or memoranda,

7.6.4 Fuel Batch Shipment and Storag®etails are avail- or both, may cause incorrect test results.
able from Subcommittee D02.B Sequence IVD Surveillance 9.4 Reconditioning of Power Section After Each Fest

Panel. Recondition a previously used power section before the start of
a new test. Power sections previously used with leaded fuel
8. Test Oil Sample Requirements shall be decontaminated using the procedure shown in Annex

8.1 Selectior-The sample of test oil shall be representativeA13 before use. Follow the parts replacement and cleaning
of the lubricant formulation being evaluated and shall beProcedures described in the following sections.

uncontaminated. 9.4.1 New Parts—Use the following new parts:
8.2 Inspectior—New oil sample baseline inspection re- 9.4.1.1 Piston and piston ring assembly,
quirements are described in 12.1.1. Note 1—A used piston may be reused if it meets the requirements of

8.3 Quantity—Approximately 7 L of fresh oil is required to 6.1.4.1.
complete the test. It is recommended that a test laboratory have
approximately 8 L of oil on hand when starting a test to allow
for inadvertent losses.

9.4.1.2 H-24 alloy connecting rod test bearing,
9.4.1.3 All gaskets, seals, O-rings, and
9.4.1.4 All parts that are excessively worn or that do not
9. Preparation of Apparatus permit malnteTance of_the operating clearances_specmed in this
) method or in “Instructions for Assembly and Disassembly of
9.1 Test Stand Preparation the CLR Oil Test Engine".
9.1.1 Instrumentation Calibration-Check the calibration 9.4.2 Documented Parts-The parts supplier will provide

of temperature sensors, flowmeters, pressure sensors, apdqrqs; stating source codes and additional information such
dynamometer load indicator as required by the type of instruz patch code. lot number. and so forth. It will be the

mentation being used. Details on calibration, of both powereqnnsibility of the laboratory to maintain records document-

section and test stand, and of instrumentation, are given ijq these parts by proper identification numbers. The parts that
10.2. ) ) , require documentation arel)(crankshafts,q) camshafts,J)
9.1.2 Preventive MamtenaneeR_efer to and comply with _connecting rod bearingsd) crankshaft main bearings5)(
instructions for Assembly and Disassembly of the CLR Oil .5 shaft bearings6) piston rings, ) connecting rods, §)
pistons, and9) cylinder sleeves.
9.4.2.1 Critical Parts—The crankshaft and connecting rod
32 Noncompounded oil ISO VG 46 (SAE 20) (see Classification D 2422) is &€ considered critical parts. If either is replaced during a
available through lubricant marketers. One supplier is Exxon-Mobil Oil Corp. Thereference period it will void the calibration status of the
Exxon-Mobil product is designated EF-411, and is available from Exxon-Mobil Oil stand/power section. A reference oil test meeting the calibra-

Corp., P.O. Box 66940, AMF O'Hare, IL 60666, Attn: lllinois Order Board. . . . . . A
33 The sole source of supply of Pencool 2000 known to the committee at this timélon requirements of Section 10 is rEqUIred before continuing

is The Penray Co, Inc., 1801 Estes Ave., Elk Grove, IL 60007. If you are aware oflON-reference oil testing.
alternative suppliers, please provide this information to ASTM Headquarters. Your  9.4.3 Parts Cleaning Procedures
comments will receive careful consideration at a meeting of the responsible 9.4.3.1 Oil Pump Oil Pressure Regulator Distributor. and
technical committeé which you may attend. S ! AR ’ !
34 Haltermann Products KA24E Test Fuel is available from Haltermann Prog-Crankcase BreatherRemove the distributor and crankcase

ucts, Ten Lamar, Ste 1800, Houston, TX 77002. breather. Remove the oil pump and.oil p e
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the oil gallery side cover plate. Clean this cover plate thor-build-up oil until the wiping material appears clean after
oughly using Penm@é? (Warning— Combustible. Health haz- wiping. Coat the liner with build-up oil.
ard.) and a fiber brush or swab, then rinse the cover plate with 9.4.5 Piston-to-Sleeve-Determine the piston-to-sleeve
tap water heated to 65 to 82°C (150 to 180°F), and rinse itlearance in accordance with the procedure given in Annex A4.
again with Stoddard Solvetft (Warning—Combustible. 9.4.6 Crankshaft Rear Seal Surface ConditionirGontrol
Health hazard.). Carefully spray the oil pump, oil pressureof oil and air leakage at the crankshaft rear seal may be
regulator, and distributor with Stoddard Solvent to removeimproved if the crankshaft rear seal surface is conditioned prior
deposits. Disassemble, inspect, and clean the crankcaseeach testin accordance with the recommendations of Annex
breather with Stoddard Solvent. A15.

9.4.3.2 Power Section-Dismantle the power section com-  9.4.7 Crankshaft Journal Conditioning
pletely before each test and thoroughly clean the parts by 9.4.7.1 Use crankshafts with all journals having out-of-
soaking them in Penmul for a minimum of 4 h. Removeround measurements of 0.025 mm or less.
remaining deposits on the crankshaft using fine or very fine 3M 9.4.7.2 Since the test method is primarily designed to
Scotch Brite pads. After the minimal 4-h soak and cleaningmeasure bearing weight loss, maintain the crankshaft rod
period, rinse the parts in hot tap water (65 to 82°C) to removéearing journal such that weight loss due to abnormal mechani-
all traces of Penmul, and then rinse them with Stoddarcdtal wear is minimized. Exercise care when handling the
Solvent®. (Warning— Insufficient rinsing may allow Penmul crankshaft to prevent nicking the journal surfaces. Should
carryover to the test oil causing increased severity in H-24icks be observed, lightly dress the journal with a dressing
alloy bearing weight loss.) stone. Remove as little metal as possible. Observe bearing wear

9.4.3.3 Alternative Methods-The above-noted parts may Pattern for the test following this process to confirm that
be cleaned using a heated bath or temperature controllg@€chanical wear is at a practical minimum.
automated parts washer. Allow the parts to cool before assem- 9.4.7.3 Polish the connecting rod bearing journal according
bly or measurement. Protect parts cleaned by either method @ the following guidelines. Mount the crankshaft on centers or
accordance with 9.4.3.4. position the main bearing journals in V-blocks. Prepare strips

9.4.3.4 Protection of Parts—immediately after cleaning, ©f Polishing medium (only a wet/dry, silicon carbide, 400, 600
protect all parts against moisture and contamination by the usdd 800 grit abrasive paper, standard crocus cloth, or Mylar 3m
of build-up oil, vapor-proof plastic bag, or both. Give special {@P€ iS approved for use) 13 mm wide by 0.9 to 1.2 m long. It
attention to cleaning the following:1) sludge trap, 2) oil is necessary to wet the strip of crocus cloth or abrasive paper
passages in crankshaft, in cylinder block, in crankcase and t§fith build-up oil or the Mylar tape with Stoddard Solvent.

valve lifters, @) oil passage to rocker assembly, am) ¢il Wra_p the strip %J/z times around the journal to_provide a
passage to timing gear oil jet. minimum of 360° contact between the cloth and journal. The

9.4.3.5 0Oil Heater Cleaning—Prior to each reference oil Mylar tape will not slide over itself so only wrap it 180°,

test. clean the oil heater case and inner cartridae with Penmﬁtroke the journal with the cloth or abrasive paper by alter-
' - and | riridge wit Hately pulling on the two ends of the strip while maintaining a
to remove all residues, deposits, and foreign material. Use

ire brush loth ded t letel ht tension on the strip, and while traversing across the
wire brush or emery cloth as neeced 1o COmpIEtely Temove, \.na) po not dwell in the center of the journal. Rotate the
residues and depqsns, then rinse with hot tap Wate.r and SPra¥ankshaft 90° between each traverse. Repeat four times. If
the case and cartridge with Stoddard Splvent and air dry. Pno& rasive paper is used, complete the fourth and final polishing
to every test between references, the oil heater may be clean

. i . . B cess using crocus cloth or Mylar tape.
gi); (‘:jl:;iur:gtmg Stoddard Solvent through it for 15 min and then 9.4.7.4 Alternatively, rotate the crankshaft (for example,

) ) with a metal turning lathe,) at about 120 r/min during the
9.4.3.6 H-24 Alloy Test Bearing-Mark the bearing before  jishing process. Polishing for approximately 20 to 30 s,
using it in a test with the letters T (top) and B (bottom) on the,yhjle traversing the cloth across the journal, has been found to
backs of the bearing tangs, using a vibrating engraver. Make nge effective for this process. Do not dwell in the center of the
other marks on the bearing until after the final weighing. Priofjoyrmal. No other method of polishing process is permitted.

to initial weighing and prior to weighing at the end of a test, 9.4.7.5 Repeat the polishing procedure with dry crocus cloth
clean the bearing halves according to the procedure given ig, Mylar tape.

Annex A9. (Fresh, clean Stoddard Solvent and pentane shall be94 7.6 To confirm the trueness of the journal, visually
used for cleaning.)Warning—Flammable. Health hazard.) check the journal with a straight edge 30.12 mm long; this

9.4.4 Cylinder Liner Finishing—To minimize the effect of |ength equals the width of the connecting rod bearing. Place a
changes in oil consumption, a new TEI cylinder liner shall bepright light source near the crankshaft on the side opposite your
finished according to the honing procedure in Annex A6. Thesyes. Hold the straight edge axially against the journal and
method for finishing a used liner is at the laboratory'sinspect for light leakage between the straight edge and the
judgment. journal surface, at 30° increments around the journal. If light

9.4.4.1 Cleaning Procedure and Rust PreventieAfter the  leakage is observed, measure the journal diameters at the large
desired finish is achieved, spray the liner with Stoddardand small-diameter points, determine the axial distance be-
Solvent, and air dry it. Apply build-up oil to the liner surface. tween the two measurement points, and_calculate the taper
Wipe the liner interior with a cloth or paper towel wetted with (using half of the diametrical difference) of tBQGMm&EﬂiS
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the points. Discard any crankshafts having a connecting rogreviously calibrated.) Conduct all non-reference oil and ref-
journal taper larger than 0.013 mm/25.4 mm. (Experience hasrence oil tests in the same manner.

shown that mechanical bearing wear with such crankshafts is 10.1.1 Reference Oils-Obtain reference oils for calibration

unacceptably high.) The use of technology, such as surfacgse from the TMC. Oils are available representing various
profile measuring equipment is acceptable if approved by thgyyels of performance. See 14.1 for performance data.

TMC. . I .
9.4.7.7 Resizing (refinishing) of the connecting rod journal 10.1.2 Test Numbering-Calibration of power sections and

is allowed only as stated in 6.1.3.2 test stands is closely related to test numbering; that is, the test

9.4.7.8 Determine the connecting rod bearing clearance arfd/MmPer assigned to a test is a function of the calibration test
journal taper according to the procedure given in Annex A1, of€cently conducted. Number each Sequence VIl Engine Oil
an equivalent method approved by the TMC, prior to the initial TeSt by assigning it a test number that identifies the test stand
weighing of the bearing halves. Perform the connecting rodiumber, the power section number, the number of tests
clearances prior to the initial weighing of the bearing halves.conducted on the power section since the last successful
9.4.7.9 Determine the main bearing clearance according tteference oil test on that power section, and the total number of
the procedure given in Annex A2 or an equivalent methoduns on the power section. The only exception to this format is
approved by the TMC. Perform the connecting rod clearancéhat the sequential total number of runs on the power section
measurements prior to the initial weighing of the bearingshall be followed by the letter A for the first rerun, B for the
halves. second, and so forth, for an invalid or unacceptable reference
9.4.7.10 After preparing the crankshaft according to 9.4.7.1eil test.
9.4.7.9, clean it thoroughly. .Either pressure spray it _with 10.1.3 Reference Oil Test Frequency
Stoddard Solvent or brush it with Stoddard Solvent, and air dry.
9.4.8 Camshaft Journal ConditioninrgThe camshaft
journal-to-bearing clearance must be within the range of 0.03

10.1.3.1 Using blind reference oils supplied by the TMC,
6a|ibrate each power section/test stand combination following
to 0.132 mm. [However, to maintain good oil pressure controfach 15 test starts or upon the expiration of the 6 month power
when using low-viscosity oils, it may be necessary to reducsection/test stand time period, whichever occurs first. When a
this clearance to 0.030 to 0.0él mm.] A suggested method fopeduence VI oil test is terminated after the first 10-h interval
salvaging out-of-limit camshaft bearing journals or for decreast© determine the stripped viscosity of a multiviscosity-graded
ing the camshaft journal clearance is provided in Appendix X20il, on a calibrated Sequence VIl power section/test stand, the
9.4.9 Power Section Valve Clearancedlake the appropri- test is counted as one of 15 test starts allowed per reference

ate adjustments during power section reassembly to obtain tHeeriod. Also, any tests exceeding intervals of 40 h shall be
clearances shown in the “Instructions for Assembly and Discounted as more than one test each time it exceeds 40 h. For

assembly of the CLR Test Engine.” If specifications do notexample, O to 40 or less h equals one test; 41 to 80 h equals two
include an inch tolerance, the intent is to meet this value. tests; 81 to 120 h equals three tests, and so forth.

9.4.10 Power Section Assembly Torque Specifications  10.1.3.2 When circumstances develop which are beyond a
During power section assembly, use the torque specificationgporatory’s control, such as fuel or parts shortages, calibration
shown in the "Instructions for Assembly and Disassembly ofyeriods and the number of test starts between calibrations may

the CLR Test Engine.” o o be adjusted. Adjustments to calibration periods and the number
9.4.11 Connecting Rod Reconditionirgihen recondition- ¢ yot starts between calibrations shall be approved by the

ing connecting rods, the bore diameter shall be within the rangenic and the Sequence VIII Surveillance Panel before addi-
of 57.8231 to 57.8358 mm. tional test starts are conducted. Make a note on the form shown
10. Calibration in A16.7 in the final test report, stating that the test was
o o conducted on a power section/test stand in which calibration
Note 2—The ASTM Test Monitoring Center Calibration Program

(Annex A3) dictates specific procedures which involve coordination withrec_IlJIrementS were adjusted and, also, the reason for the
the TMC in order to obtain calibration status of a test power section and@djustment.
a test stand. The information given in the following sections provides a 10.1.3.3 Laboratories running non-standard Sequence VIl
summary of the calibration process required. tests shall contact the TMC before resuming calibrated Se-
10.1 Power Section and Test Stand Calibratie@alibrate  quence VIII testing with the test stand or power section (or
power sections in combination with test stands by running testgoth) involved. Depending upon the modifications to the power
on reference oils (see 10.1.3 for frequency). The purpose isection or test stand (or both) and the time period of non-
twofold: (1) to verify standardized engine operation, and (2) tostandard testing, test stand checks or reference oil tests, or
document a laboratory’s severity level for given combinationsooth, may be required before resumption of calibrated testing.

of power sections and test stands.. (Atest of a no'n-reference ol 10.1.4 Reference Oil Test Acceptance and Severity Monitor-
shall be conducted only on a given combination of power,

section, test stand, and bearing batch lot, which has beeRY
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10.1.4.1 The TMC maintains records of reference oil test 10.2.1 Engine load measurement system,
activity, analyzes severity trends, gives reports at ASTM 10.2.2 Engine speed indicator,
meetings, and assists laboratories in the technical conduct of 10.2.3 Fuel flowmeter or weighing scale,
tests. (See Appendix X1 for a more detailed presentation of the 10.2.4 Temperature sensors and measurement system,
TMC role.) 10.2.5 Electrical wattmeter (only if used),
10.1.4.2 Submit all reference oil test reports to the TMC for  10.2.6 Pressure gages,
review and acceptance. (See LTMS for reference oil test 10.2.7 Crankcase off-gas flowmeter,
acceptance criter!d). The test data sheet for test reports on  10.2.8 Crankcase ventilation air flowmeter, and
engine oils other than reference oils (Fig. A16.4) shall include 10.2.9 Rocker cover air flowmeter.

the test number and completion date of the power section 103 Calibration of AFR measurement Equipment
reference oil test(s) used to calibrate the power section/test 103 1 Lambda Metersprior to each reference oil test.

stand used for the test. . 10.3.2 Exhaust Gas Analysis Metergrior to each reading
10.1.4.3 Failure of a reference oil test to meet LTMS controlerg and span.

char_ts limits can be indicative of_ a false alarm, or a POWer 104 Calibrate torque wrenches every six months.
section/test stand, laboratory or industry problem. When this

occurs, the Iaborgtory, in conjunction with the TMC_, shall 11 Engine Operating Procedure

attempt to determine the problem source. Input from industry .

expertise (ASTM Technical Guidance Committee, the Se- 11.1Run-in and Flush-At the beginning of each test,
quence VIII Surveillance Panel, Registration Systems, Inc.Perform the following 4-h run-in and 2-h flush: _

and so forth) may be solicited to help determine the cause and 11.1_.1 Install the Racor 0|I_f|Iter bypassing the oil heater
extent of the problem. (see Fig. 7). Use a new/clean filter screen (28 um) for each new

(1) In the event of a failed reference oil test, the calibrationt€St run-in. o
status of the power section or test stand, or both, shall first be 11-1.2 Charge the power section with 2840 mL of fresh test
reviewed before subsequent tests are conducted. If the TM@!l- Record the date and time that the oil is poured into the
determines the problem is a false alarm, then there is no impagfl9ine. These are considered the test start date/time. Prior to
on non-reference tests running in the laboratory. If it isStrting the engine and any restarts during the 4-h run-in,
determined that the problem is related to the power section di€rform the oil priming procedure in Annex A7.
test stand, non-reference tests run during the problem period in 11.1.3 Operate the power sectiom # h according to the
that power section or test stand, or both, shall be reviewed fotchedule in Table 1. Maintain the oil gallery temperature no
validity taking into account the related new information. higher than 107.0°C, the oil gallery pressure at 2820 kPa,

(2) If it is determined that the problem is related to the@nd the jacket outlet temperature no higher than 93.5°C.
laboratory, all non-reference oil tests run in the IaboratoryR_eCOrOI data at least hourly using a form of the type shown in

during the problem period shall be reviewed for validity taking F19- X3.1. _ _
into account the related new information. 11.1.4 Shut down the power section after four running
(3) If it is determined that the problem appears to pehours. Immediatc_aly move the pistor) to top dead center (TDC_)
industry-wide, the ASTM Sequence VIII Surveillance PanelOn the compression stroke, and drain the crankcase for 10 min.
shall be requested to develop a resolution. Remove the crankcase breather tube to vent the power section
10.2 Instrumentation Calibration-Calibrate the following 0 tmosphere during drain periods. _
instrumentation, immediately prior to each reference oil test, 11.1.5 After the 4-h run-in, add the oil heater (Fig. 8). The
with the exception of a test stand where reference oil tests ar@l heater remains in the oil circuit for the flush and steady-state
conducted with multiple power sections. For a test stand usingwortions of the test procedure. The external oil outlet shall pass
multiple power sections, the test stand instrument calibratiofhrough the heater, then the Racor filter before returning to the
may be extended by 14 days. For example, a reference oil te8f19IN€.
can be conducted in the same test stand with a second powerl1.1.6 Charge the power section with 1660 mL of fresh test
section without calibrating the test stand instrumentation if the?il. Prior to starting the engine and any restarts during the 2-h
reference oil test is started within 14 days of the previous tediush, perform the oil priming procedure in Annex A7.
stand instrument calibration. Unless otherwise specified in this 11.1.7 Flush the power sectionrf@ h under the following
test method, follow the instructions provided by the manufacoperating conditions: 315@ 25 r/min, 3.73% 0.15 kW, 35=
turers of the instruments regarding the method of calibrationl® before top dead center (BTDC) spark advance, 107.0°C
In calibrating each instrument, use certified reference standard8aximum oil gallery temperature, 93.5°C maximum water
having known values covering the range of measurements to hacket outlet temperature, and 286 10 kPa oil gallery
encountered in using this test method, and having tolerancé¥essure. Do not energize the oil heater during this period.
less than those of the measurement tolerances specified in tH§cord operational data prior to shutdown using forms of the

test method. Retain the calibrations records for a minimum ofype shown in Figs. X3.1 and X3.2.
24 months. 11.1.7.1 Downtime Limits, Run-in and FluskhDuring the

run-in interval and the flush interval (11.1.3) no more than 4 h
of off-test time are allowed. No more than one emergency
35The document “Lubricant Test Monitoring System” is available from the shutdown is allowed. No more than two total shutdowns are

T™C. allowed. Documents
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11.1.7.2 During the shutdown between the 4-h run-in anaff-gas flow has been adjusted to 85028 SLH. Convert the
2-h flush, consider any time in excess of 85 min as off-test time@bservation to standard conditions (101.3 kPa and 21°C) as
counted against 14 h limit listed in 11.1.7.1. follows:

11.1.7.3 During the shutdown after the 2-h flush, consider g \j_ Al Hx [(BARO+ GAS/101.32 kPax (294.26°KTEMP)]
any time in excess of 145 min as off-test time counted against 1)
the 2-h limit for the first interval listed in 11.1.7.

11.1.8 Shut down the power section; immediately move thewhere:
piston to TDC on the compression stroke, and drain theSLH
crankcase and oil heater for 10 min. Replace or clean the filteALH
screen in the Racor filter. An alternate method of having twogﬁgo
Racor filters is allowable, one used for run-in and flush and
another for test. TEMP

11.2 Test Operating Conditiors Throughout the remainder
of the test, operate the power section under the conditions
shown in Table 2.

off-gas, standard L/h,

actual measured off-gas, L/h,

barometer reading, kPa,

gage pressure at inlet of the off-gas measuring
device, kPa, and

temperature at the inlet of the off-gas measuring
device, °K.

11.4.1.1 Adjust the rocker cover air control valve as needed

. . i . to achieve 850+ 28 SLH off-gas.
11.2.1 Downtime During the 40-h Test Conditier®uring .
the first 10-h of test conditions only one shutdown or one 11.4.1.2 Observe and record the rocker cover air flow

emergency shutdown is allowed and the total off-test time shaﬁeadlng in SLH after the off-gas flow has been adjusted to 850

: + 28 SLH off-gas.
not exceed 2 h. During the 40-h test, no morentitah of ; . :
off-test time are allowed. During the 40-h of test conditions no 11.4.2 Blowby is the difference between the standardized

more than two emergency shutdowns are allowed and no mOI%ff-gas flow measurement and the standardized rocker cover

airflow measurement.
than four total shutdowns are allowed.
11.2.2 Warm-up ScheduleCharge the power section with 11.5 Unscheduled ShutdownsThere are no scheduled

1660 mL of fresh test oil. Prior to starting the engine and an);hutdowns during the 40-h at test conditions. Whenever

restart during the 40-h test, perform the oil priming IOrocedureunscheduled shutdowns become necessary, if possible, follow

in Annex A7. Start the engine and bring engine speed up t&1'5'.%j' If dunable to follow hli'f'l’ the shutdown shall be
3150r/min. Follow the schedule in Table 3. When restarting th&ONSIdered an emergency snutdown.

power section after any unscheduled or emergency shut down£5%)10'5/'1 .Tl]fm fg the o_lll_hheatet( and idle tthe pov;ger iectlofrlhat
start the warmup at the oil gallery temperature recorded whe r/min for 10 min. (This action prevents overheating of the

the engine is re-started and adjust the heater wattage 8|1I in the heater.) Allow the rocker cover fresh air input to

temperature set point, in accordance with Table 3. For examplé‘?maIn on. T“”? off the ignition to stop the engine. It is als_o
acceptable to disconnect the fuel supply and allow the engine

if the oil gallery temperature is 123.9 °C when the engine is_". . P ;
restarted,gset t?]/e waFr)m-up condition at 1900W or 132.29°C fgfo idle to a stop before turning off the ignition. Move the piston

. . TDC on the compression stroke.
10 min as shown in Table 3. The warmup shall proceed fro 0 . : . o
this point and continue with the required steps in Table 3. 11.6 Oil Sampling and Oil Addition-After 10, 20 and 30-h

11.3 Air-Fuel Ratio and Spark AdvaneeRecord and ad- at test conditions, take oil purge, take oil samples and make

just, if necessary, the air-fuel ratio and spark advance at h 1, 13,dd't'°ns as directed in the followm_g segﬂ_ons.
20 and 30. This is the minimum requirement. Additional 11.6.1 Purge 60.0 mL of the engine oil into a beaker.
readings are permitted. When determining the air-fuel ratio 11.6.2 Take a 180.0 mL samp!e_ (same Ioca_tlon as purge).
using the exhaust gas analysis measured by the calibrated11'6.'3. Add 240.0 mL of new oil into the engine along with
electronic method, utilize Table A12.1 in Annex A12. the ongma! purge (60.0 mL).

11.4 Rocker Cover Air, Off-gas, and Blowby Measurement 11.7 Periodic Mea;uremerrts -

11.4.1 Adjust the rocker cover air control valve as needed tg 11.7.1 Record, using the data log sheet shown in Fig. X3.2,
achieve 850+ 28 standard L/h (SLH) off-gas. Observe and th€ following data hourly:

record the rocker cover air flow reading in SLH after the 11.7.1.1 Engine speed, r/min,
11.7.1.2 Engine load, kW,

11.7.1.3 Fuel flow, kg/h,
11.7.1.4 Qil gallery temperature, °C,
11.7.1.5 Qil heater input, W, (only if used to control

TABLE 3 Power Section Warm-up Schedule

Time, min TOt;IirgiTe’ Heater Wattage® Temperature Set Point® ’[emperature),
H o
15 15 1000 101.7°C 215°F) 11.7.1.6 Jacket inlet coolant temperature, COZ
10 25 1300 112.8°C (235°F) 11.7.1.7 Jacket outlet coolant temperature, °C,
13 ig iggg 13328 g?gg 11.7.1.8 Qil pressure, kPa,
15 60 2200, if needed  135.0 or 143.3°C (275 or 11.7.1.9 Crankcase vacuum, kPa,
290°F)C 11.7.1.10 Exhaust back pressure, kPa,
A Steady-state test time does not include warm-up time; rather, it begins only 11.7.1.11 Intake air temperature, °C,
wh;E_tEe sEecified oil gallery temperature is reachgd. | . o 11.7.1.12 Intake manifold vacuum, kPa,
ither heater wattage or temperature set point control may be use or
warm-up operation. 11.7.1.13 Crankcase off-gas, SLH,
€ As appropriate from test oil viscosity grade. See Table 2 11.7.1.14 Rocker cover fresh. air. flow,ﬂ,ﬁﬁu ments
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11.7.1.15 Blowhy, L/h. 12.1.1 Determine the kinematic viscosity of the new oil and
11.7.2 Record the following data at test hours 1, 10, 20 and0 h sample at 40 and 100 °C.

30: 12.1.2 Determine the viscosity stability of a multiviscosity-
11.7.2.1 Air-fuel ratio, and, graded oil by measuring the stripped viscosity of a 10-h sample
11.7.2.2 Spark advance. of used oil. See Annex Al4 for the specified measurement

11.8 Final Drain and Oil Consumption ComputatierAt ~ method.
the completion of the 4Dtest hour, shut down the engine (see 12.2 Test Bearing Weight Loss Determinatieikecord, in
11.5). Immediately move the piston to TDC on the compresilligrams, the weights of the top and bottom connecting rod
sion stroke, and drain crankcase, Racor filter and oil heatetest bearing halves withi4 h of conclusion of the test. If this
Leave the rocker cover air supply on and remove the breathdletermination is delayed longer than 4 h, the test is invalid.
tube to ensure a proper drain. Measure and record the amou@tean each test bearing half, as described in Annex A9, before
of oil drained. The maximum allowable oil consumption is 778Weighing. Determine the weight loss of the bearing to the
mL. nearest 0.1 mg by subtracting from the initial weights recorded
11.9 Operational Validity Criteria—The test laboratory is Prior to power section run-in. _ _
responsible for determining and documenting the operational 12.2.1 If applicable adjust the total bearing weight loss,
validity of every engine test. In order for a test to be acpordlng to the p_rocgdure in Annex A5. Record the severity
operationally valid, the deviation percentage criteria defined idjustments (SA) in Fig. A16.4.
11.9.1 shall be met. In addition, the test stand, test operatio 3. Report
and test build-up shall conform with the published procedurel ™ ] ] o
standard. 13.1 The forms required for inclusion in the test report are
11.9.1 Deviation Percentage-Calculate the deviation per- presente_d in Annex A16. Editorial conventions concerning_ the
centage using the equation: preparation of standard report forms shall be determined
through contact with the TMC.

DP=I§ [%x%] % 100 @ 13.2 Use Forms 1, 2, 4, 5, 6, 7, and 8 (see Figs. A16.1,
i=1lY Al16.2, A16.4, A16.5, A16.6, A16.7, and A16.8 respectively)
where: for initial transmission of reference oil test results to the TMC.
DP = deviation percentage, - . 14. Precision and Bias
M; = magnitude of test-parameter deviation from specifi- o L o . )
cation limit at occurrence, 14.1 Precision—Test precision (that is, intermediate preci-
R = test parameter specification range, sion and reproducibility) is established on the basis of refer-
T. = length of time that test parameter was outside of ence oil test results (for operationally-valid tests) monitored by
specification range at occurrenie the TMC. The limits, including standard deviations, are given
n = number of times that a test parameter deviated fromin Table 4. They were computed by the TMC from test results
test specifications limits, and obtained on TMC reference oils 704-1 and 1006 and apply as
D = test or test-phase duration in same unitdas of June 10, 2000. Respective precision limits were obtained by

. . multiplying respective standard deviations by 2.8.
Note 3—T, is assumed to be no less than the recorded-data-acquisition . - .
frequency unless supplemental readings are documented. 14.1.1 Intermediate .PreC|S|on (I.LR)>The difference be-
_ _ _ ~ tween two results obtained by the same operator or laboratory
11.9.1.1 Invalidate any tests exceeding the following deviaon the same oil using the same test method that would, in the

tion percentages: long run, in the normal and correct conduct of this test method,
(a) Primary Test Parameters (2.5 %) exceed the limits shown in Table 4 in only one case in twenty.
(1) Fuel flow, 14.1.2 Reproducibility (R}~The difference between two
(2) Crankcase off gas, single and independent results obtained by different operators
(3) Oil gallery temperature, working in different laboratories on the same oil using this test
(4) Coolant out temperature, method that would, in the long run, in the normal and correct
(5) Coolant delta temperature, and conduct of this test method, exceed the limits shown in Table
(6) Oil pressure. 4 in only one case in twenty.
(b) Secondary Test Parameters (5.0:%) 14.2 Bias—Bias is determined by applying an acceptable
(1) Speed statistical technique to reference oil test results. When a
(2) AFR, . N
(3) Spark advance TABLE 4 Reference Oil Test Precision Limits
, Variable S.e I.P. Sp R
(4) Exhaust pressure, and Bearing weight loss, mg 3.87 10.84 3.87 10.84
(5) Crankcase vacuum. Stripped viscosity, cSt at 100°C 0.15 0.42 0.18 0.50
11.10 Test Completior-Defined the end of test (EOT) time
as 25 min after the 40test hour. Note—Legend: . .
Sip = intermediate precision standard deviation
I.P. = intermediate precision
12. Determination of Test Results Sk = reproducibility standard deviation
. . R = reproducibility
12.1 Oil Sample Analysis e Documents
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significant bias is obtained, a severity adjustment is permitted6. Keywords
for non-reference oil test results. Contact the TMC for TMC

Memo 94-200 (Lubricant Test Monitoring System Document).b 16.1 bearing weight loss; CLR oil test engine; copper-lead

earings; engine oil; oil consumption; Sequence VIII test;
15. Use of ASTM Rounding shear stability
15.1 Follow Practice E 29 (6.4— 6.5) guidelines for round-
ing of test results, operational parameters, and engine build-up
measurements.
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