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Standard Test Method for
Evaluation of Automotive Engine Oils in the CRC L-38
Spark-Ignition Engine *!

This standard is issued under the fixed designation D 5119; 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.

This standard has been approved for use by agencies of the Department of Defense.

INTRODUCTION

The test method described in this standard can be used by any properly equipped laboratory without
the assistance of anyone not associated with that laboratory. However, the ASTM Test Monitoring
Center (TMC¥ offers a very valuable service to a 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 U.S.
Army imposes such a requirement, in connection with several Army lubricant 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 A4).

1. Scope 1.2 The two measures of engine deterioration used in this
1.1 This engine oil test method covers the evaluation of€St method are (1) weight loss of copper-lead bearings used in
automotive engine oils (SARrades 5W 10W, 20, 30, 40, and the test power section, and (2) varnish and sludge deposits on
50, and multiviscosity grades) intended for use in eithefPOWer section parts. _ o o
spark-ignition gasoline engines, or in diesel engines. The test 1.3 The two measures of oil deterioration used in this test
procedure is conducted using a carbureted, spark-ignitiof*ethod are (1) the change in the acid number of the oil, and (2)
Cooperative Lubrication Research (CLR) Oil Test Engineth€ change in the viscosity of the oil during the test period.
(referred to as the L-38 engine in this test method). An oil is 1.4 Correlation of test results with those obtained in auto-
evaluated for protection against engine and oil deterioratiofOtive service has not been established. Furthermore, the
under high-temperature, heavy-duty service conditions. ThEesults obtained in this test method are not necessarily indica-

test method can also be used to evaluate the viscosity stabiliff/e@ Of results that will be obtained in a full-scale automotive
of multiviscosity-graded oils. Spark-ignition or compression-ignition engine, or in an engine

operated under conditions different from those of the test
method. The test can be used to compare one oil with another.

This test method is under the jurisdiction of ASTM Committee D02 on NOTE 1—Companion test methods used to evaluate engine oil perfor-
Petroleum Products and Lubricantsand is the direct responsibility of SubcommitteBance for specification requirements include the following current ver-

D02.B0.01on Passenger Car Engine Oils. sions of single-cylinder and multicylinder engine tests:
Current edition approved June 10, 2002. Published September 2002. Originally ASTM STP 509A, Single Cylinder Engine Tests for Evaluating the
published as D 5119-90. Last previous edition D 5119-99. Performance of Crankcase Lubricarts

The procedure, originally developed by the Coordinating Research Council, was  Part |, Caterpillar 1G2 Test Method

published as Federal Test Method 3405.2, Oxidation of Crankcase Lubricating Oils  pgrt || Caterpillar 1H2 Test Method

(L%gTEer;?'&?t'ht%n' In 1980, it was publishedASTM STP 509/Part IV Labeco ASTM STP 315H, Multicylinder Test Sequences for Evaluating Engine
2 ASTM Test Monitoring Center, 6555 Penn Ave., Pittsburgh, PA 15206-4489.0"54

This edition includes all Information Letters through No. 31.
3 Available from Society of Automotive Engineers (SAE), 400 Commonwealth

Dr., Warrendale, PA 15096-0001. 4 Available from ASTM International Headquarters.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Part 1, Sequence IID Measurement of Main Bearing Clearance Annex A3
Part 2, Sequence IIID The ASTM Test Monitoring Center Calibration Program Annex A4
Part 3, Sequence V-D Data Log Sheets Annex A5
ASTM Research Report RR:D02-1225 Sequence IIIE, MulticylinderMeasurement of Piston-to-Sleeve Clearance Annex A6
Test Sequence for Evaluating Automotive Engine Dils Control Chart Techqu_Je for a ITaboratorys Severity Adjustment (SA) Annex A7
ASTM D02 Proposal P212, Proposed Test Method for VE TestRecom.men.de.d New Liner Honing Procedure Annex A8
! L-38 QOil Priming Procedure Annex A9
Proceduré Alternative Crankcase Breather Configurations Annex A10
Also, see Engine Oil Tests—SAE J304 for details on these and othetonnecting Rod Bearing Cleaning Procedure Annex A1l
engine oil test methods. L-38 Electronic Ignition Conversion Procedure Annex A12
.. . System Response Procedure Annex A13
1.5 The values stated in inch-pound units are to be regardeg-ruel ratio Measurement Annex A14
as the standard; except for the case of bearing weight measuress Engine Evaluation Report Forms Annex A15

ments, for which the unit is milligram; and except for viscosity gﬁ;gpzftizgjginy Measurement Procedure pnnex e

measurements, for which the temperatures of measurement &{&e of the ASTM Test Monitoring Center and the Calibration Pro-  Appendix
expressed in °C (degrees Celsius). Sl values are given igiam ‘ . XL
parentheses. In cases where materials, products, or equipméHjfeested Method for Salvaging Camshaft Bearing Journals fybpendix
are available only in inch-pound units, Sl units are omitted.

1.6 This standard does not purport to address all of the2. Referenced Documents
safety concerns, if any, associated with its use. It is the 51 ASTM Standards:

responsibility of the user of this standard to establish appro- p5g Test Method for Flash Point by Tag Closed Cup
priate safety and health practices and determine the applica-  yggtef

bility of regulatory limitations prior to use. _ D 86 Test Method for Distillation of Petroleum Products at
1.7 This test method is arranged as follows: Atmospheric Pressufte
roduct Section D 156 Test Method for Saybolt Color of Petroleum Prod-
ntroauction
Scope 1 ucts (Saybolt Chromometer Methdd)
Referenced Documents 2 D 235 Specification for Mineral Spirits (Petroleum Spirits)
Terminology 3 (Hydrocarbon Dry Cleaning Solvent§)
Summary of Test Method 4 .
Significance and Use 5 D 287 Test Method for API Gravity of Crude Petroleum and
Apparatus 6 Petroleum Products (Hydrometer Methdd)
Test Engineering, Inc. 61 D 323 Test Method for Vapor Pressure of Petroleum Prod-
Fabricated or Specially Prepared Items 6.2 ucts (Reid Methoc?)
Instruments and Controls 6.3
Procurement of Parts 6.4 D 445 Test Method for Kinematic Viscosity of Transparent
R t d Material 7 i i
T:satggirI] ;aar:ple ;sgjirsements 8 and Opaque LIQUIdg .
Preparation of Apparatus 9 D 664 Test Method for Acid Number of Petroleum Products
Test Stand Preparation _ 9.1 by Potentiometric Titratioh
Conditioning Test Run on Power Section 9.2 D 974 Test Method for Acid and Base Number by Color-
General Power Section Rebuild Instructions 9.3 . . . ﬁ
Reconditioning of Power Section After Each Test 9.4 Indicator Titratio
Calibration - 10 D 1093 Test Method for Acidity of Hydrocarbon Liquids
E‘;‘gﬁ:niigt‘l’:nagglﬁilﬁand Calibration ig-; and Their Distillation Residués
Engine Operating Procedure 1 D 1133 Test Method for Kauri-Butanol Value of Hydrocar-
Run-In and Flush 1.1 bon Solvent%o
'T”et;r’g‘;‘:gﬁnieé‘gr’:gn‘i’gﬁ'sgh‘ Loss Checks ﬁ; D 1250 Guide for Petroleum Measurement Tables
Warm-up Schedule 14 D 1298 Test Method for Density, Relative Density (Specific
Air-Fuel Ratio and Spark Advance 115 Gravity), or API Gravity of Crude Petroleum and Liquid
gﬁﬁi‘zgvcv;"’:r: (f'gfg;gﬁ%fg;i‘:gby Measurement ﬁ? Petroleum Products by Hydrometer Methbd
0il Sampling and Oil Addition e D 1353 Test Method for Nonvolatile Matter in Volatile
Oil Consumption Computation 11.9 Solvents for Use in Paint, Varnish, Lacquer, and Related
Periodic Measurements 11.10 Productéo
Determination of Test Results 12 . . . . .
Report 13 D 2422 Classification of Industrial Fluid Lubricants by
Precision and Bias 14 Viscosity Systerﬂ
Use of ASTM Rounding 15
Keywords 16
Annexes
Specification for Soltrol 1078 Annex ALl ) ) .
Measurement of Connecting Rod Bearing Clearance and Journal ~ Annex A2 “Soltrol 10 is a registered trademark of Phillips Petroleum Company. The sole
Taper source of supply of test fuel blend of Soltrol 10 and tetraethyllead known to the

committee at this time is Phillips Petroleum Company, Special Products Service
Center, Drawer “O,” Borger, TX 79007.
81f you are aware of alternative suppliers, please provide this information to
ASTM International Headquarters. Your comments will receive careful consider-
5 Supporting data have been filed at ASTM International Headquarters and magtion at a meeting of the responsible technical committeenich you may attend.

be obtained by requesting Research Report RR:D02-1225. ® Annual Book of ASTM Standardgol 05.01.
¢ Order SAE Handboolk/ol 3, from SAE, 400 Commonwealth Drive, Warren- 10 Annual Book of ASTM Standardgol 06.04.
dale, PA 15096-0001. This standard is not available separately. ** Annual Book of ASTM Standardgol 05.04.
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D 2509 Test Method for Measurement of Load-Carryingproducts, that does not drain from engine parts but that can be

Capacity of Lubricating Grease (Timken Methdd) removed by wiping with a soft cloth (see 3.1.7).
D 2699 Test Method for Research Octane Number of 3.1.7 varnish, n, in an engine-a hard, dry, generally
Spark-Ignition Engine Fuét lustrous, oil-insoluble deposit, sometimes called lacquer, that
D 2700 Test Method for Motor Octane Number of Spark-cannot be removed by wiping with a soft cloth (see 3.1.6).
Ignition Engine Fuéf 3.1.8 wear, n—the removal of metal from the test pieces by
D 2782 Test Method for Measurement of Extreme-Pressura mechanical or chemical action, or by a combination of
Properties of Lubricating Fluids (Timken Methdd) mechanical and chemical actions (from Test Method D 2509

D 3120 Test Method for Trace Quantities of Sulfur in Light and Test Method D 2782).
Liquid Petroleum Hydrocarbons by Oxidative Microcou- 3.2 Definitions of Terms Specific to This Standard:

lometry'3 3.2.1 accessory casar—the mounting base containing the
D 4175 Terminology Relating to Petroleum, Petroleumbalancing mechanism, flywheel, and final driveshaft for the
Products, and Lubricant$ power section of the L-38 engine (see 6.1.1).
D 4485 Specification for Performance of Engine &ils 3.2.2 build-up oil, —noncompounded ISO VG 46 (SAE
E 29 Practice for Using Significant Digits in Test Data to 20) oil*® used in lubricating the power section parts during
Determine Conformance with Specificatidfis assembly.
E 270 Terminology Relating to Liquid Penetrant Inspec- 3.2.3 calibrated L-38 power section/test stand combination
tion® n—one that has completed an operationally valid reference oil
2.2 Coordinating Research Council Motor Rating Method test within the previous six months, the results of which fall
Manuals: within industry severity and precision limits as published by
No. 12, Sludge Rating Manu4l the TMC.
No. 14, Varnish Rating Manu 3.2.4 conditioning test runn—a full-length L-38 test using
2.3 Military Specification: a TMC-designated reference oil in a new or newly rebuilt
MIL-L-2104E, Lubricating Oil, Internal Combustion En- power section to prepare the cast iron parts before conducting
gine, Tactical Servicé routine standard tests with the power section.
2.4 SAE Standards: 3.2.5 emergency shutdown—the procedure for turning off
J183, Engine Oil Performance and Engine Service Classifithe engine’s ignition without using the prescribed engine
cation (Other Than “Energy-Conserving”) cool-down period.
J304, Engine Oil Tests 3.2.6 full-length L-38 test n—a test of an engine oil
, conducted using a power section and a test stand, for a total
3. Terminology time period of 44- h, including an initial 4-h run-in, &2-h
3.1 Definitions: flush, and four 10-h test intervals (steady-state operation).

3.1.1 blind reference ojln—an oil supplied by an indepen-  3.2.7 off-gas n—gas exiting the power section crankcase
dent source for calibration purposes and designated by a codeeather.
that gives no indication of the oil's performance characteristics 3.2.8 off-test time n—any time that the engine is not
to the laboratory running the test. operating at the prescribed test conditions (see Table 1).
3.1.2 blowby, n—see Terminology D 4175. 3.2.9 oil gallery side cover platen—crankcase cover plate
3.1.3 corrosion n—the chemical or electrochemical oxida- that contains the oil gallery and provision for mounting and
tion of the surface of metal, which can result in loss of materialdriving the oil pump and ignition contact breaker assembly.
or accumulation of deposits (from Terminology E 270). 3.2.10 operationally valid testn—an L-38 engine oil test
3.1.4 noncompounded engine oil—a lubricating oil hav-  that has been conducted in accordance with the conditions
ing a viscosity within the range of viscosities of oils normally listed in this test method.
used in engines, and that may contain anti-foam agents or pour 3.2.11 power sectionn—the combination of the crankcase
depressants, or both, but not other additives. assembly, the cylinder block assembly, and the cylinder head
3.1.5 oxidation, n, of engine o#-the deterioration of the oil, assembly, all of which are attached to the accessory case (see
which is observed as increased viscosity, sludge formatiorfig. 1).
varnish formation, or combination thereof, as a result of 3.2.12rebuilt power sectionn—an engine power section
chemical and mechanical action. that has been disassembled, cleaned, and reassembled using a
3.1.6 sludge, n, in an engire-a deposit, principally com- new crankcase, in accordance with the procedures in the
posed of engine oil and fuel contaminants and oxidatiorassembly manudP
3.2.13 reconditioned power sectipm—an engine power

- section that has been disassembled, cleaned, and reassembled
12 Annual Book of ASTM Standardgol 05.05.

13 Annual Book of ASTM Standardgol 05.02.

14 Annual Book of ASTM Standartdgol 14.02. e

15 Discontinued; se@991 Annual Book of ASTM Standarisl 03.03. Replaced 8 Noncompounded oil ISO VG 46 (SAE 20) (see Classification D 2422) is

by E 1316. available through the Mobil Oil Corp. (designated EF-411), P.O. Box 66940, AMF
16 Available from Coordinating Research Council, Inc., 219 Perimeter Ctr. O'Hare, IL 60666, Attention: lllinois Order Board. Ask for P/N 47503-8.

Pkwy., Atlanta, GA 30346. 19 Refer tolnstructions for Assembly and Disassembly to CLR L-38 Test Engine
17 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,available from Test Engineering, Inc., 12718 Cimarron Path, San Antonio, TX

Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098. 78249.
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TABLE 1 Test Operating Conditions 4. Summary of Test Method
ltem Setting 4.1 Before every L-38 engine oil test, the power section of
Spegtthr/min 3150 *+ 25 the CLR Oil Test Engine (see 6.1.1) is thoroughly cleaned, and
Loa p Adjust load to provide proper fuel ; i
flow at specified air-fuel ratio. power section parts are measured. A new piston, a complete set
Fuel flow, Ib/h 4.75 = 0.25 (2.15= 0.11 kg/h) of new piston rings, a set of new copper-lead connecting rod
Air-fuel ratio 14.0 = 05 test bearing inserts (from a batch approved by the ASTM
+ + 1° . B
Jaﬁ:ﬂp‘;ﬂf&;"ffnt 200 = 2(93.5 = 1°C) D02.B0.02 L-38 Test Surveillance Panel), and other specified
Difference between jacket 10 = 2 (5.6 = 1°C) nonrated parts, as required, are installed.
Igletland jacket outlet . 4.2 The power section is installed on a test stand.
oolant temperatures, ° . . g . .
Gallery oil temperature, °F 4.3 _The engine is first operated fo¥2h in accordance with
SAE 10W 275 + 2 (135 + 1°C) a run-in-and-flush schedule.

SA'Z 2dO’ _?0’ 40, 50, and multiviscosity- 290 =+ 2 (143.5x 1°C) 4.4 The engine is then operated for four 10-h intervals under
gradead olls . g o . . .
Spark advance, “BTDC 35+ 1 specified conditions. At the end of each interval, the engine is
Oil pressure, psi 40 = 2 (276 + 14 kPa) shut down; and the test lubricant is drained from the power
(E"«ff]“kcilsbe Vscuumv in. HzOH (2) ti 2'?0(5ngk1§0) Pa) section, weighed, sampled, and (except at end of test) returned

Xhaust back pressure, In. Ag (0) to 3. a . . .
Crankcase off-gas, SCFH 30 & 1 to the power section for continuation of the test. _
Blowby, SCFH record 4.5 The acid number of the four lubricant samples is

determined, and the oil consumption for each of the four 10-h
intervals is calculated. (To meet the shear stability require-
ments of military specification MIL-L-2104, the stripped
in accordance with the detailed procedures found in theviscosity of multiviscosity-graded oils is determined at the end
assembly manudP After completion of either a conditioning of the first 10-h interval, in accordance with the procedure in
test run or a full-length L-38 engine oil test. paragraph 4.6.2 of that specification.)

3.2.14 reference oil testn—a standard L-38 engine oil test 4.6 At the completion of the test, the connecting rod bearing
of a reference oil designated by the TMC, conducted to ensureeight loss is determined; and the piston, tin-plated covers (see
that power section and test stand severity falls within industrys.2.8), and other internal power section parts are rated for
limits. sludge and varnish formation.

3.2.15run-in and flush n—the initial 472-h operation of a o
new, rebuilt, or reconditioned power section at the beginning oP- Significance and Use
either a conditioning test run or a full-length test. 5.1 This test method is used to evaluate automotive engine

3.2.16 scheduled downtime—off-test time that is specifi- oils for protection of both gasoline and diesel engines against
cally allowed to include warm-up and cool-down periods asbearing weight loss and deposit formation.
well as shutdown and intermediate bearing weight loss mea- 5.2 The L-38 engine oil test method is also used to evaluate
surements. the deterioration of the oil in terms of changes in acid number

3.2.17 shutdown n—the procedure for turning off the en- and viscosity.
gine’s ignition following the prescribed engine cool-down 5.3 Correlation of test results with those obtained in auto-
period. motive service has not been established.

3.2.18 standard testn—an operationally valid, full-length 5.4 The L-38 engine oil test is used in specifications and
L-38 test conducted with a calibrated power section and testlassifications of engine lubricating oils, such as the following:
stand in accordance with the conditions listed in this test 5.4.1 Specification D 4485,
method. 5.4.2 Military Specification MIL-L-2104, and

3.2.19 stripped viscosity n—the viscosity of the test oil ~ 5.4.3 SAE Classification J 183.
after removal of volatile components and solids, in accordance
with the procedure in military specification MIL-L-2104, 6 Apparatus
paragraph 4.6.2. 6.1 Test Engineering, Ine= The documentnstructions for

3.2.20 test oil n—an oil subjected to an L-38 engine oil test. Assembly and Disassembly of the CLR L-38 Test Efgine

3.2.20.1Discussior—It can be any oil selected by the provides detailed parts listings, modification instructions,
laboratory conducting the test. It could be an experimentafssembly/disassembly instructions, maintenance procedures,
product or a commercially available oil. Often, it is an oil that and parts replacement requirements. The following is a de-
is a candidate for approval against engine oil specification§criptive listing of some of the test engine and associated parts.
(such as manufacturers’ or military specifications,and so forth). 6.1.1 Test Engine-Obtain the Cooperative Lubrication Re-

3.2.21 test standn—the engine accessory case connected t¢€arch (CLR) Oil Test Engine from Test Engineering, Inc.
a dynamometer, both mounted to a suitable foundation (such 4§E)**. The test engine is known by various designations,
a bedplate) and equipped with suitable supplies of electricitysuch as the CLR engine, or the L-38 engine (as used in this test
compressed air, and so forth, to provide a means for mounting'ethod). It is comprised of two principal units, the power
and operating a power section in order to conduct an L-38
engine oil test. -

3.2.22 test start n—introduction of test oil into engine. 20 Test Engineering, Inc., 12718 Cimarron Path, San Antonio, TX 78249.
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FIG. 1 Sectional View of L-38 Engine Power Section

section and the accessory case. See Fig. 1 for a sectional view TABLE 2 Miscellaneous Parts
of the power section. The power section is a single-cylinder, Part Name Labeco Part
spark-ignition unit with 3.80-in. (96.5-mm) bore and 3.75-in. Number
(95.2-mm) stroke, displacing 42.5 7(0.696 L). Bes”ggfti —_ 6252
6.1.2 Test Bearing-A copper-lead connecting rod bearing, camanatt bearng 82917
Part No. 100034-1, from a batch approved by the ASTM L-38 undersize main bearing 8252-US
Test Surveillance Panel. gafbtfemf ol val g;;g
6.1.3 Test Engine CrankshaftObtain a crankshaft for the iqronmr oo ove 100003.1
L-38 test engine, Labeco Part No. 100039-1, from Labeco. IExtemal oil heater 2430-B
desired, the crankshaft may be refinished in one of théi fiter element 3105%
. . Qil filter housing 100023-14
fO”OVVmg two ma_nners. . . . Oil filter housing bracket 97464
6.1.3.1 The oil seal and main bearing journals may bespark plug? 3129
refinished by welding material to the journals and regrindingTh/:‘:j;\iﬁ’;*fnhi;S%shaﬁ hrust washer 8405
the journals to the original specifications. The connecting rod gappit crankshatt thrust washer 8292
journal shall not be refinished using this method. Water pump 12535-A

6.1.3.2 The crankshaft may be refinished by chrome plating 4 or equivalent. (A Fram HPK2 il filter adapter and PH8A spin-on oil filter may
the oil seal, connecting rod bearing, and main bearing journalde substituted.)
L : . . B Champion H-8-J or H-10 or equivalent is suitable.
When refinishing a crankshaft using this method, all journals
listed shall be chrome platéd?!

6.1.3.3 For tests conducted using a crankshaft refinished by g 5 5 crankcase Ventilation SystenFig. 3 is a schematic

either of the two methods listed above, a note shall be placegs o required configuration of the crankcase ventilation
in the test report stating that a refinished crankshaft was us§fo,surement and control system.
and also stating the method by which it was refinished. 6.2.2.1 Fabricate the air-tight rocker cover air and off-gas
6.14 M|§cellaneous Pa_rt&See Table 2. condensate trap/surge tank shown in Fig. 3, with provisions for
6.2 Fabncatgd or Spemally Prepared Iltems i .. draining and cleaning. The volume of the rocker cover air tanks
6.2.1 A typical L-38 engine test stand configuration isgpa| e from 0.13 to 0.2031 to 1.5 gal) (3.79 to 5.68 L). The
shown in Fig. 2. volume of the off-gas tank shall be from 1.34 to 1.6%10 to
12 gal) (37.85 to 45.42 L). Fabricate both tanks from non-
21 The sole source of supply of crankshaft refinishing by chrome plating knowncorrOSive material. Locate. the tanks as shown ir.] Fig. 3
to the committee at this time is OH Technologies, Inc., P.O. Box 5039, Mentor, OH, 6.2.2.2 Rocker Cove_r Air FIQW_Me_asure the air flow into
44061-5039. the rocker cover by using a Sierra Side Track model 830 flow
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side cover (see Fig. 6) of the engine power section. Fig. 5
shows an alternative configuration.
6.2.2.6 Crankcase Off-Gas FlowMeasure the crankcase

off-gas flow by using a Daniels Honed Orifice Flange Flow
Section, Model H1905% in..2 27 with orifice plate, F-150/4

& in., and a Rosemount differential pressure transducer, Model
No. 1151DP-3-S-22-D1B228 Mount the flow section hori-

o zontally. The transducer may be set upsgsiare root extract-

o

—

ing to aid in interfacing with the readout. Locate temperature

1 and pressure measurement devices at the inlet of the off-gas
~<fi=1 a : } measurement apparatus as shown in Fig. 3.
6.2.2.7 When a closed loop automated control system is
l l employed, use a Badger meter research control valve, Model
No. 1002-TCN36-SVCSA-LN3&324to control the crankcase
vacuum. When using a manual control system instead of the
POCESSORY CASE DORMOETER automated control system, install a manually operated control
I valve to control the crankcase vacuum. Both systems are
FIG. 2 Typical L-38 Test Stand shown in Fig. 3.
6.2.2.8 Use a vacuum aspirator, Model No. JD-9OKP or
a vacuum pump as a vacuum source.

meteP?? capable of measuring 0 to 20 L/min. An optional ¢ .2.3 Qil Filter—Install the oil filter as shown in Fig. 7. Use

0 to 50 standard ¥th (0 to 1420 L/h) may be used for ease of
adjustments; however, take the actual measurements with t
Sierra flow meter. All piping and tubing used to flow air into
th% rzogkgrvc\:/cr)]ver shaIII bedn:)mln%-ltn. I'Dt' d trol ¢ . 6.2.5 Oil Heater—Install the oil heater, as shown in Fig. 8.
o €n a closed 'oop automated control System 'fﬂse suitable hydraulic hose and fittings.

employed, use a Badger Meter research control valve, Mode . )

No. 1002-GCN36-SVCSC-LN382425 to control the rocker ~_ 0:2:6 Power Section Cooling Systedinstall a non-
cover air flow. When using a manual control system instead o ressurized cooling system, as shown in Fig. 9, consisting of a

the automated system, install a manually operated two-wa eat exchanger, water pump, coolant throttling valve, sight
control valve to control the air into the rocker cover. lass, and tower. Use American Standard Schedule 40, or

6.2.2.4 Fig. 4 shows the details of the rocker cover inlet foicguivalenty-in. nongalvanized pipe fittings; apply sealant to

the crankcase ventilation air. Braze one half of¥%ain. the threads during assembly.

(3.2-mm) by ¥e-in. (6.4-mm) brass tubing connector to the 6-2:6.1 Use a water-cooled heat excharigér.

cover as shown. Usks-in. (6.4-mm) stainless steel tubing for ~ 6.2.6.2 Mount the water pump, as shown in Fig. 9; connect

the introduction of filtered shop air to the cover. Cut the end tdt to the output drive shaft of the accessory section. Alterna-

be inserted into the cover at 60° to the vertical, and bend théively, an electric water puniy? which does not require

exposed portion of the tubing as shown. Using a ferrule angonnection to the output drive shaft of the accessory case, may

nut, install the tubing in the connector with the beveled endoe used.

facing the near corner of the rocker cover. Tighten the 6.2.6.3 Install &4-in. gate-type coolant throttling valve on

connector nut securely. the output side of the coolant pump to maintain the specified
6.2.2.5 Construct the off-gas breatf&gs shown in Fig. 5. temperature differential between the coolant flowing into, and

Use American Standard Schedule 40, or equivalent nongalvdhat flowing out of, the power section jacket.

nized pipe fittings. Apply sealant to the threads during assem-

bly. Install the breather in the breather port of the oil gallery

6.2.4 Oil Drain Valves—Locate oil drain valves at points no
gher than the bottom of the oil pan and the vertically
mounted oil heater.

2" The sole source of Daniels flow sections known to the committee at this time
is Daniel Flow Products Inc., Flow Measurement Products Div., P.O. Box 19097,
22The sole source of supply of Sierra Side Track Flow meters known to theHouston, TX 77224.
committee at this time is Sierra Instruments Inc., 5 Harris Court, Bldg. L, Monterey, 22 The sole source of Rosemount transducers known to the committee at this time
CA 93940. is Rosemount Inc., 4001 Greenbriar, St. 150B, Stafford, TX 77477.
23The sole source of supply of Dwyer instrumentation known to the committee  ?° The sole source of Vaccom aspirators known to the committee at this time is
at this time is Dwyer Instruments Inc., P.O. Box 60725, Houston, TX 77205. McKenzie Air Industries, 18523 IH 35 North, Shertz, TX 78108.
24The letter prior to the last dash in the model number defines the trim size. Use 3° Aeroquip s-in. (10-mm) (inside diameter) hydraulic hose has been used
the trim that gives the best system control. successfully to plumb the oil filter and oil heater; select hose of a specification to
25The sole source of Badger valves known to the committee at this time iscover temperatures and pressures encountered in L-38 engine oil testing.
Badger Meter Industrial Div., 6116 East 15th St., P.O. Box 581390, Tulsa, OK 3 A heat exchanger of this type, suitable for this application, is available as
74158-1390. American Heat Exchanger, Part Number 5-030-03014-011, from Compressor
26 Except for the stainless steel wool and screens, parts for the construction of tHeéngineering, 625 District Drive, Itasca, IL 60143.
crankcase breather may be obtained from many commercial sources. The part *2 A water pump suitable for this application is available as TEEL-Part No.
numbers given identify the components available from McMaster Carr, Chicago, ILIP831, from any Grainger national branch location.
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FIG. 3 Standard Crankcase Ventilation System for the L-38 Engine Power Section

6.2.6.4 Install a sight gla®%® (or plastic tube section) tronic ignition system configurations shall be reviewed and
located downstream of the cylinder head to permit detection odpproved by the TMC and the L-38 Surveillance Panel, prior to
air entrainment. use.

6.2.6.5 Fabricate the tower using non-galvanized metal. 6.3 Instruments and Contrals
Make it approximately 8 in. (90 mm) in diameter and 16-in.  6.3.1 Dynamometer-Use a dynamometer and control sys-
(410-mm) long. Fashion a loose-fitting cover for it. Install atem capable of maintaining the specified engine operating test
level gage, positioned to give a mid-scale reading when thgonditions (see Section 11). Speed measurement accuracy of
system is filled. The system must have a minimum capacity of-g 5 o4 of reading, and load measurement accuracy 26

2 gal (7.5L). _ of reading, are required.
6.2.7 Exhaust SystemUse either a water-quenched system g 3 5 F el Elowmeter or Fuel Weigh Systentse a system
or a dry system. with a range from 0 to 10 Ib/h (0 to 4.5 kg/h), and having an

6.2.8 Tin.-PIated Powgr Slection PaﬁsThe followling accuracy of 1 % reading and 0.5 % repeatability.
povi\ier section parr:s a(;e tin p ated,kas supplied by -(l;IEI:I PISION, & 3 3 Ajr-Fuel Ratio Measurement Systerse a system
rocker cover, push rod cover, crankcase cover, and ol pan. .y 4 calibration capability of the equivalent af0.5 air-fuel

6.2.9 Ignition System-A recommended electronic ignition : ;
. S t ber. The foll tabl thods for deter-
system, as illustrated in Figs. A12.1-A12.10, can be used as a:ﬁi:](;{;grznofe;ir-fuil?a(t)i\(l)v'mg are accepiable methods for deter

[ternativ he breaker point ignition m. Other elec- . . .
alternative to the breaker point ignition system. Other elec 6.3.3.1 Electronic exhaust gas analyzer, which is calibrated
using sample gases prior to each measurement. Use the chart in
Annex Al4 to determine the air-fuel ratio.
33A sight glass of this type, suitable for this application, is available as

Gitts—Part Number 3063-27, from Edward Fisher Co., 2118 S. Wabash, Chicago, 6.3.3.2 Individual air- and fuel-flow measurements.
IL 60616. 6.3.4 Pressure Measurement
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FIG. 4 Rocker Cover Air Inlet for Ventilation of the L-38 Engine Power Section Crankcase

6.3.4.1 Crankcase VacuumAs shown in Fig. 3, connecta  6.3.4.4 Oil Pressure—Measure the oil pressure with an
line trap** and an appropriate sensor, such as a manorfid@r, appropriate sensor having an accuracy+& % and a resolu-
the crankcase at the hole above and to the right of the oil heatéion of 1 psi (7 kPa), connected to the point shown in Fig. 6.
inlet hose connection on the oil gallery side cover. See Fig. 6 6.3.4.5 Crankcase Off-gas Inlet PressurdMeasure the
for the location of the crankcase vacuum port. Measurementff-gas air pressure by using a Dwyer Magnehelic, Model No.
resolution of 0.2 in. HO (50 Pa) and 1 % accuracy in the 2320823 or a Sensotec pressure transducer, Model No. TJE-
specified range of 2 0.5 in. H,0 (500= 120 Pa) are required. 756-05%3¢ Convert the measured value to in. Hg for use in

6.3.4.2 Exhaust Back PressureConnect an appropriate off-gas measurement calculation (see 11.6.1). Locate the sensor
sensor to the exhaust back-pressure tap at a point within 4 it the inlet of the off-gas air flow apparatus, as shown in Fig.
(100 mm) of the cylinder head exhaust flange. Sensor accura&;
of =10 % of reading and resolution of 0.1 in. Hg (340 Pa) are 6.3.5 Temperature MeasurementJse only sensors that
required. may be calibrated within 2°F (1°C). Thermocouples are speci-

6.3.4.3 Intake Manifold Vacuum-Measure the intake mani- fied in the following sections. If other thermocouples are used,
fold vacuum at the elbow of the intake manifold by means ofthey shall be of iron-constantan composition, or be shielded to
a sensor having an accuracy of 1 % and a resolution of 0.2 irprevent contact of any copper-containing metal with the test
Hg (680 Pa). oil. Alternative sensors shall be reviewed by the TA4@d the

L-38 Surveillance Panel prior to use.
6.3.5.1 Jacket Coolant TemperaturedJse thermocouples
34 A line trap suitable for this application is available as Meriam Instrument to measure the jacket coolant inlet and outlet temperatures.

Company—Model C2400, Type CG from Scott Fetzer Co., P.O. Box 5177-n,

Cleveland, OH 44193. _—
35 A manometer suitable for this application is available as Part Number °¢The sole source of Sensotec transducers known to the committee at this time

1221-16WM, from Dwyer Instruments, P.O. Box 3, Michigan City, Ml 46360. is Sensotec, Inc., 1200 Chesapeake Ave., Columbus, OH 43212.
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Part # 9226177 Part # 4539K91 <
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FIG. 7 Qil Filter Installation for the L-38 Engine Power Section
3/4 in. x 45° STREET ELBOW (Refer to 11_1_1_)

Part # 4518K24

3/4 in. x 4 in, NIPPLE ——————P»

Part # 4830K196  oE o5 Dene RoER sncngR o o
Note 1—See footnote 19 for a source of the parts numbered as shown.
FIG. 5 L-38 Crankcase Breather Detail
OIL SMP THERMOCOUPLE |~} —— DISTRIBUTOR MOUNT = ] -4
DIPSTICK TUBE .S
k20 1)
><BREATHER PORT J—H (

OIL HEATER
FIG. 8 Oil Heater Installation for the L-38 Engine Power Section

OIL GALLERY INLET PORT (Refer to 11.1.5.)
FIG. 6 Oil Gallery Side Cover for the L-38 Engine Power Section

OIL PUMP OUTLET PORT

o ) Style 5A02P, or a TEIl Part Number 3114, is recommended.
These shall be located within 4 in. (100 mm) of the inlet andThe immersion |ength for these thermocoup|es Fairl (35
outlet bosses on the power section. mm).
6.3.5.2 Sump Oil TemperatureMeasure the sump oil tem- 635 4 Air Inlet Temperature-Measure the air inlet tem-

perature by replacing the dipstick with a thermocouple. Segerature with an exposed thermocouple or thermometer located
Flg 6. ThermO'EleCtrfé37ThermOCOUple Style 502P and TEI at the center of the air tubey]/jn_ (38 mm) above the
Part Number 3113 have been found satisfactory. These thegarburetor air horn.

mocouples have a bayonet length of/dif. (384 mm) from 6.3.5.50ff-gas Inlet TemperatureMeasure the off-gas
shoulder to tip, so that the tip of the thermocouple is in thetemperature with &sin. J-type thermocouple. Position the
same position as the end of the dipstick when it is installed irhermocouple tip in the middle of the air stream and expose no
the power section. more than 2 in. of the sheath to ambient air. Locate the

6.3.5.3 Oil Gallery Temperature-Measure oil gallery tem-  thermocouple at the inlet of the off-gas flow measurement
perature at the front main bearing passage (see Fig. 6). Apparatus, as shown in Fig. 3.

Thermo-Electrié” Thermocouple, either Style 5-A-0732P or 6.4 Procurement of Parts-Obtain information concerning
the CLR Oil Test Engine (see 6.1.1) and parts from TEI. Users
of this test method shall comply with assembly mahtiahd

37 The sole source of the apparatus known to the committee at this time ithe _lateSt supplements (Information Letters and Memoranda)
Thermo-Electric Co., 109 N. 5th St., Saddle River, NJ 07662. available from the TMC.
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7.2.7 Piston Ring AssembltUse a Dana/Perfect Circle
) TR sram ass piston ring assembly, Part Number 41274, in the L-38 test
engine®4!
7.3 Power Section CoolantUse deionized or distilled
<Yy —ftp water for the power section coolant, plus a suitable inhibitor
such & 4 fl oz of Pencool 2000/gal (31 mL of Pencool
" Bt E 2000/L)84? Such water purchased from a commercial source is

S O
I C suitable.
¢ : 7.4 Reference Oils-Tests are conducted periodically on
reference oils supplied by the TMC to document the test
2yt ; @ severity of a given power section and test stand, and the overall

operation of the test. Approximately 2 gal (8 L) of reference oil

=

is required for each reference test.

Z)WA{mm // 7.5 Test Fuel-The test fuel YWarning—Flammable.
%) R Ay iy LI Health hazard.) is Soltrol Z&to which is added 2.95 to 3.05
GATE TYPE mL tetraethyllead (TEL)/U.S. gal (0.779 to 0.806 mL/L)

FIG. 9 Cooling System for L-38 Engine Power Section (Warning—TEL is extremely toxic. Do not attempt to procure

or handle TEL.) The specification for Soltrol 10 is given in

) Annex Al.
7. Reagents and Materials
7.1 Cleaning Materials 8. Test Oil Sample Requirements (see 3.2.14)
7.1.1 Abrasive Paper400-, 600-, 800-grit, wet or dry. 8.1 Selectior—The sample of test oil shall be representative
7.1.2 Crocus Cloth of the lubricant formulation being evaluated and shall be
7.1.3 Organic Solvent-Penmul L460%% (Warning— uncontaminated. , L ,
Combustible. Health hazard.) 8.2 Inspectior—New oil sample baseline inspection re-

quirements are described in 12.1.
8.3 Quantity—At least 13 Ib (6 kg), approximately 7.25 qt
ard.) (7 L), of fresh oil is required to complete the test. It is
' recommended that a test laboratory have 14 Ib (6.5 kg),

7.1.5 Steel WogINo. 0. o approximately 2 gal (8 L), of oil on hand when starting a test,
7.1.6 Stoddard SOIVent39 SpeCIflcatlon D 235, Type | to allow for inadvertent losses.

(Warning—Combustible. Health hazard.).
7.1.7 Tap Water heated to between 150°F to 180°F (66°C t0o9. Preparation of Apparatus

7.1.4 Pentane (SolventP@9 + %, high-performance liquid
chromatography gradeWarning—Flammable. Health haz-

82°C). . 9.1 Test Stand Preparation
7.2 Expendable Power Section-Related Items 9.1.1 Instrumentation Calibratioa-Check the calibration
7.2.1 Copper-Lead Test Bearings of temperature sensors, flowmeters, pressure sensors, and

7.2.2 Sealing CompoundsOnly use approved sealing dynamometer load indicator as required by the type of instru-
compounds, including pipe thread compound and gasket cénentation being used. Details on calibration, of both power
ment#° (Warning—A change of sealing compound for power section and test stand, and of instrumentation, are given in

section build-up may influence test severity. Conduct a caliSection 10. _ .
bration test following any such change.) 9.1.2 Preventive MaintenaneeRefer to and comply with

7.2.3 TEI Gaskets, Seals, O-Rings the_assembly manudlregarding details pertaining to care and
maintenance of the accessory case.
9.2 Conditioning Test Run on Power SectieA new or
i . . newly rebuilt power section cannot be calibrated, nor is it
VG7.421.65 Fs’c;\vl\ée;OSeqltlon Build-up Gi-Noncompounded 150 suitable for test purposes, until a full-length, conditioning test
( ) ) 0_' ' run has been conducted on the power section. The conditioning
7.2.6 TEI Piston: test run is required to prepare the cast iron parts of such a
power section, and the oil used for the run is a reference oil
designated by the TMC. Upon completion of the conditioning
. . . . run, the power section shall be reconditioned, as described in
38Penmul L460 is a registered trademark of, and is available from Peneton@ . L
Corp., 7400 Hudson Ave., Tenafly, NJ 07670. 4, before conducting a test. (A conditioning run on a

39 Stoddard Solvent, Specification D 235, Type |, is available from petroleum
solvent suppliers.

40 Sealing materials approved for use include Perfect Seal Sealant No. 47—
(registered trademark of P.O.B. Inc), Permatex Ultra Blue 77B, Permatex 3H, “!The sole source of the Dana/Perfect Circle piston ring assembly known to the
Permatex High Tack 99 MA, (registered trademark of Loctite Corp.), Dow Corningcommittee at this time is Dana Corp., Perfect Circle Div., 1883 E. Laketon Ave.,
High Vacuum Grease, Dow Corning RTV Gray 3154, (registered trademark of DowProduct Distribution Ctr., Muskegon, Ml 49442-6123.
Corning Corp.), and Vaseline Petroleum Jelly, (registered trademark of Chesebrough “2 The sole source of supply of Pencool 2000 known to the committee at this time
Ponds Inc.). is The Penray Cos., Inc., 1801 Estes Ave., Elk Grove, IL 60007.

7.2.4 Air and QOil Filter Elements(Fram oil filter compo-
nents may be used, as indicated in 6.1.3).

10
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reference oil will not qualify as a reference test. Testing canCombustible; health hazard.). Carefully spray the oil pump, oil
commence only after a conditioning run and a reconditioning.pressure regulator, and distributor with Stoddard Solvent to
9.2.1 Operational Settings and Clearances for Conditioningremove deposits. Disassemble, inspect, and clean the crankcase
Test Run on New or Newly Rebuilt Power Sectieridake the  breather with Stoddard Solvent.
adjustments shown in Table 3. 9.4.2.2 Power Sectior-Dismantle the power section com-
9.3 General Power Section Rebuild Instructiens pletely before each test and thoroughly clean the parts by
Assemble the power section in accordance with the detailedoaking them in organic solvent for a minimum of 4 h. Remove
instructions found in the assembly mantaCompliance with  remaining deposits on the crankshaft using fine or very fine 3M
all provisions of the assembly manual is mandatory. TheScotch pads. After the minimal 4-h soak and cleaning period,
research report includes detailed instructions updated by inforinse the parts in tap water heated to between 150 to 180°F
mation letters and memoranda issued by the TMC, which may65.5 to 82.0°C) to remove all traces of organic solvent, and
modify the following procedures. Failure to follow the instruc- then rinse them with Stoddard SolventWdrning—
tions provided in this document may cause incorrect testnsufficient rinsing may allow organic solvent carryover to the

results. test oil causing increased severity in copper-lead bearing
9.3.1 Lubricate the power section parts with noncom-weight loss.)
pounded ISO VG 46 (SAE 20) oil during assembly. 9.4.2.3 Protection of Parts—Immediately after cleaning,

9.4 Reconditioning of Power Section After Each Fest protect all parts against moisture and contamination by the use
Recondition a previously used power section before the start aff a non-compounded 1SO VG 46 (SAE 20) oil, vapor-proof
a new test. Follow the cleaning and parts replacement procgyastic bag, or both. Give special attention to cleaning the

dures described in the following sections. following:
9.4.1 New Parts—Use the following new parts: (1) Sludge trap and oil passages in crankshatt,
9.4.1.1 Piston and piston ring assembly. (2) Oil passage in cylinder block,
9.4.1.2 Copper-lead connecting rod test bearing. (3) Oil passages in crankcase,
9.4.1.3 All gaskets, seals, and O-rings. (4) Oil passages in camshatt,

9.4.1.4 All parts that are excessively worn or that do not (5) Valve lifters
permit maintenance of the operating clearances specified in )

9.4.4,9.4.6.8,9.4.6.9, 9.4.7, and 9.4.8. . . .
’ ' ! ' . (7) Tin-plated surfaces to be rated (Polish surfaces lightly
9.4.1.5 Crankcase, and Power Sectiefif a new crankcase with number O steel wool to achieve a fine dull shine.),

or power section is used, regard the power section as newly (8) Lubrication system for the rocker shaft assembly (oil

rebuilt rather than reconditioned. Comply with the condition-Ii e, rocker arms, rocker shaft, and rocker shaft supports)
ing procedures given in 9.2 when a new crankcase or powern ’ ’ ’ PP ’
(9) Valves and valve seats, and

section is installed. i h I
9.4.1.6 Critical Parts—The following parts are considered ~_(10) Cylinder head coolant water passages. _
9.4.2.4 Oil Heater—Clean the oil heater case and inner

critical for conducting this test. The parts supplier will provide

records stating source codes and additional information, sucfrtridge with organic solvent to remove all residues, deposits,
as batch code. lot number. and so forth. It will be the@nd foreign material. Use a wire brush or emery cloth as

responsibility of the laboratory to maintain records document€€ded to completely remove residues and deposits, then rinse
ing these parts by proper identification numbers and receiveyith hot tap water and spray the case and cartridge with
date. Use the following parts in received date order; crankStoddard Solvent. Air dry. _ _

shafts, camshafts, connecting rod bearings, crankshaft main9-4-2.5 Copper-Lead Test BearirgMark the bearing be-

bearings, camshaft bearings, piston rings, connecting rodfore using itin a test with the lettes(top) andB (bottom) on
pistons, and cylinder sleeves. the backs of the bearing tangs, using a vibrating engraver.

9.4.2 Parts Cleaning Procedures Make no other marks on the bearing until after the final
9.4.2.1 Oil Pump, Oil Pressure Regulator, Distributor, and Weighing. Prior to initial weighing and prior to weighing at the
Crankcase BreatheeRemove the distributor and crankcase €nd of a test, clean the bearing halves in accordance with the
breather. Remove the oil pump and oil pressure regulator witRrocedure given in Annex Al1. (Fresh, clean Stoddard Solvent
the oil gallery side cover plate. Clean this cover plate thor2nd pentane should be used for cleaninglafning—

oughly using organic solvent\arning—Combustible; health Flammable. Health hazard.)
hazard.) and a fiber brush or swab, then rinse the cover plate 9-4.3 Cylinder Liner Finish—To minimize the effect of

with tap water heated to between 150 to 180°F (65.5 tghanges in oil consumption, a new cylinder liner with part
82.0°C), and rinse it again with Stoddard Solvénagning— number 100030-1 should be finished in accordance with the

recommended honing procedure in Annex A8. The following
procedure is recommended to refinish all other new or used

(6) Timing gear oil jet,

TABLE 3 Operational Settings and Clearances Cy"nder liners before each test:
ltem Adjustment 9.4.3.1 Wrap a half sheet of 400-grit wet or dry paper
Spark plug gap 0.030 in. (0.76 mm) around a three-stone glaze breaker. Wet the paper with non-
Ignition breaker point gap 0.020 in. (0.51 mm) compounded ISO VG 46 (SAE 20) oil. Install the glaze breaker
Intake valve clearance (cold) 0.012 in. (0.30 mm) . h huck of | d iabl lectric_ drill t
Exhaust valve clearance (cold) 0.022 in. (0.55 mm) In the chuck of a ow-spee (varla e) electrnic dnil motor

having an operating speed of 40 r/min.

11
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9.4.3.2 Work the glaze breaker and oil-wetted paper irRepeat four times. If sand paper is used, complete the fourth
2-to-2/2-in. (50-to-65-mm) strokes from the bottom to the top and final polishing process using crocus cloth or Mylar tape.
of the liner, producing a 60° crosshatch pattern. (At a drill 9.4.6.4 Alternatively, rotate the crankshaft (with a metal
speed of 40 r/min, working the glaze breaker back and forthurning lathe, for example) at about 120 r/min during the
along the vertical axis of the liner at a rate of two reciproca-polishing process. Polishing for approximately 20 to 30 s,
tions per second will produce a crosshatch pattern of abouthile traversing the cloth across the journal, has been found to
60°.) be effective for this process. Do not dwell in the center of the

9.4.3.3 Repeat this operation until the liner finish is from 13journal. Absolutely no other polishing process is permitted.
to 15u in. (0.33 to 0.38 pm) rms, as determined by using an 9.4.6.5 Repeat the polishing procedure with dry crocus cloth
appropriate measuring technique. or Mylar tape.

9.4.3.4 Cleaning Procedure and Rust PreventieAfter the 9.4.6.6 To confirm the trueness of the journal, visually
specified surface finish is achieved, spray the liner withcheck the journal with a straight edge 1.186-in. (30.12-mm)
Stoddard Solvent, and air dry it. Apply noncompounded ISQgng; this length equals the width of the connecting rod
VG 46 (SAE 20) oil to the liner surface. Wipe the liner interior pearing. Place a bright light source near the crankshaft on the
with a cloth or paper towel wetted with noncompounded ISOsjde opposite your eyes. Hold the straight edge axially against
VG 46 (SAE 20) oil until the wiping material appears cleanthe journal, and inspect for light leakage between the straight
after wiping. Coat the liner with noncompounded ISO VG 46¢dge and the journal surface at 30° increments around the

(SAE 20) oil. ' . journal. If light leakage is observed, measure the journal
9.4.4 Determine the piston-to-sleeve clearance in accofjiameters at the large- and small-diameter points, determine
dance with the procedure given in Annex A6. the axial distance between the two measurement points, and

9.4.5 Crankshaft Rear Seal Surface ConditionirgGontrol  calculate the taper (using half of the diametral difference) of
of oil and air leakage at the crankshaft rear seal may benhe journal between the points. Discard any crankshafts having
improved if the crankshaft rear seal surface is conditioned prioa Connecting rod journa| taper |arger than 0.0005 in/in. (00005
to each test in accordance with the recommendations ahm/mm). (Experience has shown that mechanical bearing
Laboratory Equipment Corporation (Labeco) Product Informawear with such crankshafts is unacceptably high.) The use of
tion Letter No. 10, issued February 9, 1967, and available fl’OI’Tﬂ]eW techn0|ogy, such as surface prof”e measuring equipment’

TEL is acceptable if approved by the TMC.

9.4.6 Crankshaft Journal Conditioning _ 9.4.6.7 Do not resize the connecting rod journal.

9.4.6.1 Use crankshafts with all journals having out of- g 4 5.8 Determine the connecting rod bearing clearance and
round measurements of 0.001 in. (0.025 mm) or less. journal taper in accordance with the procedure given in Annex

9.4.6.2 Since the test method is primarily designed toa2 or an equivalent method approved through the ASTM Test
measure bearing weight loss, maintain the crankshaft rofionitoring Center. Perform the connecting rod clearances
bearing journal such that weight loss due to abnormal mechanjneasurements prior to the initial weighing of the bearing
cal wear is minimized. Exercise care when handling the,gjyes.

crankshaft to prevent nicking the journal surfaces. Should g 4 6 9 petermine the main bearing clearance in accordance
nicks be observed, lightly dress the journal with a dressing i, the procedure given in Annex A3.

stone. Remove as little metal as possible. Observe bearing Wealg 4 6 10 After preparing the crankshaft in accordance with

pattern for the test following this process to confirm th""t9.4.6.1-9.4.6.9, clean it thoroughly. Either pressure spray it

mzczaé”i;a; ";’_eﬁ’tihs ata pra‘t{“ca' ”g"gm“.m- ol with Stoddard Solvent or brush it with Stoddard Solvent, and
4.0. olis € connecting ro earing journal In aCCOI‘hnse it thOfOUgh'y.

dance with the following guidelines: Mount the crankshaft on e
centers or position the main bearing journals in V-blocks.. 9.4.7 Camshaft Journal Condltlomr_ﬁg-?l'he camshaft
Prepare strips of polishing medium (only a wet/dry, SiliconJournal-to-bearlng clearance shall be within the range from

carbide, 400, 600, and 800 grit sand paper, standard croa?s‘0012 to 0.0052 in. (0.030 to 0.132 mm). [However, to

. . i maintain good oil pressure control when using low-viscosity
clpth, or Mylar 3y tape is approved fOT USEYin. (13-mm) oils, it may be necessary to reduce this clearance to between
wide by 3 to 4-ft (0.9 to 1.2-m) lon§? It is necessary to wet ) 5,15 1:°) 0032 in. (0.030 to 0.081 mm).] A suggested method
the strip of crocus cloth or sand paper with ISO VG 46 (SAE, ’ AN : ’ 99

20) oil or the Mylar tape with stoddard solvent. Wrap the stripfor salvgglng out-of-limit Cnghaﬂ bearing Joyrnals or for_
. . . S o decreasing the camshaft journal clearance is provided in
1% times around the journal to provide a minimum of 360

contact between the cloth and journal. The Mylar tape will notApgpinsd:;( X2, Section Valve CI sedlake th .
slide over itself, so wrap it only 180°. Stroke the journal with 4.6 FOWET Section Valve Liearanees/iake the appropri-

the cloth or sand paper by alternately pulling on the two eng@te adjustments du_ring power section reassembly to obtain the
of the strip while maintaining a light tension on the strip, andClearances shown n Table 4. L
while traversing across the journal. Do not dwell in the center 9:4:9 Power Section Assembly Torque Specificatiens

of the journal. Rotate the crankshaft 90° beween each traversBUriNg power section assembly, use the torque specifications
shown in Table 5.

9.4.10 Connecting Rod ReconditionirgWWhen recondi-
[ tioning connecting rods, the bore diameter shall be within the
43 These materials can be obtained from many commercial sources. range from 2.2765 to 2.277 in. (57.8231 to 57.8358 mm).

12
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TABLE 4 Valve Clearances occurs first. Calibrate a power section/test stand combination
Item Clearance whenever a crankshaft or connecting rod is replaced or
Inlet valve stem-to-tappet, cold 0.012 in. (0.30 mm) reconditioned. Count any test exceeding intervals of 40 h as
Exhaust valve stem-to-tappet, cold 0.022 in. (0.55 mm) more than one test start each time it exceeds 40 h. For example,
Inlet valve stem-to-guide clearance 0.002-0.004 in. (0.05-0.10 mm)

0 to 40 h equals one test start; 41 to 80 h equals two test starts;
81 to 120 h equals three test starts, and so forth.

10.1.3.2 Any test started within six months of the comple-
TABLE 5 Torque Specifications tion of the previous power section/test stand calibration is
considered to be within the calibration time period.

Exhaust valve stem-to-guide clearance 0.003-0.005 in. (0.08-0.13 mm)

Connecting rod bea:::cap 5 1o _T(:tr?:fN g 10.1.3.3 When circumstances develop that are bgyonq a
Main bearing guide bolts 35 Ibf - ft (47 N - m) laboratory’s control, such as fuel or parts shortages, calibration
Main bearing block 60 Ibf - ft (81 N - m) periods and the number of tests starts between calibrations may
gi’i'\'/r;d;;?eo'd'd"w“ Ao E?,i N m% be adjusted. Adjustments to calibration periods and the number
Cylinder barrel hold-down 50 Ibf - ft (68 N - m) of test starts between calibrations shall be approved by the
Accessory oil gallery side cover plate cap 20 Ibf - ft (27 N - m) TMC and the L-38 Surveillance Panel before additional test
Crankcase cover plate cap 10 Ibf - ft (14 N - m) starts are conducted. Make a note on the form shown in Fig.

A15.6 in the final test report stating that the test was conducted
L on a power section/test stand in which calibration requirements
10. Calibration were adjusted and also the reason for the adjustment.

Note 2—Annex A4 dictates specific procedures, which involve coor- 10.1.3.4 Laboratories running nonstandard L-38 tests shall
dination with the TMC, to obtain calibration status of a test power sectioncontact the TMC before resuming calibration L-38 testing with
and a test stand. The .infor_mation given in the following sections provideghe test stand or power section, or both, involved. Depending
a summary of the calibration process required. upon the modifications to the power section or test stand (or

10.1 Power Section and Test Stand Calibratie€alibrate  hoth) and the time period of nonstandard testing, test stand

power sections in combination with test stands by running testshecks or reference oil tests, or both, may be required before
on reference oils (see 10.1.3 for frequency). The purpose igesumption of calibrated testing.

twofold: (1) to verify standardized engine operation, and (2) to  10.1.4 Reference Oil Test Acceptance and Severity Monitor-
document a laboratory’s severity level for given combinationsing:
of power sections and test stands. (A test of a non-reference oil 10.1.4.1 The TMC maintains records of reference oil test

shall be conducted only on a given combination of poweractivity, analyzes severity trends, gives reports at ASTM
section, test stand, and bearing batch lot, which has beefeetings, and assists laboratories in the technical conduct of

previously calibrated.) Conduct all non-reference oil and reftests. (See Appendix X1 for a more detailed presentation of the
erence oil tests in the same manner. TMC role.)

10.1.1 Reference Oils-Obtain reference oils for calibration  10.1.4.2 Submit all reference oil test reports to the TMC for

use from the TMC. Oils are available representing variougeview and acceptance. (See TMC documienbricant Test
levels of performance. See 14.1 for performance data. Monitoring Systerif for reference oil test acceptance criteria.)
10.1.2 Test Numbering-Calibration of power sections and The test data sheet for test reports on engine oils other than
test stands is closely related to test numbering; that is, the tegéference oils (see Fig. A15.3) shall include the test number
number assigned to a test is a function of the calibration tes§nd completion date of the power section reference oil test(s)
recently conducted. Number each L-38 engine oil test byysed to calibrate the power section and test stand used for the
assigning it a test number that identifies the test stand numbegst.
the power section number, the number of tests conducted on 10.1.4.3 Failure of a reference oil test to meet Shewhart or
the power section since the last successful reference oil test g\wMA control charts limits can be indicative of a false alarm,
that power section, and the total number of runs on the powesr a power section/test stand, laboratory or industry problem.
section. For reruns of reference oil tests, the power section rufyhen this occurs, the laboratory, in conjunction with the TMC,
number shall be followed by a lettérfor the first rerunB for  shall attempt to determine the problem source. Input from
the second rerun, and so forth. For example, test numbenrdustry expertise (ASTM Technical Guidance Committee,
20-41-3-500 means test stand 20, power section 41, three tesige [-38 Surveillance Panel, Registration Systems, Inc., and
on power section 41 since the last successful reference oil tesp forth) may be solicited to help determine the cause and
on the power section (the reference oil test, itself, is designategiktent of the problem.
by a zero), and the 500th test on power section 41. For reruns (1) In the event of a failed reference oil test, the calibration
of unacceptable reference oil tests, the test number is incretatus of the power section or test stand, or both, shall first be
mented by a letter suffix on the final number of the test numbereviewed before subsequent tests are conducted. If the TMC
All other reruns are given a new sequential test number.  determines the problem is a false alarm, then there is no impact
10.1.3 Reference Oil Test Frequency on non-reference tests running in the laboratory. If it is

10.1.3.1 Using blind reference oils supplied by the TMC,determined that the problem is related to the power section or
calibrate each power section/test stand combination following

each 15 test starts or upon the expiration of the six-month—
power section/test stand calibration time period, whichever **Available from ASTM Test Monitoring Centér.
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test stand, non-reference tests run during the problem period in TABLE 6 Power Section Run-In Schedule
that power section or test stand, or both, shall be reviewed for Speed Load Spark A
validity taking into account the related new information. tmin ﬁdgigcg' miTr:”(‘iyz) Tma'h
(2) If it is determined that the problem is related to the (=25 bhp (+0.2) (W) (+150) (+1) - ’
laboratory, aI.I candidates test; run in the Iapo_ratory QUrlng the— o, 20 (1500) e 0 1
problem period shall be reviewed for validity, taking into 2000 4.0 (3000) 25 60 2
account the related new information. 2500 5.0 (3700) 35 60 3
3150 5.0 (3700) 35 60 4

(3) If it is determined that the problem appears to be
industry-wide, the ASTM L-38 Surveillance Panel shall be
requested to develop a resolution.

10.2 Instrumentation Calibratioa-Calibrate the following higher than 200°F (93.5°C). Record data hourly, using a form
instrumentation, immediately prior to each reference oil testof the type shown in Fig. A5.1.
with the exception of a test stand where reference oil tests are 11.1.4 Shut down the power section after four running hours
conducted with multiple power sections: For a test stand usinsee 11.7). Immediately move the piston to top dead center
multiple power sections, the test stand instrument calibratiofTDC) on the compression stroke, and drain the crankcase for
may be extended by 14 days. For example, a reference oil tegf min. Vent the rocker cover to atmosphere during drain
can be conducted in the same test stand with a second powR@riods. Weigh the oil; record the weight.
section without calibrating the test stand instrumentation if the 11.1.5 After the 4-h run-in, remove the oil filter and install
reference oil test is started within 14 days of the previous teghe oil heater (see Fig. 8). (The oil heater remains in the oil
stand instrument calibration. Unless otherwise specified in thigircuit for the flush and steady-state portions of the test
test method, follow the instructions provided by the manufacfrocedure.)
turers of the instruments regarding the method of calibration. 11.1.6 Charge the power section with 3.15 Ib (1.429 kg) of
In calibrating each instrument, use certified reference standardkgsh test oil (see Section 8). Prior to starting the engine and
having known values covering the range of measurements to By restarts during théz-h flush, perform the oil priming
encountered in using this test method, and having tolerancd¥ocedure in Annex A9.
less than those of the measurement tolerances specified in this11.1.7 Flush the power section fé h under the following
test method. Retain the calibrations records for a minimum ofperating conditions: 315¢ 25 r/min, 5.0+ 0.2 bhp (3.73*

24 months. 0.15 kW), 35 = 1° before top dead center (BTDC) spark
10.2.1 Engine load measurement system, advance, 225°F (107.0°C) maximum oil gallery temperature,
10.2.2 Engine speed indicator, 200°F (93.5°C) maximum water jacket outlet temperature, and
10.2.3 Fuel flowmeter or weighing scale, 40 £ 2 psig (280* 10 kPa) oil gallery pressure. Do not
10.2.4 Temperature sensors and measurement system, €nergize the oil heater during this period. Record operational
10.2.5 Electrical wattmeter, data prior to shutdown using forms of the type shown in Fig.
10.2.6 Pressure gages, AS5.1.

10.2.7 Crankcase off-gas flowmeter, 11.1.7.1 During this flush interval and the run-in interval

10.2.8 Crankcase ventilation air flowmeter, (see 11.1.3) no more that h of of-test time are allowed. No

10.2.9 Air-fuel-ratio measurement system, more than one emergency shutdown is allowed. No more than

10.2.10 Weighing scales (oil measurement), two total shutdowns are allowed.

10.2.11 Torque wrenches (calibrate, as a minimum, every 6 11.1.7.2 During the shutdown between the 4-h run-in and
months), and ¥>-h flush, consider any time in excess of 85 min as off-test

10.2.12 Rocker cover air flowmeter. time counted against ¢h4 h limit listed in 11.1.7.1.

i ) 11.1.7.3 During the shutdown after the-h flush, consider

11. Engine Operating Procedure any time in excess of 145 min as off-test time counted against
11.1 Run-In and Flush-At the beginning of each test, the 2 h limit for the first interval listed in 11.7.

perform the following 4-h run-in an#>-h flush: 11.1.8 Shut down the power section; immediately move the

11.1.1 Install the full-flow oil filter in place of the oil heater piston to TDC on the compression stroke, and drain the
(see Fig. 7). Use a new filter element for each test. (The oitrankcase and oil heater for 10 min. Weigh the oil; record the
filter is used only during the run-in portion of the procedure.)weight.

11.1.2 Charge the power section with 5.4 Ib (2.45 kg) of 11.2 Intermediate Bearing Weight Loss Cheel$ desired,
fresh test oil (see Section 8). Fill the olil filter first; put the weigh the copper-lead connecting rod bearings at the end of the
remaining oil in the power section crankcase. Record thisun-in-and-flush period. Follow the cleaning instructions given
weighing and subsequent oil weighings on forms of the typen 9.4.2.5.
shown in Fig. A5.1. Prior to starting the engine and any restarts 11.3 Test Operating Conditiors Throughout the remainder
during the 4-h run-in, perform the oil priming procedure in of the test (four 10-h intervals), operate the power section
Annex A9. under the conditions shown in Table 1.

11.1.3 Operate the power sectiorr # h according to the 11.3.1 During the first 10-h interval, only one shutdown or
schedule in Table 6. Maintain the oil gallery temperature nacne emergency shutdown is allowed and the total off-test time
higher than 225°F (107.0°C), the oil gallery pressure at40 shall not exceed 2 h. During the four 10-h intervals, no more
2 psig (280= 10 kPa), and the jacket outlet temperature nothan 6 h of of-test time are allowed. During the second through

14



A8 D 5119 — 02
“afl

the fourth 10-h intervals, no more than two emergency shut- 11.6.2 Observe and record the rocker cover air flow reading
downs are allowed and no more than four total shutdowns arem SCFH after the off-gas flow has been adjusted to 30 SCFH.
allowed. 11.6.3 Blowby is the difference between the standardized

11.4 Warm-up ScheduleCharge the power section with off-gas flow measured and the standardized rocker cover air
3.15Ib (1.429 kg) of fresh test oil (see Section 8). Perform thdlow measured.
oil priming procedure in Annex A9. Start the engine. Follow 11.7 Shut-Down and Oil-Drain ProcedureFollow the
the schedule in Table 7 at the beginning of the first 10-h tesshut-down procedure given in the succeeding subsections for
interval; when restarting the power section, after oil samplingmmediate shutdowns and at the end of each 10-h test interval.
and addition, after the first, second, and third intervals. AfterAny time in excess of 145 min, including cool-down and
any unscheduled or emergency shut-downs, start the warm-wgarm-up time, is considered off-test-time. If the off-test-time
at the oil gallery temperature recorded when the engine isccurs following the run-in and flush intervals, the time counts
re-started and adjust the heater wattage or temperature set poitfainst the 2-h maximum for the first interval. If it occurs
to the next stage, in accordance with Table 7. For example, ifollowing the first, second or third 10-h interval, the time
the oil temperature is 255°F (123.9°C) when re-starting theounts against the 6-h maximum for the second through fourth
engine, set the warm-up conditions at 1900 watts or 270°fntervals. In the event that an intermediate bearing weight loss
(132.2°C) for 10 min as shown in Table 7. The warm-up shallmeasurement is performed, an additional 60 min downtime is
proceed from this point and continue with the required steps imllowed, provided that the weight loss is recorded and docu-
Table 7. mented in the final test report.

11.5 Air-Fuel Ratio and Spark AdvaneeDuring the first 11.7.1 At the end of each 10-h interval, turn off the oil
hour of each 10-h test interval, adjust and record the air-fueheater and idle the power section at 1500 r/min for 10 min.
ratio and spark advance. When determining the air-fuel ratigThis action prevents overheating of the oil in the heater.)
using the exhaust gas analysis measured by the calibratédlow the rocker cover fresh air input to remain on during the
electronic method (see 6.3.3.1), utilize Fig. A14.1 and correceool-down period, then turn it off. Turn off the ignition to stop
tion procedure listed in Annex Al4. the engine. It is also acceptable to disconnect the fuel supply

11.6 Rocker Cover Air, Off-gas, and Blowby Measurementand allow the engine to idle to a stop before turning off the

11.6.1 To measure off-gas, adjust the vacuum control valvégnition.
to maintain the crankcase vacuum at-20.5 in. H,O (500+ 11.7.2 Move the piston to TDC on the compression stroke
120 Pa). Observe the off-gas flow indication, record the readingnd wait 5 min before the next step. If the alternative
in ft 3h, and then convert to standard conditions (29.92 in. HJorced-air-in version of the crankcase ventilation system is

and 70°F) as follows: utilized, disconnect the system and vent the rocker cover to
SCFH= ACFH/(29.92(baro metric pressure¢ gas pressuje atmosphere 9'““”9 drain periods. ) ) )
X ((gas temperature 460)/(460 + 70))] (1) 11.7.3 Drain the crankcase and oil heater for 10 min. Weigh
the oil; record the weight of the drained oil.
where: 11.8 Oil Sampling and Oil Additioa- After each of the first
SCFH = standaf%d th, three 10-h intervals, and after draining the crankcase and
ﬁ;gaetric pressure_ :acl:t)l;?cl)m/eht’er reading, in. Hg heater, as described in 11.7, take oil samples and make
_ P additions as directed in the following sections. Record the
gas pressure = gage pressure at the inlet of the

: L weights of all oil additions.

off-gas measuring device in in. H ) -
(if t?\e system is %nder vacuum th% 11.8.1 Retain the used oil in excess of 2.70 Ib (1.225 kg) as
value will be negative), and a sample for analysis, as described in 12.1. To eliminate the

gas temperature = temperature at the inlet of the meaPossibility of deposit settling, take this sample withinh after
suring device, °F. draining the power section.

; ; 11.8.2 Add 0.45 Ib (0.204 kg) of fresh test oil (see Section
to tléﬁi'g\'/le gg J:tztntgzr(rjgj%kc(eég?:v:)r g;fr_;:ggj[rol valve as neede%) and 2.70 Ib (1.225 kg) of the used test oil to the crankcase.
These weights are approximately equivaleni4at (0.24 L) of
fresh test oil and 3 pt (1.42 L) of used test oil.
11.8.3 Follow the warm-up procedure specified in 11.4

TABLE 7 Power Section Warm-up Schedule . .
when restarting the power section after the 10-, 20-, and 30-h

Temperature Set

Time, min Total time, min” Heater Wattage® Point® oil samples are taken and the oil additions are made.
15 15 1000 215°F (101.7°C) 11.8.4 Use the data log sheet shown in Fig. AS5.2 for
10 25 1300 235°F (112.8°C) recording all required operating conditions for each hour
10 35 1600 255°F (123.9°C) during the test.
10 45 1900 270°F (132.8°C . : : :
15 60 2200, if needed 275 or 2géep (135.)0 or 1.9 Oll_Consumpnon ComputatierCompute the oil con- _
143.3°C)° sumption in Ib/h (kg/h) for each 10-h test interval. Average oil
A Steady-state test time does not include warm-up time; rather, it begins only consumption for 40 h shall not exceed 0.037 Ib/h (0.0168
when the specified oil gallery temperature is reached. kg/h). Average oil consumption for any 10-h test period shall

B Either heater wattage or temperature set point control may be used for .
warm-up operation, not exceed 0.045 Ib/h (0.0204 kg/h). Values in excess of these

€ As appropriate for test oil viscosity grade. See Table 7. limits represent an oil test failure. That is, either the power
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section may be faulty or the test oil may be improperly Coolant out temperature
formulated. Consider power section rebuilding and oil refor- Coolant delta temperature
mulation before proceeding. Oil pressure

11.10 Periodic Measuremerts
11.10.1 Record, using the data log sheet shown in Fig. A5.2,
the following data hourly:

Secondary Parameters

11.10.1.1 Engine speed, r/min, i,g:ed

11.10.1.2 Engine load, bhp (kW), Spark advance

11.10.1.3 Fuel flow, Ib/h (kg/h), Exhaust pressure

11.10.1.4 Qil gallery temperature, °F (°C), Crankcase vacuum

11.10.1.5 Oil sump temperature, °F (°C), 11.12 Test Completion-Define the end of test time as 25
11.10.1.6 Oil heater input, W, min after the fortieth test hour.

11.10.1.7 Jacket inlet coolant temperature, °F (°C),

11.10.1.8 Jacket outlet coolant temperature, °F (°C), 12. Determination of Test Results

11.10.1.9 Oil pressure, psi (kPa),

11.10.1.10 Crankcase vacuum, in,@(Pa), 12.1 Oil Sample Inspectian

11.10.1.11 Exhaust back pressure, in. Hg (kPa), 12.1.1 Determine the acid number and kinematic viscosity
11.10.1.12 Intake air temperature, °F (°C), at 40°C and 100°C of the fresh oil (see Section 8) and the 10-,
11.10.1.13 Intake manifold vacuum, in. Hg (kPa), 20-, 30-, and 40-h used oil samples by Test Method D 974 or
11.10.1.14 Crankcase off-gas, SCFH, and D 664, and Test Method D 445, respectively.
11.10.1.15 Rocker cover fresh air flow, SCFH. Note 4—To meet the requirements of Military Specification MIL-2104
11.10.2 Record the following data at least once every 10-For the viscosity stability of a multiviscosity-graded oil, measure the
test interval: stripped viscosity of a 10-h sample of used oil. See the MIL-L-2104
11.10.2.1 Air-fuel ratio, Specification (paragraph 4.6.2) for the specified measurement method.
11.10.2.2 Spark advance, and 12.2 Power Section Part Varnish RatirgAt the conclusion
11.10.2.3 Blowby, SCFH. of the test, rate the following parts for varnish deposition:

11.11 Operational Validity Criteria—The test laboratory is 12.2.1 Piston skirt,
responsible for determining and documenting the operational
validity of every engine test. For a test to be operationally
valid, the deviation percentage criteria defined in 11.11.1 shall 1224 Cvlind Il bel ing t |
be met. In addition, the test stand, test operation, and test = ~"~" ylinder watl below ring trave,
buildup shall conform with the published procedure. 12.2.5 Oil pan, and

11.11.1 Deviation Percentage-Calculate the deviation per- ~ 12-2.6 Push rod cover.

12.2.2 Rocker arm cover,
12.2.3 Crankcase cover plate,

centage using the equation: 12.3 Power Section Part Sludge RatingAt the conclusion
nr T of the test, rate the following parts for sludge deposits:
DP= 3 [ﬁqx Bl] X 100 @) 12.3.1 Oil pan,
b 12.3.2 Push rod cover,
where: 12.3.3 Qil screen,
DP = Deviation percentage, 12.3.4 Rocker arms,
M, = Magnitgdg of test-parameter deviation from specifi- 1235 Rocker arm cover, and
A gl:_atlon limit at occunence, 12.3.6 Crankcase cover plate.
= Test parameter specification range, . 12.4 Test Bearing Weight Loss DeterminatiefRecord, in
T, = Length of time that test parameter was outside of ... . ;
. . milligrams, the weights of the top and bottom connecting rod
specification range at occurrence test bearing halves withi4 h of conclusion of the test. If this
n = Number of times that a test parameter deviated from aring ha S .
e o, determination is delayed longer than 4 h, the test is invalid.
test specifications limits, and . . .
D = Test or test-phase duration in same unitd as Clean each bearing half, as described in Annex All, before

weighing. Determine the weight loss of the bearing to the
Note 3—T; is assumed to be no less than the recorded-data-acquisitionearest 0.1 mg by subtracting from the initial weights recorded

frequency unless supplemental readings are documented. prior to power section run-in. Determine the corrected total
11.11.1.1 Invalidate any tests exceeding the following debearing weight loss for H-24 bearings using the following
viation percentages: equation:
Primary test parameter, 2.5 % Corrected TBWL
Secondary test parameter, 5.0 % = (Actual TBWL X 1.56 + 8.22 3)

Record the corrected H-24 total bearing weight loss to the

Primary Parameters
nearest 0.1 mg.

Fuel flow 12.4.1 Ajdust the corrected H-24 total bearing weight loss
Crankcase off gas determined in 12.4 in accordance with the procedure in Annex
Oil gallery temperature A7. Record the severity adjustments in Fig. A15.3.
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13. Report TABLE 8 L-38 Reference Oil Test Precision Data *
13.1 The forms that comprise the test report are presented in Total Bearing Weight Loss, mg
Annex Al5 and shall be used without modification. The data x s, r Sk R
dictionary is presented in Annex A16 and shall be used to 7011 711 20.4 57.12 20.4 57.12
describe the fields in the report pocket. ;gi gg-é 1568392 ;g-gg 1‘51-1287 ézgg
13.2 Useforms 1, 2, 4,5, 6, 7, and 8 (see Figs. A15.1-A15.8  ,,,; 308 318 8.90 6.62 1010

) for initial transmission of reference oil tests to the TMC.  Operationally valid tests reported through January 20, 1998,

14. Precision and Bias Legend:

14.1 Test precision is established on the basis of referencg = afithmetic mean, .
5 repeatability standard deviation,

oil test results (for operationally valid tests) monitored by the : repeatability
ASTM Test Monitoring Center. Contact the TM®r current sz = reproducibility standard deviation, and
R = reproducibility.

industry data.
14.1.1 Table 8 summarizes reference oil precision of the test

as of January 20, 1998.
14.1.1.1 Repeatability (8—The difference between succes- bias is determined, a severity adjustment is permitted for

sive results obtained by the same operator with the same enginen-reference oil test results (see Annex A7).

under constant operating conditions on the same oil, would, in .

the long run, in the normal and correct conduct of the test®: Use of ASTM Rounding

method, exceed the values shown in Table 8 in only one case 15.1 Follow Practice E 29 guidelines for rounding of test

in twenty. results, operational parameters, and engine build-up measure-
14.1.1.2 Reproducibility (R}~The difference between two ments.

single and independent results obtained by different operators

working in different laboratories on the same oil would, in the16. Keywords

long run, in the normal and correct conduct of the test method, 16.1 bearing corrosion; bearing weight loss; CLR oil test

exceed the values shown in Table 8 in only one case in twentgngine; copper-lead bearings; deposits; engine oil; L-38 test;
14.2 Bias is determined by applying an accepted statisticadil consumption; oxidation resistance; shear stability; sludge;

technique to reference oil test results, and when a significantarnish; viscosity loss

ANNEXES
(Mandatory Information)

Al. SPECIFICATION FOR SOLTROL 10

Al.1 Table Al.1 presents the specifications for Soltrol 10.
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TABLE Al.1 Specification for Soltrol 10

Property” Typical Value Specification Test Method

Distillation, °F at 760 mm Hg (101.3 kPa) ASTM D 86

Initial boiling point 204 200 min

Percent recovered

5 205 202 min

10 206

50 208

90 212

95 215 219 max

Dry Point 218 220 max
API gravity at 60°F 70.6 ASTM D 287
Specific gravity, 60/60°F (with TEL: 3 mL/gal; 0.8 mL/L—0.7005) 0.698 0.697-0.710 ASTM D 1298
Density of liquid at 60°F, Ib/gal 5.827 (0.6982 kg/L) ASTM D 1250
Vapor pressure at 100°F, psia 2.2 (15.2 kPa) ASTM D 323
Flash point, °F +13 ASTM D 56
Composition, liquid volume % gas chromatography

Heptane isomers 28

Octanes 10

2,2,4-Trimethylpentane 62
Aromatic content (total), mass % Nil (est.) gas chromatography
Sulfur content, ppm <1 10 max ASTM D 3120
Nonvolatile matter, mg/100 mL 0.5 1 max ASTM D 1353
Color, saybolt +30 + 30 min ASTM D 156
Acidity of distillation residue neutral ASTM D 1093
Doctor test negative ASTM D 235
Kauri-butanol value 27.9 ASTM D 1133
Odor pass pass panel
Research octane number (with TEL: 3 mL/gal; 0.8 mL/L-111) 96 ASTM D 2699
Motor octane number (with TEL: 3 mL/gal; 0.8 mL/L-109) 94 ASTM D 2700

AeC = (°F - 32)/1.8.

A2. MEASUREMENT OF CONNECTING ROD BEARING CLEARANCE AND JOURNAL TAPER

A2.1 Conduct the connecting rod bearing clearance mea- &4 e 14 in,
surements with the crankshaft, bearing sets, and measuring
tools at room temperature.

A2.2 Use measuring tools having an accuracy of at least
0.0001 in. (0.003 mm).

CONNECTING ROD

A2.3 Thoroughly clean the connecting rod bore with
Stoddard Solvent and air dry. Use caution not to affect the
original surface. Clean the connecting rod bearing in accor-
dance with A11.1 only. Install the cleaned rod bearing halves,
which are to be used in the test, into the proper location (top
and bottom as marked). Place the connecting rod into a holding
device, clamping as close as possible to the large end of the
connecting rod to prevent the rod from being twisted during the
torquing procedure. Install lower bearing cap and apply 45 oL,
Ibf-ft (61 N-m) torque to the bearing cap bolts. Immediately
return connecting rod bearing to the original container filled
with EF-411 after measurements are performed.

THRUST FACE THRUST FACE
A2.4 Measure the connecting rod bearing vertical diameter
at the two points A and B indicated in Fig. A2.1. Each of the
points is located 0.25 in. (6.4 mm) from each bearing edge. T T
Record the measurements in the appropriate spaces in a table 3/8 in.  3/8 in.

(9.5 mm (9.5 mm)
FIG. A2.1 Clearance Measuring Points for Connecting Rod
Bearings

such as the one in Annex A3.

A2.5 Mount the crankshaft on a workbench with the axis
horizontal and with the connecting rod bearing journal verti-
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cally upward, simulating the top-dead-center position in the A2.7 Subtract the diameters to obtain the clearances, as
engine. directed in Table A2.1. From the four clearance values thereby
determined, select the minimum and maximum values, and

A2.6 Measure the diameter of the connecting rod bearin%nter them in the spaces provided in the table

journal of the crankshaft at the points, B;, A,, andB ,
indicated in Fig. A2.1. The measuring points are located 0.38

in. (9.5 mm) from each thrust face. Record the measurements[ A2.8 Thz mm|mumdqndAr;?xwrr:ulrlnbcom_wi_ctlnﬁ rod bea][mg
in the appropriate spaces in a table such as Table A2.1. ~ cléarances determined in A2.7 shall be within the range from

0.0024 to 0.0030 in. (0.061 to 0.076 mm). If they fall outside

TABLE A2.1 Connecting Rod Bearing Clearance of this range, select and measure a different crankshatft.
A B
A, B, A2.9 Determine the taper of the connecting rod bearing
Aa Az - B journal by completing Table A2.2. The maximum quotient
A-p= B-Bo= obtained in Table A2.2 is considered the journal taper. Discard
min max any crankshafts having a connecting rod journal taper larger

A Diameters A, and B, are measured at points 90° from A, and B ,, respectively. than 0.0005 in./in. (0.0005 mm/m m).

TABLE A2.2 Taper of Connecting Rod Bearing Journal ~ #

Use measurements from Table A3.1.
(A,-B; = )/1.372 in. (34.85 mm) =
(A, - B, = )/1.372 in. (34.85 mm) =

A Bearing width = 1.186 in. (30.12 mm). Distance between the measuring points
A, and B, (or A, and B,) is 1.186 in. (30.12 mm) — 2 [¥4 in. (6.4 mm)] = 1.186 in.
(30.12 mm) = %2in. (12.7 mm) =0.686 in. (17.4 mm). Taper = (A, - Bj;) (or
A, - B,) divided by 2 divided by 0.686 in. (17.4 mm), or (A, — B;) (or A, — B,)/
1.372 in. (34.85 mm). (Division by 2 is required to obtain the desired difference in
shaft radius between the measuring points.)

A3. MEASUREMENT OF MAIN BEARING CLEARANCE

A3.1 Conduct the main bearing clearance measurements
with the crankcase, crankshaft, bearing sets, and measuring
tools at room temperature.

A3.2 Use measuring tools having an accuracy of at least VAIN BEARING __%

-
0.0001 in. (0.003 mm). "_\

A3.3 Install two bearing sets in the crankcase, but do not
install the crankshaft. Use either two standard main bearing A
halves, one standard main bearing half (Labeco Part No. 8252)
and one undersize main bearing half (Labeco Part No. 8252- r\ Bl
0.0012 U.S.), or two undersize bearing halves. For consistency, A F
when using one standard and one undersize bearing half A
together, install the standard half in the bearing cap. Torque the /,és/ :
bearing block bolts to 60 Ibf-ft (81 N-m). 4

MATN JOURNAL —

A3.4 Measure the front main bearing vertical diameter at
the two pointsA and B indicated in Fig. A3.1. Each of the ST
points is located in the middle of the respective nonrelieved q
bearing surface. Record the measurements in the appropriate
spaces in a table such as Table A3.1. 3/8 in. (9.5 m)
1 1/16 in. (27.0 mm)

TABLE A3.1 Crankshaft Main Bearing Clearance FIG. A3.1 Clearance Measuring Points for Crankshaft Main
Bearings

Front Main Bearing” Rear Main Bearing”

A B A B

A - - -

B, Ay B,

A3.5 Mount the crankshaft on a workbench with the axis

A B. A B. . . . . . .
P B-B - P B-B - horizontal and with the connecting rod bearing journal verti-
3 A — A — 3 A — K — . . e . .
A=A, = B-B,= A=A, = B-B,= cally upward, simulating the TDC position in the engine.
min max min max
A Diameters A, and B, are measured at points 90° from A, and B ,, respectively. A3.6 Measure the diameter of the front main journal of the
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crankshaft at the pointd,, B;, A,, and B, indicated in Fig. determined for each main journal and bearing combination,
A3.1. Record the measurements in the appropriate spaces irsalect the minimum and maximum values, and enter them in
table such as Table A3.1. the spaces provided in the table.

A3.7 Measure the diameters of the rear main bearing and

the rear main journal at the points described in A3.4 and A3'6d '?‘3'9. Tge. mrén;um ar:dbmax_ltr:_urrt\hmam beafrmg c(l)eg(r)e;r(l)c?s
Record the measurements in Table A3.1. etermined in As.c must be within the range from . 0

0.0030 in. (0.051 to 0.076 mm). If they fall outside of this
A3.8 Subtract the diameters to obtain the clearances, asnge, either install different bearings, or a different crankshatft,
directed in Table A3.1. From the four clearance values, therebgnd remeasure the clearances.

A4. THE ASTM TEST MONITORING CENTER CALIBRATION PROGRAM

A4.1 Conducting a Reference Oil Test: four tests to be conducted prior to establishing the industry

A4.1.1 For those laboratories that choose to utilize theAverage and test acceptance targets for new reference oils. The
services of the TMC in maintaining calibration of power TMC estimates that Iabo_ratorles will be requested to run an
sections and test stands, full-scale calibration testing must &verage of one contributing test per year for each eight test
conducted at regular intervals. These full-scale tests are coROWer sections operated throughout the year.
ducted using blind, coded reference oils supplied by the TMC.

It is a laboratory’s responsibility to maintain the calibration in A4.4 TMC Information Letters:

accordance with the test procedure. It is also a laboratory’s A4.4.1 Occasionally, it is necessary to change the proce-
responsibility to keep the on-site blind reference oil inventorydure, and notify the test laboratories of the change, prior to
at or above the minimum level specified by the TMC testconsideration of the change by either Subcommittee D02.B on
engineers. Automotive Lubricants or Committee D-2 on Petroleum Prod-

A4.1.2 When laboratory personnel decide to run a referencgcts and Lubricants. In such a case, the TMC will issue an
calibration run, they must request a blind oil code from theinformation Letter. Subsequently, prior to each semiannual
cognizant TMC engineer. Upon completion of the reference oiCommittee D02 meeting, the accumulated Information Letters
test using the blind reference oil, the data must be sent iare balloted by Subcommittee D02.B. The ballot is reviewed at
summary form (use TMC forms) to the TMC by telephonethe Subcommittee D02.B meeting, and the actions taken are
facsimile transmission, or by some other method acceptable igonsidered at the following meeting of Committee D02. By
the TMC. The TMC will review the data and contact the this means, the Society due process procedures are applied to
laboratory engineer to report the laboratory’s calibration statughese Information Letters.

All reference oil tests, whether abortEd, invalidated, Or suC- A4.4.2 Several methods and levels of review are conducted
cessfully completed, must be reported to the TMC. Subsequeffior to issuing an Information Letter. In the case of an
to sending the data in summary form to the TMC, the|nformation Letter concerning a part number change which
laboratory is required to submit to the TMC the written testdoes not affect test results, the TMC is authorized to issue such
report specified in the test procedure. a letter. Long-term studies by the Surveillance Panel to

A4.2 New Laboratories-Laboratories wishing to become improve the test procedure Fhrough improved Joperation and
hardware control may result in a recommendation to issue an

a part of the ASTM Test Monitoring System will be requesuadlnformation Letter. If obvious procedural items affecting test

to generate both blind and nonblind tests to ensure that the . : .
laboratory is using the proper testing techniques. Informatioﬁesu“s need immediate attention, the test sponsor and the TMC

concerning fees, laboratory inspection, reagents, testing prag\fr']l(lj'zzli: t%n tLrgOg:ravtgl?arfgegaiﬁ ]% rfzentrc:CZI b?ﬁ)ﬁggg%ﬂg
tices, appropriate committee membership, and rater trainin PP P

; : - [ | Subcommittee D02.B meeting.
can be obtained by contacting the TMC Administrator. emiannua ) . .
y g A4.4.3 Authority for the issuance of Information Letters

A4.3 Introducing New L-38 Reference GilsThe calibrat- was given by the Committee on Technical Committee Opera-
ing reference oils produce various copper-lead bearing weightons in 1984, as follows:
loss and deposit characteristics. When new reference oils are“COTCO recognizes that D-2 has a unique and complex
selected, member laboratories will be requested to condusituation. The use of Information Letters is approved providing
their share of tests to enable the TMC to establish the propezach letter contains a disclaimer to the effect that such has not
industry average and test acceptance limits. The ASTMbtained ASTM consensus. These Information letters should
D02.B0.02 L-38 Surveillance Panel requires a minimum ofbe moved to such consensus as rapidly as possible.”
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Ab5.

DATA LOG SHEETS

A5.1 Fig. A5.1 and Fig. A5.2 are examples of data log

sheets.

"LABORATORY NAME"

L-38 TEST DATA LOG SHEET

Page Number

RUN NUMBER

{Stand-Engine-Reference-Run)

ENGINE NUMBER CELL NUMBER OIL CODE
RUN-IN FLUSH
(OBSERVER
DATE
TIME
[TOTAL HOURS ON "RUN-IN" OR "FLUSH" 1 2 3 4 1/2
TEST PARAMETER
E 1500 2000 2500 3150 3150
N [ENGINE SPEED (Specified, + 25 r/min)
G
| |ENGINE SPEED {Actual, r/min)
N JENGINE OUTPUT (Specified, + 0.2 bhp) 2 4 5 5
E {Specified, £ 160 W) (1480) {2980} (3730) {3730)
ENGINE QUTPUT (Actual, bhp)
{bhp = 745.6999 W)
T [OIL GALLERY {225 °F MAX)
E {107.0 °C MAX)
M
P {**OiL SUMP (Record, °F)
E Oil Heater not in Qil Circuit.
R |**OIL HEATER INLET (Record, °F)
A
T [**OIL HEATER QUTLET (Record, °F)
U |COOLANT OUTLET (200°F MAX)
R {93.5 °C MAX)
E
S [**COOLANT INLET (Record, °F)
* |**COOLANT DIFFERENTIAL (10 £ 2 °F)
(6.6 + 1°F)
**CARBURETOR INTAKE AlR (Record, °F}
**EXHAUST {Record, °F)
* (°C = (°F-32)/1.8)
P [OIL GALLERY {40 + 2 psig)
R {276 + 14 kPa)
E |**CRANKCASE VACUUM (2.0 = 0.5 in. H,0}
S (600 + 120 kPa)
S |**"EXHAUST BACK PRESSURE {0 to 1in. Hg)
U {0 to 3.4 kPa)
R [*"*INTAKE VACUUM {Record, in. Hg)
E {in. Hg = 3.37605 kPa)
F [**FUEL (4.75 + 0.25 lb/h @ 3150 r/min)
L {2.15 + 0.11 kg/h @ 3150 r/min)
O |**CARBURETOR AIR (Record, Ib/h)
w (Ib/h = 0.4535924 kg/h)
S
**AIR FUEL RATIO {14.0 + 0.5)
**CRANKCASE OFF-GAS (30 + 1 ft¥/h)
{850 + 28 L/h)
**ROCKER AIR {Record, ft'/h)
{ft’/h = 28.31685 L/h)
* *BLOWBY {approx. 10 x 2 ft*h}
{approx. 280 + 60 Lh/)
M IGNITION ADVANCE {Specified, + 1° Before Top 25 25 35 35 35
| Dead Center, BTDC)
S [IGNITION ADVANCE {Actual, BTDC)
C |OIL HEATER POWER (W) Qil Heater not in Qil Circuit. OFF
** Recommended but Not Required.
=== RUN-IN = == === RUN-IN === === FLUSH == = ===FLUSH === = == ZERO-HOUR = = =
FRESH OIL ADD'N WEIGHT OlL DRAIN WEIGHT FRESH OIL ADD'N WEIGHT OIL DRAIN WEIGHT FRESH OIL ADD'N WEIGHT
OlL & CAN OIL & CAN OIL & CAN OlL & CAN OiL & CAN
- CAN o - CAN - CAN - CAN - CAN
OIL6.40 b (2.45 kg) OlL Ib OIL 3.15 (1.43 kg) OlIL b OIL 3.15 b {1.43 kg)

FIG. A5.1 Run-In and Flush Data Log Sheet
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LABORATORY NAME
L-38 TEST DATA LOG SHEET

Page Number

RUN NUMBER
{Stand-Engine-Reference-Run)

ENGINE NUMBER CELL NUMBER Oit CODE
Column No. > 1 2 3 4 5 6 7 8 9 10
IOBSERVER
DATE
TIME
TOTAL HOURS ON STEADY-STATE TEST
TEST PARAMETER
f‘ ENGINE SPEED {3150 * 25 r/min)
G ENGINE OUTPUT (Record, bhp}
(bhp = 745.6999 W)
OIL GALLERY (XXX £ 2 °F)
(XXX' = 1 °C)
T {OIL SUMP (Record, °F)
E
M 10iL HEATER INLET (Optional} (Record, °F)
P
E loIL HEATER OUTLET (Optional) {Record, °F)
i COOLANT OUTLET 1200 = 2°F)
{93.6 = 1°C)
T
U
R COOLANT INLET {Record, °F)
E |COOLANT DIFFERENTIAL (10 £ 2 °F}
S (6.6 £ 1 °F)
ICARBURETOR INTAKE AIR {Record, °F)
P OIL GALLERY {40 = 2 psig}
R (276 + 14 kPa)
E CRANKCASE VACUUM {2.0 £ 0.5 in. H,0)
2 {500 + 120 Pa)
U EXHAUST BACK PRESSURE (0 to 1 in. Hg)
R {0 to 3.4 kPa)
E |INTAKE VACUUM {Record, in. Hg)
s {in. Hg = 3.37685 kPa)
FUEL {4.75 + .25, Ib/n}
{2.15 = 0.11 kg/h)
[CARBURETOR AIR? {approx. 66.5 lb/h}
(approx. 30.2 kg/h)
E
g AIR FUEL RATIO? {14.0 + 0.5)
w [CRANKCASE OFF-GAS {30 £ 1 SCFH)
S
ROCKER AIR (Record, SCFH)
BLOWBY (Record, SCFH)
M JIGNITION ADVANCE? (35 + 1° Before Top
| Dead Center, BTDC)|
S
C |OiL HEATER POWER {Record, W)

T275°F (135.09C) for SAE 10W; 290°F (143.5°C) for SAE 20, 30, 40, 50 and multiviscosity graded oils

2 Required during hours: 1, 11, 21, 31

OIL DRAIN WEIGHT USED OIL ADD'N WEIGHT
at h at
OIL & CAN OIL & CAN
- CAN - CAN
olL b olL

h

b

FRESH OIL ADD'N WEIGHT
at h
OIL & CAN
- CAN
ol Ib

OIL SAMPLE WEIGHT
at
OIL & CAN
- CAN
OolL

OIL CONSUMPTION, Ib/h,
at h
ADD minus DRAIN =
divided by 10 =
b POUNDS per HOUR

NOTE: Oil Gallery Temperature - Refer to procedure, section 11.3, for vicosity-related temperatures.

FIG. A5.2 Test Data Log Sheet
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A6. MEASUREMENT OF PISTON-TO-SLEEVE CLEARANCE

A6.1 Conduct the piston-to-sleeve clearance measurements TABLE A6.1 Piston-to-Sleeve Clearance
with the sleeve, barrel assembly, cylinder head, piston, and Sleeve Diameters, in. (mm) Taper
measuring tools at room temperature. TOP MIDDLE BOTTOM  in.  (mm)
A6.2 Use measuring tools having an accuracy of at leastogiudina ] > H ]
0.0001 in. (0.003 mm). Out-of-Round i j k
. =(L fa, b —| Il f a, b,
A6.3 Install the sleeve into the barrel assembly and torque ﬁ: ELZEZEE Ef 3 e 3{ fc))_((ssnr?;:;t; ; e (?rrf():)
the cylinder head into place. i = (Largest of a or d)—(smallest of a or d)
j = (Largest of b or e)—(smallest of b or e)
A6.4 Measure the sleeve diameter in the transverse (be- K= (Largest of c or h—(smallest of ¢ or f)
tween the valves) direction at the top, middle, and bottom of Piston Skirt Diameters
the sleeve using a bore gage and the bore measurement ladder Middle m
(see Fig. A6.1). Record the measurements in the appropriate B?;“’g: n
spaces i.n a_table such as Table A6.1.. Repeat the preceding for A\,erapge Z
the longitudinal (across the valves) direction. b = (Largest of m or n)—(smallest of m or n)
. . . . q=(m+n)2
A6.5 Heat the piston so that the piston pin can be installed Piston-to-Sleeve Clearance ((b + c)/2) - q)
wtihout using any force. Do not exceed 150°F (65.5°C) piston
temperature. Allow the piston to return to room temperature
before measuring. Measure the piston skirt at the middle an —@3 ) ]
bottom of the skirt as indicated in Fig. A6.2. Record the | -
measurements in the appropriate spaces in a table such as Tal’lg — -_—_—;11
AGL G| fn)
l_—:_— — P f»-u._.]f_f
—
;1 | MIDDLE
—p e ———— —o-——l—- ; -
6.5 in.
(165 mm) \ll .5 in. (38 mm)
“‘“‘““1‘ BOTTOM
4.5 in. FIG. A6.2 Measuring Points for L-38 Piston
(114 mm)
A6.6 Calculate the sleeve bore diameter to be used for the
piston-to-sleeve clearance using the middle and bottom trans-
—_— verse measurements according to Table A6.1.
0 A6.7 Calculate the sleeve taper according to Table A6.1.
2.5 in.
(64 mm) A6.8 Calculate the sleeve out-of-round according to Table
A6.1.
A6.9 Calculate the piston diameter to be used for the
]

piston-to-sleeve clearance using the middle and bottom mea-
SIDE VIEW FRONT VIEW surements in accordance with Table A6.1.

Note 1—Overall dimensions are not critical. . . .
Note 2—Make the ladder of brass or aluminum to prevent liner AB.10 Calculate the piston taper in accordance with Table

scratching. AB.1.
Note 3—Holes should be sized as dictated by the bore measurement . .
device which will be used. A6.11 Calculate the piston-to-sleeve clearance in accor-
FIG. A6.1 L-38 Bore Measurement Ladder dance with Table A6.1.
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A6.12 The piston-to-sleeve clearance as determined ineplace the liner, the piston, or both depending on their relative
Table A6.1 shall be within the range from 0.0012 to 0.0025 insize.
(0.030 to 0.063 mm). If the clearance falls outside of this range,

A7. CONTROL CHART TECHNIQUE FOR A LABORATORY’S SEVERITY ADJUSTMENT (SA)

A7.1 Include all operationally valid calibration tests in a A7.4 As subsequent tests are added, multiply the previous
laboratory control chart. EWMA by 0.8 and the test being added by 0.2. The sum of
these two products is the EWMA until another calibration test

A7.2 Integrate the calibration tests into a control chart inig ~onqucted.

the order of test completion date/time.

A7.3 A minimum of two calibration tests are required to A7-5 APpply an SAto each subsequent non-reference result
initialize a control chart. when the absolute value of an EWMA is greater than 0.600.

alculate this adjustment after first rounding the EWMA to
A7.3.1 Subtract the target mean value for each reference Oiuree places after the decimal. Convert the resulting EWMA to

- . . . 1
from the 40-h test result with each oil. Divide the differences ppropriate units since the EWMA is unitless; multiply the
WMA by 9.0 for total bearing weight loss. This multiplier is

obtained by the target standard deviations for the oils. (Targ
an estimated reproducibility standard deviation of an oil near

mean and standard deviation values are periodically publishe
by the TMC.) Multiply the first delta/s value by 0.16 and the the pass/fail limit, and is subject to update by way of TMC

second delta/s by 0.2. Add the results of these two products, . -
This is the initial exponentially weighted moving averagememoranda. Multiply the converted EWMA values by -1,

(EWMA). The 0.16 weighting is equivalent to calculating an round this product to one place after the decimal, and add the

: : ..~ 7 calculated SA value to each non-reference result until another
EWMA after each of the first two tests using 0.8 weighting in " X
each calculation {(that is, 0.8((8 0.8)+ (0.2x deltass calibration test updates the EWMA.
1)) = (0.16 X delta/g) which would then be added to A7.5.1 When applying an SA to bearing weight loss, if the
(0.2 X delta/s)}. resulting value is less than 0.0, it shall be recorded as 0.0.

A8. RECOMMENDED NEW LINER HONING PROCEDURE

A8.1 Remove new liner from box and clean protective A8.5 After reaching the desired coarse honed liner diam-
coating from the liner. eter, allow liner to cool to room temperature and coarse hone to

. . . . within 0.0005 in. (0.013 mm) of the desired diameter before
A8.2 Install fret ring and liner into cylinder barrel. Install beginning the finish honing

head gasket and stress plate, torque to specified setting. Fig.

A8.1 shows a recommended stress plate. A8.6 Complete honing with finishing stone to desired liner

A8.3 Set cylinder barrel fixture and cylinder barrel into diameter and surface finish. The approximate number of
Sunnen CK-10 or CV-616 honing machine and secure. Figstrokes will depend on the finishing stone selected.
A8.2 shows a recommended cylinder barrel fixture. The
appropriate honing machine setups and honing stone selectionsA8.7 Final liner measurements shall be made in the actual
are in Table A8.1. cylinder barrel of the power section to be used.

A8.4 Coarse hone liner to within 0.001 in. (0.025 mm) of
determined finish diameter. During coarse honing, it is recom;
mended to rotate and clean stones after every 30 strokes andE
measure liner between stone rotations for correct taper.

A8.8 This procedure is to be used only for initial new liner
oning. For used liners, follow the procedure in 9.4.3 of the
%8 Procedure, Test Method D 5119.
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TABLE A8.1 Honing Machine Setups and Honing Stone Selection

Honing Machine Setup

Honing Machine Model No.

Parameter
CK-10 CV-616

Honing oil flow, gpm 2 2

Spindle speed, r/min 155 170

Stroke rate, spm 46 57

Stroke length, in. 71t07.25 7107.25

Over-stroke, in. 0.375 0.375

Honing Stones
Desired Hone Honing S_tone No. of S_trokes
Selection (approximate)

Coarse hone EHU 525 —
Finished hone JHU 625 10
Finished hone JHU 820 4

A9. L-38 OIL PRIMING PROCEDURE

A9.1 Prior to engine starts, confirm that the crankcase has A9.4 Motor the engine, using the starter, until the oil

been filled with test oil to the required level. pressure gage shows a pressure increase.
A9.2 Disconnect the fuel supply. A9.5 Cease motoring and reinstall the spark plug.
A9.3 Remove the spark plug. A9.6 Start the engine.

A10. ALTERNATIVE CRANKCASE BREATHER CONFIGURATIONS

A10.1 See Fig. A10.1 for L-38 crankcase breather detail.

26



A8 D 5119 — 02
“afl

o
=1
e
o
o o um—11/2-in X6 -in. NIPPLE
(=
Qe
-3 | 1 5/8 (PC41) FREEZE PLUG
4 REQUIRED
[d
©
<
o~

1/8-in. DIA HOLE
EQUAL SPACE
4 PLACES

FREEZE PLUG
1 5/8-in. - PC41

NOTE: MOUNT FREEZE PLUGS EQUAL SPACED.
ROTATE PLUGS SO THAT HOLES IN EACH PLUG
ARE OFF SET WITH EACH OTHER.

FIG. A10.1 L-38 Crankcase Breather Detail

Al1l. CONNECTING ROD BEARING CLEANING PROCEDURE

Al1l1.1 Soak bearings halves in a container of Stoddard Al11.2 Dip the bearing halves in pentang/grning—
Solvent for a minimum of 5 min to remove all traces of oil Flammable. Health hazard.).
from both the front and back of the bearing. During the soak . . .
. . . . Al11.3 Place bearing halves into vacuum desiccator for a
period, move the bearing halves back and forth in solvent using,

. ] . . ximum of 5 min.
protective tongs. Exercise care when handling the bearings gaximum o S

prevent nicking or scratching the bearing surface. (Always use Al11.4 Remove bearing halves from the vacuum desiccator
latex gloves and protective tongs when handling bearings.) and inspect for any traces of residue. Repeat steps A11.1-A11.3
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if any residue is evident. Al11.7 Store the bearing halves in a vacuum desiccator until

. . ready for installation into engine. The test break-in shall be
ALLS5 Weigh and record, to the nearest tenth Ofam'"'gram'started within 8 h of removal of the bearing halves from the

the initial weight of the whole test bearing and the separate . s :
weights of the top and bottom halves. vacuum desiccator. If 818 h limit is exceeded, clean, weigh,

and install a new set of bearings.
A11.6 Coat the bearing halves with EF-411.

Al12. L-38 ELECTRONIC IGNITION CONVERSION PROCEDURE

tor assembly modification: MOUNTING ASSEMBLY

A12.1.1 Ford distributor assemty, part number D7EE-
12127DA.

Al12.1.2 Ford wiring harnes®, part number D7JL-
12A200A.

A12.1.3 Ford modulé? part number D9VZ-12A199A.

Al12.1.4 Ford stator assemiy, part number D5TZ-
12A112A.

Al12.1.5 Ford ignition coif® part number D5AZ-12029-A.

Al12.1.6 GM flat washet® part number 1984361.

A12.1.7 Nylon flat washéet;}” part number 98160-0.62.

A12.1.8 Fabricated distributor sh&ft®

A12.1.9 Fabricated hold down assembfy.

A12.1 The following parts are needed for the Ford distribu- CUT OFF VACUUM ADVANCE \

Al12.2 Disassemble the Ford distributor assembly, part
number D7EE-12127DA. Save all parts as most will be needed
for the modification.

Al12.3 Remove the vacuum advance mounting assembly
from the Ford distributor housing as shown in Fig. A12.1.

Al2.4 Modify the lower section of the Ford distributor
housing as shown in Fig. A12.2.

FIG. A12.1 Modified Ford Distributor Housing

Al12.5 Remove three of the four existing poles from the
armature of the Ford distributor assembly as shown in Figupper p|ate a”gning the hole witis-in. (476_mm) hole in the
A12.3. Reference the grooves for the roll pin to remove thgower plate as shown in Fig. A12.5.
correct poles.

_ A12.9 Attach the upper and lower plates usingiain.

A12.6 Remove the fibre seat from the lower plate assemb|¥4_76_mm) rivet as shown in F|g Al125. Use a spacer of
of the Ford distributor and enlarge the hole¥a in. (4.76  approximately 0.085-in. (2.16-mm) between the two plates.
mm), as shown in Fig. Al12.4.

A12.10 Cutthe drive gear from the upper collar of the Ford

Al12.7 Remove the vacuum advance bracket from the upp&fistributor assembly. Fig. A12.6 shows the dimensions of the
stator assembly plate of the Ford distributor shown in Flgconar after the drive gear has been removed.

A12.5.
A12.11 Fabricate the distributor shaft as shown in Fig.

A12.8 Center and mount the upper stator assembly plata12.7. The shaft may also be purchased from Texas Tool
onto the lower plate. Drill &e-in. (4.76-mm) hole through the  Mmakers, Incorporated*®

— A12.12 Fabricate the hold down assembly as shown in Fig.
*® Apparatus is available from any Ford dealership. A12.8 and Fig. A12.9. The hold down assembly may also be

46 Apparatus is available from any General Motors dealership.
4"The sole source of the apparatus known to the committee at this time i?urChased from Texas Tool Makers, Incorporeﬁé’a.

Accurate Screw Machine Co., 19 Baltimore St., Nutley, NJ 07110. g L . .
“8The sole source of the apparatus known to the committee at this time is Texas Al12.13 Assemble the modified distributor as shown in F'Q-

Tool Makers, Inc., San Antonio, TX 78216. A12.10.
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1.730-n.
{43.94-mm}

e — g

l«— 1406(Hn4—-—l

(26.92-mm)

MODIFY TO SPECIFICATION SHOWN
FIG. A12.2 Modified Ford Distributor Housing

REFORE *

* CUT OFF THESE 3 POLES

3/32-in. X 1/4-in. (2.38-1muo X 6.35-mm) ROLL PIN

AlI'TLR

FIG. A12.3 Modified Ford Distributor—Armature
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REMOVE FIBRE SEAT
AND DRILL TO 3/16-in.(4.76-mm)

FIG. A12.4 Modified Ford Distributor—Lower Plate Assembly
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/ CUT OFF VACUUM ADVANCE
BRACKET FLUSH WITH PLATE

NOTE:

MOUNT STATOR ASSEMBLY AND CENTER ON

LOWER PLATE, DRILL 3/18-In. (4.78-mm) HOLE

IN STATOR ASSEMBLY TO MATCH LOWER

PLATE. ATTACH STATOR TO LOWER PLATE

USING 3/16-n. x 1/2n. (4.76-mm x 12.7-mm)

RIVET AND .085-in. (2.16-mm) SPACER BETWEEN
0O STATOR AND LOWER PLATE.

LOWER PLATE ASSEMBLY

STATOR ASSEMBLY

TO DISABLE TIMING ADVANCE

DRILL 3/18-in. {4.78-mm) HOLE AND FIX
STATOR TO COVER PLATE WITH 3/184n. x
1/2-in, (4.76-mm x 12.7-mm) RIVET.

FIG. A12.5 Modified Ford Distributor—Stator Assembly

T0P
0.7500-in.{19.05-mm}) DIA. OD
ISTRIBUTOR
LABECO D 0.53124n.(13.49-mm) DIA. 1D
SHAFT RETAINER RING
L~ 0.125n. ( 3.16-mm) DIA. DRILL THRU
USE 1/84n. x 3/4-in. (3.18-mm x 19.051m)
1 —©&—'T ROLLPIN
SIDE

FIG. A12.6 Modified Ford Distributor—Upper Collar
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CUT GROOVE
/ 0.1004n. (2.54-mm) WIDE, 0.0504n. (1.27-mm) DEEP

=— 0.589-n. DIA
(14.96.mm)

U004 |

(wwgsse}

|

f

1

1

|

T le— 0.624-n. DIA.
{15.85.mm}

0.981-In.-‘k1.12¢in.——
| "7(24.92-mm) (28.55-mm)

0.1204n> 0.8724n. DIA.
W mm 1 ‘}g—}_ {5515 ma
T - 0.531-in. DIA.
0.312-in. P
S o
‘__:’E\.' SPIRAL GROOVE
£ <E 0.035-in. (.89.mm) WIDE
€ 8- 0.007-in. (.18-mm) DEEP
£3 N
B oL
e
ol
-~ \ 0.125-in.(3.18-mm) DIA. !
L DRILL TR g
Vs
- 0.1254n. I
™ F {3.18:mm)
E[A 0.1564n] ' | 0.203:in.
%-E* De-mm G 16mm)
] o'g
<€ |
oo < 123N,
u’*,: @ 24mm)
g l TIP DIMENSION
1
0.268in. T}
(8.81-mm)

FIG. A12.7 Fabricated Distributor Shaft
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1.065 in, DIA.
(27.05 mm)
0.188 in.
(4.78 mm} §
= Varmuseremn
£E !
SEl |
€8 &g |
L
ng i
10,125 in.j !
@.18mm ||
S

e ————— 2,600 in.

(9.53 mm) .
Li@ L AR

(66.04 mm)
(11.43 mm}

1/4 in.(6.35 mm)
- 20 DRILL & TAP THRU

0.438 in.(11.13 mm) R. (2 PLACES)
ROUND ALL OTHER CORNERS

0.450 in]

1
0.188in. J ’_I L' t
(4.78 mm) 0.188 in.
(4.78 mm)

MATERIAL: ¥-in. 1 ¥2-in. X 2 %-in. (9.53-mm, 38.1-mm X 66.68-mm) PLATE

FIG. A12.8 Fabricated Hold Down Clamp

1.750in

I‘(&?ﬁ"',i?mﬂ

0.250 in. (6.35 mm) DIA, DRILL {4445 mm
THRU CO(UNTERE‘ZINK 0.437 in. r
(11.10 mm) 0.094 in_ (2.39 rm)
2 PLACES T
€€ 97
LDE .;E
P 2
S8 b
~—r aw
| MR 2

1.100in. (27.94 mm) o\ _/

7.090 in. (24.69 mm)

0.275 in. SLOT—
{6.99 mm)

ww L2°pL)
U] 625

(ww 5Z'€9)
ul 06%°C

(24.89 mm)

MATERIAL: ¥s-in. (3.18-mm) PLATE

FIG. A12.9 Fabricated Hold Down Clamp
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STATOR ASSEMBLY

DISTRIBUTOR SHAFT

A

ARMATURE
AND ROLL PN
] i |

g

N 7\__ PLASTIC WASHER

[‘ﬂ"[ m BETWEEN SHAFT & HOUSING

HOLD DOWN _/
CLAMPDO DISTRIBUTOR HOUSING
[ cusmwes } /

0 ]
TN FLAT WASHER
SHAFT RETAINER RING & ROLL PIN

Lt
vl

(—“
/

.

FIG. A12.10 Modified Ford Distributor Assembly

Al13. SYSTEM RESPONSE PROCEDURE

A13.1 Temperatures A13.2.1.2 After completion of the leak down step, deter-

A13.1.1 Remove the thermocouples from the engine locaMine the system response. Connect an air line to the sensor line
tions as specified in 6.3.5. Allow the thermocouples to stabilizétnd pressurize the system to the specified mean range. Let the
at ambient conditions, then insert them into a bucket of iceSystem stabilize, then quickly release pressure, record the time

water. Record the time it takes the thermocouple to reach 63 9§ reach 63 % of its final value. _
of its final value. A13.2.1.3 For vacuums, follow the procedure in A13.2.1.1

and A13.2.1.2, replacing air pressure with vacuum.

A13.2 Pressures and Vacuums

A13.2.1 First perform a leak-down on the measuremenf\13.3 Fuel Flow
system to ensure there are no air leaks by following the test in A13.3.1 Flow Meters—Establish a steady flow at the nor-
A13.2.1.1 and A13.2.1.2, mal test specified mean range, let system stabilize. Shut off the

A13.2.1.1 Disconnect the sensor lines at the engine localow and record the time required to reach 63 % of the final
tions as specified in 6.3.4. Connect an air line to the sensor linealue.
and pressurize the line slightly above the specified range A13.3.2 Fuel Weight Scale-Follow the normal procedure
required (test specification). Isolate the air pressure in thér measuring fuel usage. This value will represent the total
sensor line and remove the source from the sensor line. If théme it takes to measure the fuel flow (from the time the engine
system leaks down, repair the leak before proceeding. begins to run from the beaker until the scale trips).
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Al13.4 Speed record the time required to reach 63 % of the final value.
A13.4.1 Using a frequency counter, inject a frequency so/Veights used should represent the normal readout value.

that the system readout stabilizes at the test specified meanA13.5.2 For manual measurements, a stopwatch with 0.1 s

value. Use a frequency device to determine the engine speeithicrements is required.

Disconnect the frequency device, measure and record the time

required to reach 63 % of the final value.

A13.5 Load and Oil Weight Scale

A13.5.1 Place a weight on a measurement device and let
reading stabilize. Quickly remove the weight, measure, and

Al4. AIR-FUEL RATIO MEASUREMENT

Al14.1 Correct carbon monoxide (CO) or carbon dioxide Observed Percent GOX 100 _ Corrected CQ  (A14.2)
(CO,) measurements to an oxygen-free basis, using the formu- 100-5 (Observed % © '
las below, prior to determining air-fuel ratio. Use corrected CO
or CQ, value and Fig. A14.1 to determine air-fuel ratio.

Observed Percent C& 100
100-5 (Observed % Q9 Corrected CO (A14.1)
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FIG. A14.1 Weight Air-Fuel Ratio Determination
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A15. L-38 ENGINE EVALUATION REPORT FORMS

A15.1 Figs. A15.1-A15.9 are examples of report forms
used for the L-38 engine evaluation of engine oils.
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VERSION 19990621
CONDUCTED FOR
TSTSPON1
TSTSPON2
rasvarrp | Y = VALID
I = INVALID
Test Number
: # of Runs on Power Section Since .
Test Stand: STAND Power Section Last Ref. Total Runs on Power Section
ENGINE | RENRUNSR/ENRUNSR RTOTENRN/ TOTENRUN
Date Completed: DTCOMP/RDTCOMP | Completion Time: REOTTIME/EOTTIME
. A
Oil Code: cMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes: ALTCODE1 ALTCODE2 ALTCODE3

In my opinion this test OPVALID been conducted in a valid manner in accordance with Test Method D5119 and the
sppropriate amendments through the information letter system. The remarks included in this report describe the anomalies

associated with this test.

* CMIR or Non-Reference Oil Code

SUBMITTED BY:

SUBLAB

Testing Laboratory
SUBSIGIN

Signature
SUBNAME

Typed Name

SUBTITLE

Title

FIG. A15.1 Operational Validity Statement — Reference or Non-Reference Oil
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* BRT-Below ring travel

Laboratory: LAB TMC Oil Code: IND
Lab Oil Code: LABOCODE Oil Code: CMIR
Test Stand No.: STAND Date Started: RDTSTRT
Power Section No.: ENGINE Date Completed: RDTCOMP
No. Runs Since Ref.: _ RENRUNSR Completion Time: REOTTIME
Runs on Power Section; RTOTENRN Test Bearing Part No.: __ BEARNUM
Fuel Type: FUELTYPE Bearing Batch No.: BEARBAT
Fuel Lot: FUELLOT Bearing Lot No.: BEARLOT
Test Length: RTESTLEN Bearing Storage Oil Lead: BEARLEAD
Viscosity Grade:
Bearing Weight Loss, mg
40 Hours
Top RBWTHO0O40
Bottom RBWBHO040
Total RTBWHO40
Adjusted H-24 Total | RCBWH040
TARGET STD. DEV.
TARBWL SBWL
Power Section Deposit Inspection
Rating
Varnish Deposits Sludge Deposits
Piston Skirt PISKVRT Rocker Arms RASRT
Rocker Arm Cover RACVRT Rocker Arm Cover RACSRT
Push Rod Cover PRCVRT Push Rod Cover PRCSRT
Cylinder Wall, BRT* CYLWLVRT Qil Screen OILSRT
Oil Pan OILPNVRT Oil Pan OILPNSRT
Crankcase Cover Plate CCCPVRT Crankcase Cover Plate CCCPSRT
Total Varnish TEV Total Sludge TES

FIG. A15.2 Bearing Wear and Deposit Ratings — Reference Oll
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Test Purchaser 1:; TSTSPONI

Test Purchaser 2: ISTSPON2

Test Sponsor Oil Code:_ OILCODE

Testing Lab: LAB Test Oil Temp.(275 or 290° F): OILTEMP
Viscosity Grade: SAEVISC Lab Internal Oil Code: __ LABOCODE
Test Stand No.: STAND Date Started: DTSTRT
Power Section No.: ___ ENGINE Date Completed: DTCOMP
No. Runs Since Ref.: _ ENRUNSR Completion Time: EOTTIME
Runs on Power Section; TOTENRUN Test Bearing Part No.:  BEARNUM
Test Fuel Type: FUELTYPE Bearing Batch No.: BEARBAT
Test Fuel Lot: FUELLOT Bearing Lot No.: BEARLOT
Test Length: TESTLEN
Formulation/Stand: FORM
Bearing Weight Loss, mg
TST _H040 Hours

Top BWLTHO40

Bottom BWLBH040

Total TBWLHO040

Corrected H-24 Total| CBWLHO40

Severity Adjustment BWL_SA

Adjusted Total FBWLHO40

Test Stand/Power Section Reference History

Stand No.__STAND

Power Section No. ENGINE Runs on Power Section RTOTENRN

Bearing Batch No. BEARBAT Bearing Lot No.__ BEARLOT

Industry Completion Completion Total Brg  Corrected Oil

Ref. Test Date  Time(hour) weight H-24 Code

Oil Code loss, mg Total

| mp | rorcomp |REOTTIME |RTBWHO40 | RCBWHO40|  CMIR |
Power Section Deposit Inspection
Rating
Varnish Deposits Sludge Deposits

Piston Skirt PISKVRT Rocker Arms _RASRT
Rocker Arm Cover RACVRT Rocker Arm Cover ~ _RACSRT
Push Rod Cover PRCVRT Push Rod Cover PRCSRT
Cylinder Wall, BRT* CYLWLVRT Oil Screen OILSRT
Oil Pan OILPNVRT Oil Pan OILPNSRT
Crankcase Cover Plate CCCPVRT Crankcase Cover Plate CCCPSRT
Total Varnish IEV Total Sludge TES

» BRT-Below ring travel

FIG. A15.3 Bearing Wear and Deposit Ratings — Non-reference Oil
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Laboratory _L4B Oil Code: CMIR/OILCODE
Date Completed: DTCOMP/RDTCOMP

Test No.: STAND  /ENGINE | RENRUNSR/ENRUNSR | RTOTENRN/TOTENRUN
Formulation/Stand _ FORM

Minimum Maximum Average Specification
Speed, r/min IRPM XRPM ARPM (3150 £ 25)
Air/Fuel Ratio IAFR XAFR AAFR (14.0 + 0.5:1)
Fuel Flow, Ib/h IFFLO XFFLO AFFLO 4.75 £ 0.25)(2.25 + 0.11 kg/h)
Output, bhp IPWR XPWR APWR (Record)(bhp = 745.6999 W)
Oil Heater Input, W IOHTRIN XOHIRIN AOHTRIN (Record)
Crankcase Off-Gas, Std. ft/h ICCOG XCCOG =~ ACCOG (30 + 1)850 + 28L/h)

Temperatures, °F{°C = (°F-32)/1.8}

Sump Oil ISUMPT  XSUMPT  ASUMPT (Record)

Gallery Oil * IGALT XGALT AGALT (290 0r275 + 2)(143.50r135.0 + 1°C)
Coolant-In ICOLIN  XCOLIN  ACOLIN (Record) ’
Coolant-Out ICOLOUT XCOLOUT ACOLOUT (200 + 2)93.5+ 1°C)

Delta T Coolant ICOLDT  XCOLDT  ACOLDT (10 + 2)5.6 + 1°C)

Intake Air IINAIRT  XINAIRT  AINAIRT (Record)

Pressures (in. Hg = 3.37685 kPa)

Oil, psig IOILPRS  XOILPRS  AOILPRS (40 + 2)(276 + 14 kPa)
Intake Man.Vac., in. Hg IIMNVACI XIMNVACI AIMNVACI (Record)

Exhaust, in. Hg. IEXPR XEXPR AEXPR (0 to 1)(0 to 3.4 kPa)
Crankcase Vac., in. HO _ICCV Xxccv Accv (2.0 £ 0.5)500 + 120 kPa)
Spark Advance, °BTDC ISPKTIM  XSPKTIM  ASPKTIM G5+ 1)

Blowby, Std. ft7h IBLOBY  XBLOBY  ABLOBY (Record)

Oil Consumption, Ib/h (Ib/h = 0.4535924 kg/h)

0-10 h OILCHNEW _  (Record)

10-20 h OILCHO010 (Record)

20-30 h OILCHOQ20 (Record)

30-40 h OILCH030 _  (Record)

040h ___OILCHAVG _ (Record)

Maximum Qil Consumption OILCHMAX  (Record)

* (See Table 6 for Viscosity-Related Temperature.)

FIG. A15.4 Operational Summary — Reference or Non-reference Oil
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Oil Code: CMIR/OILCODE

Laboratory _LAB
Date Completed: DTCOMP/RDTCOMP

Test No.: STAND [ ENGINE | RENRUNSR/ENRUNSR | RTOTENRN/TOTENRUN

Formulation/Stand FORM

Power Section Measurements, inches A

Minimum Maximum Average  Specification

Valve Stem Clearance in Guide

Inlet . ... IVSCIN XVSCIN AVSCIN _ (0.002-0.004 in.)

Exhaust .. ... IVSCEX = XVSCEX = _ AVSCEX  (0.003-0.005 in.)
Connecting Rod Bearing Clearance ICRODCL  XCRODCL _ ACRODCL _ (0.0024-0.003 in.)
Main Bearing Clearance

Front e, IMBCF _ _ XMBCF _ __ AMBCF _ (0.002-0.003 in.)

Rear e, IMBCR XMBCR AMBCR _ (0.002-0.003 in.)
Connecting Rod Journal Out-of-Round XCRODOR (0.001 in. max)
Runs on Liner LINRUN  (Liner may be used as long as the piston to liner clearance is in the specified range)
Piston to Liner Clearance FPISLUNCL  (0.0012 to 0.0025 in.)

Oil Analysis
New

Hours Oil 10 20 30 40

Acid Number ACIDHNEW ACIDHOIO ACIDHO20 ACIDHO30 ACIDHO40

Viscosity® ¢St @40°C VIS HNEW VIS _HOIO VIS_H020 VIS_HO30 VIS_HO040

Viscosity® cSt @100°C VISIHNEW VISIHOIO VISIHO20 VISIHO30  VISIH040

Stripped Viscosity,” ¢St @100°C(for multiviscosity-graded oils only:

see MIL-L-2104)

% Viscosity ® increase,cSt @40°C
% Viscosity ° increase,cSt @100°C

SVIS100

PVISHO10 PVISHO20

PVISHO30  PVISH040

PVSIHOIO PVSIHO020

PVSIHO30 PVS1HO40

CRITICAL PARTS LISTING L.D. Code Received Date
Crankshaft CRANKID CRANKRD
Camshaft CAMSN CAMRD

Rod Bearings RBEARRD
Main Bearings MBEARID MBEARRD
Camshaft Bearings CAMBRID CAMBRRD
Connecting Rod CRODID CRODRD
Piston PISTSN PISTONRD
Cylinder Liner CLINID CLINRD

A1lin. = 25.4 mm.
s {°C = (°F-32)/1.8}

FIG. A15.5 Parts Measurement, Oil Analysis, and Critical Parts Listing — Reference or Non-reference Oil
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Laboratory: __LAB Oil Code: CMIR/OILCODE

Date Completed: DTCOMP/RDTCOMP

Test No.: STAND | ENGINE | RENRUNSR/ENRUNSR |/ RTOTENRN/TOTENRUN
Formulation/Stand: FORM

Number of Downtime Occurrences

DOWNHO001 | DDATH001 | DTIMHOOl1| DREAHO001

Other Comments

Number of Comment Lines TOTCOM

OCOMHO001

FIG. A15.6 Downtime Occurrences and Other Comments — Reference or Non-reference Oil
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Laboratory: LAB Oil Code: CMIR/OILCODE
Date Completed: = DTCOMP/RDTCOMP
Test No.: STAND /| ENGINE | RENRUNSR/ENRUNSR | RTOTENRN/TOTENRUN

Formulation/Stand  FORM

Number of Operational Outliers Occurrences  symocr

OUT _HO001 OUTPHO01 OREDHO001 OTIMHO0! ODP_H001

JOPARHOO1

FIG. A15.7 Operational Outliers Occurrences — Reference or Non-Reference Oil
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kaboratorv LAB

Oil Code:  CMIR/OILCODE

bate Completed: PTCOMP/RDTCOMP

Test No.:STAND

| ENGINE | RENRUNSR/ENRUNSR

| RTOTENRN/TOTENRUN

[Formulation/Stand FORM

Maximum Calculated

Friury Parameter Deviatioa Deviation
Percentage Percentage

F.ngine 0Oil Gallery Temperature, °F 2.5% GALTDP
anine Coolsnt Outlet Temperature, °F 2.5% ~OLOUTDP
anine Coolsnt Delta Temperature, °F 2.5% NOLDTDP
[Fuel Flow, Ib/h 2.5%  FFLODP
Crankcase Off Gas, std. ft'/h 2.5% ~COGDP
Dil Pressure, psi 2.5% DILPDP
Focondary Parameters
[Engine Speed, r/min 5% DMDP
AFR 5% AFRDP
Ppark Advance, BTDC 5% SPRKADP
[Exhaust, in. Hg 5% [EXPRDP
Crankcase Vacuum, in. H20 5% CCVACDP

FIG. A15.8 Deviations of Operational Parameters — Reference or Non-reference Oil
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Laboratory _LAB Oil Code: CMIR/OILCODE

Date Completed: DTCOMP/RDTCOMP

Test No.: STAND [ ENGINE | RENRUNSR/ENRUNSR | RTOTENRN/TOTENRUN

Formulation/Stand _ FORM

PARAMETER SENSING CALIBRATION | RECORD | OBSERVATION RECORD LOG SYSTEM
DEVICE FREQUENCY | DEVICE | FREQUENCY | FREQUENCY | FREQUENCY | RESPONSE

COLDSENS COLDRECD COLDORSF COLDRECF COLDLOGF COLDSYSR

ENGINE SPEED RPMSENS RPMCALF RPMRECD RPMOBSF RPMRECF RPMLOGF RPMSTSX
‘K‘i&"’ AFRSENS AFRCALF AFRRECD AFROBSF AFRRECF AFRLOGF AFRSTSR
EXHAUST [EXPRSENS EXPRCALF EXPRRECD EXPROBSF EXPRRECF EXPRLOGF EXPRSTSR
PRESSURE (in. Hg)
[ CRANKCASE CCOGSENS CCOGCALF CCOGRECD CCOGOBSF CCOGRECF CCOGLOGF CCOGSYSR
OFF Gfs \
"oaﬁlf(%s%‘ OPSISENS OPSICALF OPSIRECD OPSIOBSF OPSIRECF OPSILOGF OPSISYSR
CRANKCASE CCVYSENS CCVCALF CCYRECD CCVOBSF CCVRECF CCVLOGF CCVSISR
IVAC. (in H20)
LEGEND:
1) OPERATING PARAMETER
) THE TYPE OF DEVICE USED TO MEASURE TEMPERATURE, PRESSURE OR FLOW
3) FREQUENCY AT WHICH THE MEASUREMENT SYSTEM IS CALIBRATED
@) THE TYPE OF DEVICE WHERE DATA IS RECORDED
LG - HANDLOG SHEET
DL - AUTOMATIC DATA LOGGER
SC - STRIP CHART RECORDER
C/M - COMPUTER, USING MANUAL DATA ENTRY
C/D - COMPUTER, USING DIRECT I/0 ENTRY
&) DATA ARE OBSERVED BUT ONLY RECORDED IF OFF SPEC
(6) DATA ARE RECORDED BUT ARE NOT RETAINED AT EOT
@) DATA ARE LOGGED AS PERMANENT RECORD, NOTE SPECIFY IF:

®
®

SS - SNAPSHOT TAKEN AT SPECIFIED FREQUENCY

AG/X AVERAGE OF X DATA POINTS AT SPECIFIED FREQUENCY

TIME FOR THE OUTPUT TO REACH 63.2% OF FINAL VALUE FOR STEP CHANGE AT
INPUT

SEE ANNEX A14 FOR PROCEDURE TO DETERMINE SYSTEM RESPONSE OF THE
CHARACTERSITICS OF THE ACQUISITION SYSTEM.

FIG. A15.9 Data Acquisition Details — Reference or Non-Reference Oil
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A16. DATA DICTIONARY

Al16.1 See Fig. A16.1 for data dictionary and Fig. A16.6 for
repeating field specifications.

a7
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21- jun-1999
Data Dictionary
Test Field Field Decimal Data

Sequence Form Area Name Length Size Type Units/Format Description
10 1 L38 VERSION 8 0 C YYYYMMDD L38 VERSION 19990621
20 1 L38 TSTSPONT 40 o c CONDUCTED FOR, FIRST LINE
30 1 L38 TSTSPON2 40 0 c CONDUCTED FOR, SECOND LINE
40 1 L38 LABVALID 1 0 C V, 1TORN TEST LAB VALIDATION (V, I OR N)
50 1 L38 STAND 5 0 c STAND
60 1 L38 ENGINE 6 0 c POWER SECTION
70 1 L38  ENRUNSR 3 0 c NO. OF POWER SECTION RUNS SINCE REF.
80 1 L38  RENRUNSR 3 0 c REFERENCE NO. OF POWER SECTION RUNS SINCE REF.
90 1 L38 TOTENRUN 5 0 C RUNS ON POWER SECTION
100 1 L38 RTOTENRN 5 0 c REFERENCE RUNS ON POWER SECTION
110 1 L38 RDTCOMP 8 0 C YYYYMMDD REFERENCE COMPLETED DATE (YYYYMMDD)
120 1 L38 DTCOMP 8 0 C YYYYMMDD DATE COMPLETED (YYYYMMDD)
130 1 L38 REOTTIME 5 0 C HH:mM REFERENCE END OF TEST TIME (HH:MM)
140 1 L38 EOTTIME 5 0 C HH:MM TIME COMPLETED (HH:MM)
150 1 L38 OILCODE 38 0 c NON-REFERENCE OIL CODE
160 1 L38 CNMIR 6 0 c CMIR
170 1 L38 FORM 38 0 c FORMULATION/STAND CODE
180 1 L38 ALTCODE1 10 ] c ALTERNATE OIL CODE 1
190 1 L38 ALTCODEZ2 10 ) C ALTERNATE OIL CODE 2
200 1 138 ALTCODE3 10 0 c ALTERNATE OIL CODE 3
210 1 L38 OPVALID 8 0 [ OPERATIONAL VALIDITY -- HAS/HAS NOT
220 1 L38 SUBLAB 40 0 c TESTING LABORATORY NAME
230 1 L38 SUBSIGIM 70 0 c TESTING LABORATORY VALIDATORS SIGNATURE
240 1 L38  SUBNAME 40 [} c TESTING LABORATORY VALIDATORS NAME
250 1 L38 SUBTITLE 40 0 c TESTING LABORATORY VALIDATORS TITLE
260 2 L38 LAB 2 0 c LAB CODE
270 2 L38 IND [ 0 c TMC OIL CODE
280 2 L38 LABOCODE 12 0 [ LABORATORY INTERNAL OIL CODE
290 2 L38 RDTSTIRT 8 0 C YYYYMMDD REFERENCE STARTING DATE (YYYYMMDD)
300 2 L38  BEARNUM 8 0 C nonnOn-n TEST BEARING PART NO. (nnnnnn-n)
310 2 L38 FUELTYPE 16 0 c FUEL TYPE
320 2 L38  BEARBAT 5 0 C mn-nmn BEARING BATCH NO. (nn-nn)
330 2 L38 FUELLOT 8 0 C ncennnn TEST FUEL LOT (nccnnnnn)
340 2 L38  BEARLOT 2 0 C mn BEARING LOT NO. (mn)
350 2 L38 RTESTLEN 3 0 Z MHHH REFERENCE TEST LENGTH (HHH)
360 2 L38  BEARLEAD 3 0 N PPM BEARING STORAGE OIL LEAD: (PPM)
370 2 L38 RSAEVISC 7 0 c REFERENCE SAE VISCOSITY GRADE
380 2 L38  RBWTHxxx [ 1 N MG REFERENCE TOP HALF BEARING WEIGHT LOSS (MG)
390 2 138 RBWBHxxx 6 1 N MG REFERENCE BOTTOM HALF BEARING WEIGHT LOSS (MG)
400 2 L38  RTBWHxXxXX 6 1 N MG REFERENCE TOTAL BEARING WEIGHT LOSS (MG)
410 2 L38  RCBWHXXX 6 1 N NG REFERENCE CORRECTED TOTAL BEARING WEIGHT LOSS (MG)
420 2 L38 TARBWL 5 1 N TARGET BWL
430 2 L38 SBwWL 4 1 N BUL STD DEV
440 2 L38 PISKVRT 5 2 N MERITS PISTON SKIRT VARNISH DEPOSITS, (MERITS)
450 2 L38  RASRT 5 2 N MERITS ROCKER ARMS SLUDGE DEPOSITS, (MERITS)
460 2 L38  RACVRT 5 2 N MERITS ROCKER ARM COVER VARNISH DEPOSITS, (MERITS)
470 2 L38  RACSRT 5 2 N MERITS ROCKER ARM COVER SLUDGE DEPOSITS, (MERITS)
480 2 L38 PRCVRT 5 2 N MERITS PUSH ROD COVER VARNISH DEPOSITS, (MERITS)
490 2 L38  PRCSRT 5 2 N MERITS PUSH ROD COVER SLUDGE DEPOSITS, (MERITS)
500 2 L38 CYLWLWRT 5 2 N MERITS CYLINDER WALL, BRTA VARNISH DEPOSITS, (MERITS)
510 2 L38  OILSRT 5 2 N MERITS OIL SCREEN SLUDGE DEPOSITS,(MERITS)
520 2 L38 OILPNVRT 5 2 N MERITS OIL PAN VARNISH DEPOSITS,(MERITS)
530 2 L38 OILPNSRT 5 2 N MERITS OIL PAN SLUDGE DEPOSITS, (MERITS)

FIG. A16.1 Data Dictionary
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540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750

g3gig

810
820
830

850

870

910
920
930
940
950

970

1000
1010
1020
1030
1040
1050
1060
1070

SR D PSPPSR SEPTTEEENSERRESSPRPRERPRRTPPUVHNHVUMWUHWWWNNNNNDDN

L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
138
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
138
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38

Field
Name

CCCPVRT
CCCPSRT
TEV

TES
SAEVISC
OILTEMP
DTSTRY
TESTLEN
TST_Hxxx
BWLTHxxx
BWLBHXxx
TBWL HXoo
CBWLHXXX
BWL_SA
FBUL BXxX
IRPM
XRPM
ARPM
TIAFR
XAFR
AAFR
1FFLO
XFFLO
AFFLO
PR
XPWR
APWR
TOHTRIN
XOHTRIN
AOHTRIN
1CCOG
XCCOG
ACCOG
1SUMPT
XSUMPT
ASUMPT
1GALT
XGALT
AGALT
ICOLIN
XCOLIN
ACOLIN
1COLOUT
XCOLOUT
ACOLOUT
1COLDT
XCOLDT
ACOLDT
TINAIRTY
XINAIRT
AINAIRTY
10ILPRS
XOILPRS
AOILPRS

Field
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Report: ASTM Data Dictionary

Decimal Data

Length Size Type Units/Format

OOV VI N VUVMUVMNYSNSNSSSSTVNT VN0 WUWOLE~NWUW VW

MERITS
MERITS
MERITS
MERITS

tb/h
tb/h
tb/h
BHP

°F

PSIG
PSIG
PSIG

—-d D b D wh vd b od od D wd wd md b wd b wmd b wh wd e wd md b wd wh md D ok wd NN N e ed e e e kel el e e e D OO0 OO NNNN

Z E EEEZXZTZETEZEZEEZEZEEZEXETELZEZEZEEZEZEZZIZEEZIEZEEIZEXEZEZEZEZEZXIIEZETXZONONNONZEREE:EZX
“t%%

Description

CRANKCASE COVER PLATE VARNISH DEPOSITS,(MERITS)
CRANKCASE COVER PLATE SLUDGE DEPOSITS, (MERITS)
TOTAL ENGINE VARNISH DEPOSITS, (MERITS)
TOTAL ENGINE SLUDGE DEPOSITS,(MERITS)

SAE VISCOSITY GRADE

OIL TEMPERATURE

START DATE (YYYYMMDD)

NON-REFERENCE TEST LENGTH (HHW)

TEST HOURS(HHH)

BEARING WEIGHT LOSS TOP HALF (MG)

BEARING WEIGHT LOSS BOTTOM HALF (MG)
BEARING WEIGHT LOSS TOTAL (MG)

CORRECTED TOTAL BEARING WEIGHT LOSS (MG)
BEARING WEIGHT LOSS SEVERITY ADJUSTMENT (MG)
FINAL TOTAL BEARING WEIGHT LOSS (MG)

NIN ENGINE SPEED (R/MIN)

MAX ENGINE SPEED (R/MIN)

AVERAGE ENGINE SPEED (R/MIN)

MIN AIR TO FUEL RATIO

MAX AIR TO FUEL RATIO

AVG AIR TO FUEL RATIO

MIN FUEL FLOW (lb/h)

MAX FUEL FLOW (lb/h)

AVG FUEL FLOW (lb/h)

MIN LOAD (BHP)

MAX LOAD (BHP)

AVG LOAD (BHP)

MINIMUM OIL HEATER INPUT, (W)

MAXIMUM OIL HEATER INPUT, (W)

AVERAGE OIL HEATER INPUT, (W)

MINIMUM CRANKCASE OFF-GAS, (STD FT3/H)
MAXIMUM CRANKCASE OFF-GAS, (STD FT3/H)
AVERAGE CRANKCASE OFF-GAS, (STD FT3/H)
MIN OIL SUMP TEMPERATURE (°F )

MAX OIL SUMP TEMPERATURE (°F )

AVG OIL SUMP TEMPERATURE (°F )

MINIMUM GALLERY OIL TEMPERATURE (°F )
MAXIMUM GALLERY OIL TEMPERATURE (°F )
AVERAGE GALLERY OIL TEMPERATURE (°F )
MIN ENGINE COOLANT IN TEMPERATURE (°F )
MAX ENGINE COOLANT IN TEMPERATURE (°F )
AVG ENGINE COOLANT IN TEMPERATURE (°F )
MIN ENGINE COOLANT OUT TEMPERATURE (°F )
MAX ENGINE COOLANT OUT TEMPERATURE (°F )
AVG ENGINE COOLANT OUT TEMPERATURE (°F )
MIN COOLANT DELTA (°F )

MAX COOLANT DELTA (°F )

AVG COOLANT DELTA (°F )

MIN INTAKE AIR TEMPERATURE (°F )

MAX INTAKE AIR TEMPERATURE (°F )

AVG INTAKE AIR TEMPERATURE (°F )

MIN OIL GALLERY PRESSURE (PSIG)

MAX OIL GALLERY PRESSURE (PSIG)

AVG OIL GALLERY PRESSURE (PSIG)

FIG. A16.1 Data Dictionary (continued)
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21- jun- 1999 Report: ASTM Data Dictionary
Test Field Field Decimal Data
Sequence Form Ares Name Length Size  Type Units/Format Description
1080 4 L38 1IMNVACY 4 1 N in. Hg gage MIN INTAKE MANIFOLD VACUUM STAGE I (in. Hg gage)
1090 4 L38 XIMNVAC1 4 1 N in. Hg gage MAX INTAKE MANIFOLD VACUUM STAGE 1 (in. Hg gage)
1100 4 L38 AIMNVACY 4 1 N in. Hg gage AVG INTAKE MANIFOLD VACUUM STAGE I (in. Hg gage)
1110 4 L38 IEXPR 4 1 N in. Hg gage MIN EXHAUST PRESSURE (in. Mg gage)
1120 4 L38 XEXPR & 1 N in. Hg gage MAX EXHAUST PRESSURE (in. Hg gage)
1130 4 L38 AEXPR 4 1 N in. Hg gage AVG EXHAUST PRESSURE (in. Hg gage)
1140 4 L38 1CCV 5 1 N in. H20 Gage MIN CRANKCASE VACUUM PRESSURE (in. H20 Gage)
1150 4 L38 Xccv 5 1 N in. H20 Gage MAX CRANKCASE VACUUM PRESSURE (in. H20 Gage)
1160 4 L38 ACCY 5 1 N in. H20 Gage AVG CRANKCASE VACUUM PRESSURE (in. H20 Gage)
1170 4 L38 ISPKTIM 3 0 N ° MIN SPARK ADVANCE BTDC (° )
1180 [ L38 XSPKTIM 3 0 N ° MAX SPARK ADVANCE BYDC (° )
1190 4 L38 ASPKTIM 3 0 N ° AVG SPARK ADVANCE BTDC (° )
1200 & L38 IBLOBY 5 1 N STD FT3/H MIN BLOWBY (STD FT3/H)
1210 4 L38 XBLOBY 5 1 N STD FI3/H MAX BLOWBY (STD FT3/H)
1220 4 L38 ABLOBY 5 1 N STD FT3/H AVG BLOWBY (STD FT3/H)
1230 4 L38  OILCHxxx 6 3 N lb/h OIL CONSUMPTION (lb/h)
1240 5 L38 IVSCIN 7 4 N IN MINIMUM INLET VALVE STEM CLEARANCE IN GUIDE(CIN)
1250 - L38 XVSCIN 7 4 N IN MAXIMUM INLET VALVE STEM CLEARANCE IN GUIDE (IN)
1260 5 L38 AVSCIN 7 4 N IN AVERAGE INLET VALVE STEM CLEARANCE IN GUIDE (IN)
1270 5 L38 IVSCEX 7 4 N IN MINIMUM EXHAUST VALVE STEM CLEARANCE IN GUIDE (IN)
1280 5 L38 XVSCEX 7 4 N IN MAXIMUM EXHAUST VALVE STEM CLEARANCE IN GUIDE (IN)
1290 5 L38  AVSCEX 7 4 N IN AVERAGE EXHAUST VALVE STEM CLEARANCE IN GUIDE (IN)
1300 5 L38 I1CRODCL 7 4 N IN MINIMUM CONNECTING ROD VALVE STEM CLEARANCE IN GUIDE (IN)
1310 5 138 XCRODCL 7 4 N IN MAXIMUM CONNECTING ROD VALVE STEM CLEARANCE IN GUIDE (IN)
1320 5 L38 ACRODCL 7 [ N IN AVERAGE CONNECTING ROD VALVE STEM CLEARANCE IN GUIDE (IN)
1330 5 L38 IMBCF 7 4 N IN MINIMUM FRONT MAIN BEARING CLEARANCE (IN)
1340 5 L38 XMBCF 7 4 R IN MAXIMUM FRONT MAIN BEARING CLEARANCE (IN)
1350 5 L38 AMBCF 7 4 N IN AVERAGE FRONT MAIN BEARING CLEARANCE (IN)
1360 5 L38 IMBCR 7 4 N IN MINIMUM REAR MAIN BEARING CLEARANCE (IN)
1370 5 L38 XMBCR 7 4 N IN MAXIMUM REAR MAIN BEARING CLEARANCE (IN)
1380 5 L38  AMBCR 7 4 N IN AVERAGE REAR MAIN BEARING CLEARANCE (IN)
1390 5 L38 XCRODOR 7 4 N IN MAX. CON. ROD JRNL. OUTOFROUND (IN)
1400 5 L38 LINRUN 3 0 N RUNS ON LINER
1410 5 L38 PISLINCL 7 4 N IN PISTON TO LINER CLEARANCE (IN)
1420 5 L38  ACIDHxxx 6 2 N ACID NUMBER ASTM-D445
1430 5 L38 VIS _Hxxx 7 2 N CST VISCOSITY AT 40 °C AT XXX HOURS (CST)
1440 5 L38  VISTHxxx 7 2 N CST VISCOSITY AT 100 °C AT XXX HOURS (CST)
1450 5 L38 SVIS100 6 2 A CST STRIPPED VISCOSITY, BCST @ 100 °C ,[N/A 1 (CST)
1460 5 L38 PVISHxxx 6 2 N CsT X VISCOSITY INCREASE @ 40 °C , @ XXX HOURS (CST)
1470 5 L38 PVSTHxxx 6 2 N CsT X VISCOSITY INCREASE @ 100 °C , @ XXX HOURS (CST)
1480 5 L38 CRANKID 10 0 € c-yyyymndd CRANKSHAFT 1D CODE (c-yyyymmdd)
1490 5 L38  CRANKRD 8 0 C YYYYMMDD CRANKSHAFT RECEIVED DATE (YYYYMMDD)
1500 5 L38 CAMSN 10 0 € nnnnnnnnnn CAMSHAFT ID CODE S/N (nnnhnnnhnn)
1510 5 L38 CAMRD 8 0 C YYYYMMDD CAMSHAFT RECEIVED DATE (YYYYMMDD)
1520 5 L38 RBEARRD 8 0 C YYYYMMDD ROD BEARINGS RECEIVED DATE (YYYYMMDD)
1530 5 L38 MBEARID 10 0 C m-mn MAIN BEARING ID CODE (mn-nn)
1540 5 L38  MBEARRD 8 0 C YYYYMMDD MAIN BEARINGS RECEIVED DATE (YYYYMMDD)
1550 5 L38 CAMBRID 10 0 c CAMSHAFT BEARING 1D CODE
1560 5 L38  CAMBRRD 8 0 C YYYYMMDD CAMSHAFT BEARINGS RECEIVED DATE (YYYYMMDD)
1570 5 L38 CRODID 10 0 C nnmn CONNECTING ROD ID CODE (nhnn)
1580 5 L38 CRODRD 8 0 C YYYYMMDD CONNECTING ROD RECEIVED DATE (YYYYMMDD)
1590 5 L38 PISTSN 10 o C nn-nn PISTON SERIAL NUMBER (mn-nn)
1600 5 L38 PISTONRD 8 0 C YYYYMMDD PISTON RECEIVED DATE (YYYYMMDD)
1610 5 L38 CLINID 10 0 C mn-nn CYLINDER LINER ID CODE (nn-nn)

FIG. A16.1 Data Dictionary (continued)

50



21- jun-1999
Test
Sequence Form Area
1620 5 L38
1630 6 L38
1640 [} L38
1650 [ L38
1660 [ L38
1670 6 L38
1680 3 L38
1690 (] L38
1700 6 L38
1710 7 L38
1720 7 L38
1730 7 L38
1740 7 L38
1750 7 L38
1760 7 L38
1770 7 L38
1780 8 L38
1790 8 L38
1800 8 L38
1810 8 L38
1820 8 L38
1830 8 L38
1840 8 L38
1850 8 L38
1860 8 L38
1870 8 L38
1880 8 138
1890 9 L38
1900 9 L38
1910 9 L38
1920 9 L38
1930 9 L38
1940 9 L38
1950 9 L38
1960 9 L38
1970 9 138
1980 9 L38
1990 9 L38
2000 9 L38
2010 9 L38
2020 9 L38
2030 9 L38
2040 9 L38
2050 9 L38
2060 9 L38
2070 9 L38
2080 9 L38
2090 9 L38
2100 9 L38
2110 9 L38
2120 9 L38
2130 9 L38
2140 9 L38
2150 9 L38

A8 D 5119 — 02
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Report: ASTM Data Dictionary
Field Field Decimal Data
Nome Length Size Type Units/Format Description

CLINRD 8 0 C YYYYMMDD CYLINDER LINER RECEIVED DATE (YYYYMMDD)
DWNOCR 2 0 z NUMBER OF DOWNTIME OCCURRENCES

DOWNHXXX 6 0 C  HHH:MM DOWNTIME TEST HOURS XXX (NHH:MM)

DDATHxxx 8 0 C YYYYMMDD DOWNTIME DATE XXX (YYYYMMDD)

DT IMEXxX 6 0 C  HHH:MM DOWNTIME TIME JOOX (HHH:MM)

DREAHXXX 60 0 c DOWNTIME REMARKS/REASONS XXX

TOTLDOWN 6 0 C HHH:MM DOWNTIME TIME TOTAL (HHH:MM)

TOTCOM 2 0 z TOTAL LINES OF COMMENTS & OUTLIERS

OCOMHXxx 70 0 c OTHER DOWNTIME COMMENT XXX

OUTOCR 3 0 N NUMBER OF OPERATIONAL OUTLIERS OCCURRENCES
OUT_Hxxx 5 0 C HH:MM OUTLIERS HOURS (HH:MM)

OUTPHXxx 15 0 c OUTLIERS PARAMETER

OPARMXxx 15 0 c OUTLIERS PARAMETER RANGE

OREDHxXxx 8 0 c OUTLIERS READING

OTIMHXXX 5 0 C HH:MM OUTLIERS TIME QUT (HH:MM)

ODP_Hxxx 6 1 Z % OUTLIERS DEVIATION (X)

GALTDP 6 1 Z % ENGINE OIL GALLERY TEMPERATURE TOTAL CAL DEV(X)
COLOUTDP 6 1 zZ % ENGINE COOLANT OUTLET TEMP CAL DEV (X)
CoLDTDP 6 1 zZ X ENGINE COOLANT DELTA TEMPERATURE TOTAL CAL DEV (%)
FFLODP (] 1 r A 4 ENGINE FUEL FLOW TOTAL CAL DEV(X)

CCOGDP 6 1 % ENGINE CRANKCASE OFF GAS TOTAL CAL DEV (X)
OILPDP 6 1 r 2 4 OIL PRESSURE TOTAL CAL DEV(X)

RPMDP 6 1 Z % ENGINE SPEED TOTAL CAL DEV (X)

AFRDP 6 1 z X AIR TO FUEL RATIO TOTAL CAL DEV(X)

SPRKADP 6 1 F 2 4 SPARK ADVANCE TOTAL CAL DEV(X)

EXPRDP 6 1 Z % EXHAUST TOTAL CAL DEV(X)

CCVACDP 6 1 zZ X CRANKCASE VACUUM TOTAL CAL DEV(X)

OILISENS 14 0 c OIL INLET SENSING DEVICE

OILICALF 14 0 c OIL INLET CALIBRATION FREQUENCY

OILIRECD 3 0 c OIL INLET RECORD DEVICE

OILIOBSF 12 0 c OIL INLET OBSERVATION FREQUENCY

OILIRECF 12 0 c OIL INLET RECORD FREQUENCY

OILILOGF 12 0 c OIL INLET LOG FREQUENCY

OILISYSR 8 0 c OIL INLET SYSTEM RESPONSE

COTSENS 14 0 c COOLANT OUT TEMPERATURE SENSING DEVICE
COTCALF 14 0 c COOLANT OUT TEMPERATURE CALIBRATION FREQUENCY
COTRECD 3 0 c COOLANT OUT TEMPERTURE RECORD DEVICE

COTOBSF 12 0 c COOLANT OUT TEMPERATURE OBSERVATION FREQUENCY
COTRECF 12 0 c COOLANT OUT TEMPERATURE RECORD FREQUENCY
COTLOGF 12 0 c COOLANT OUT TEMPERATURE LOG FREQUENCY
COTSYSR 8 0 c COOLANT OUT TEMPERATURE SYSTEM RESPONSE
COLDSENS 14 0 c COOLANT DELTA TEMPERATURE SENSING DEVICE
COLDCALF 14 0 c COOLANT DELTA TEMPERATURE CALIBRATION FREQUENCY
COLDRECD 3 0 c COOLANT DELTA TEMPERTURE RECORD DEVICE
coLboBsF 12 0 c COOLANT DELTA TEMPERATURE OBSERVATION FREQUENCY
COLDRECF 12 0 c COOLANT DELTA TEMPERATURE RECORD FREQUENCY
COLDLOGF 12 0 c COOLANT DELTA TEMPERATURE LOG FREQUENCY
COLDSYSR 8 0 [ COOLANT DELTA TEMPERATURE SYSTEM RESPONSE
FFLOSENS 14 0 c FUEL FLOW SENSING DEVICE

FFLOCALF 14 0 c FUEL FLOW CALIBRATION FREQUENCY

FFLORECD 3 0 c FUEL FLOW RECORD DEVICE

FFLOOBSF 12 0 c FUEL FLOW OBSERVATION FREQUENCY

FFLORECF 12 0 c FUEL FLOW RECORD FREQUENCY

FFLOLOGF 12 0 c FUEL FLOW LOG FREQUENCY

FIG. A16.1 Data Dictionary (continued)
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2160
2170
2180
2190
2200
2210

2410
2420
2430
24640
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580

VO O 0V YVYO O YVYOOVO VYOO VIOYYVO VYO OVCOOVOYVYOVVOVYO VOV OVO VYOOV

L33
L38
L38
L38
L38
L38
L38

BERERE

L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
L38
138
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Report: ASTM Data Dictionary
Field Field Decimal Data

Name Length Size  Type Units/Format Description

FFLOSYSR 8 (1] c FUEL FLOW SYSTEM RESPONSE

RPMSENS 14 0 c ENGINE SPEED SENSING DEVICE

RPMCALF 14 0 c ENGINE SPEED CALIBRATION FREQUENCY
RPMRECD 3 0 c ENGINE SPEED RECORD DEVICE

RPMOBSF 12 0 c ENGINE SPEED OBSERVATION FREQUENCY
RPMRECF 12 0 c ENGINE SPEED RECORD FREQUENCY
RPMLOGF 12 0 c ENGINE SPEED LOG FREQUENCY

RPNSYSR 8 0 c ENGINE SPEED SYSTEM RESPONSE

AFRSENS 14 0 c AFR NEASUREMENT SENSING DEVICE
AFRCALF 14 0 c AFR MEASUREMENT CALIBRATION FREQUENCY
AFRRECD 3 0 c AFR MEASUREMENT RECORD DEVICE
AFROBSF 12 0 c AFR MEASUREMENT OBSERVATION FREQUENCY
AFRRECF 12 0 c AFR MEASUREMENT RECORD FREQUENCY
AFRLOGF 12 0 c AFR MEASUREMENT LOG FREQUENCY
AFRSYSR 8 0 c AFR MEASUREMENT SYSTEM RESPONSE
EXPRSENS 14 0 c EXHAUST PRESSURE SENSING DEVICE
EXPRCALF 14 0 c EXHAUST PRESSURE CALIBRATION FREQUENCY
EXPRRECD 3 0 c EXHAUST PRESSURE RECORD DEVICE
EXPROBSF 12 0 c EXHAUST PRESSURE OBSERVATION FREQUENCY
EXPRRECF 12 0 c EXHAUST PRESSURE RECORD FREQUENCY
EXPRLOGF 12 0 [ EXHAUST PRESSURE LOG FREQUENCY
EXPRSYSR 8 0 C EXHAUST PRESSURE SYSTEM RESPONSE
CCOGSENS 14 0 C CRANKCASE OFF GAS SENSING DEVICE
CCOGCALF 14 0 c CRANKCASE OFF GAS CALIBRATION FREQUENCY
CCOGRECD 3 0 C CRANKCASE OFF GAS RECORD DEVICE
CCOGOBSF 12 0 c CRANKCASE OFF GAS OBSERVATION FREQUENCY
CCOGRECF 12 0 c CRANKCASE OFF GAS RECORD FREQUENCY
CCOGLOGF 12 0 c CRANKCASE OFF GAS LOG FREQUENCY
CCOGSYSR 8 0 c CRANKCASE OFF GAS SYSTEM RESPONSE
OPSISENS 14 0 c OIL PS1 SENSING DEVICE

OPSICALF 14 0 c OIL PSI CALIBRATION FREQUENCY
OPSIRECD 3 0 c OIL PSI RECORD DEVICE

OPSIOBSF 12 0 c OIL PSI OBSERVATION FREQUENCY
OPSIRECF 12 0 c OIL PSI RECORD FREQUENCY

OPSILOGF 12 0 c OIL PSI LOG FREQUENCY

OPSISYSR 8 0 c OIL PS1 SYSTEM RESPONSE

CCVSENS 14 0 c CRANKCASE VAC. SENSING DEVICE

CCVCALF 14 0 c CRANKCASE VAC. CALIBRATION FREQUENCY
CCVRECD 3 0 c CRANKCASE VAC. RECORD DEVICE

CCVOBSF 12 0 c CRANKCASE VAC. OBSERVATION FREQUENCY
CCVRECF 12 0 c CRANKCASE VAC. RECORD FREQUENCY
CCVLOGF 12 0 c CRANKCASE VAC. LOG FREQUENCY

CCVSYSR 8 0 c CRANKCASE VAC. SYSTEM RESPONSE
FIG. A16.1 Data Dictionary (continued)
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###ff############f################f##############f########################;
#

# Data Dictionary Repeating #
# Field specifications #

# #
 dddddddididddaiddddidddaadiddadddiiadddaaddddaddddiddddiddddaaddidddddidisdid
The following contains specifications and field groupings for fields in the
Data Dictionary that are REPEATING Fields. These fields can be identified
in the Data Dictionary by the Hxxx or Rxxx in the last four positions of the
field name.

Repeating fields are used to specify repeating measurements.

The format for a repeating field name is 4 descriptive characters followed
by the letter H or R followed by 3 characters for the actual interval
the measurement was taken. The field will always be a total of 8 characters.

Example ABCDHxxx.
The following is the format of this specification:

Column 1 - 8: Repeating Field Name
Column 10 - 17: The Parent Field Name of the Group
Column 19 -~ 80: Comments about the Repeating Field Group.

The lines following the Repeating Field Name Record will contain the required
measurements for the particular field. Multiple 80 characters lines
can be specified. A blank line marks the end of each specification.

The Field Name in Column 10-17 designates the the Group in which the field
belongs. The First field name in a group is the Parent of the grouping
and can be used to determine how fields should be grouped.

The changing of the Parent Field marks the end of a repeating group
specification.

Example:
VIS_Hxxx, DVISHxxx and PVISHxxx expanded for transmission (8 and 16 hours):

VIS_H008
DVISH008
PVISH008
VIS_HO016
DVISHO16
PVISHO16

Note: During electronic transmission, repeating field groups must be kept
together within the specified group but the order within the group
does not have to be maintained.

FHEEEFEEEFEE R E R E L E L EEEEHF R R EF R R AR A H# LR EFH##
¥ Start of Field Grouping Specifications

#
;##ff##ffff###f##################f#########################################

L38 VERSION 19990621
RBWTHxxx RBWTHxxx REFERENCE TOP HALF BEARING WEIGHT LOSS (MG)
040

e T e e e T R T R T e e T e T T T T THe T e T T Y e T e e W e e Wi e B T Wi W Nk W e W e e e

RBWBHxxXx RBWTHxXxx REFERENCE BOTTOM HALF BEARING WEIGHT LOSS (MG)
040
FIG. A16.6 Repeating Field Specifications
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RTBWHXXX
040

RCBWHxXXX
040

TST_ Hxxx
040

BWLTHxxX
040

BWLBHxxXx
040

TBWLHXXX
040

CBWLHXXX
040

FBWLHxxx
040

OILCHXXX

NEW MAX 030 010 020

ACIDHxxXx

030 NEW 010 020 040

RBWTHxXXX

RBWTHxXX

TST_Hxxx

BWLTHxXXX

BWLTHXXX

BWLTHxXX

BWLTHxXXX

BWLTHXXX

OILCHxXXX

ACIDHxXX

VIS _Hxxx VIS Hxxx

030 NEW 010 020 040

VIS1Hxxx

030 NEW 010 020 040

PVISHxxx

VIS1HxxXx

PVISHXXX

030 010 020 040

PVS1Hxxx

PVS1HxxX

030 010 020 040

DOWNHxxx

DOWNHXXxX

DDATHxxXx DOWNHxXXX

DTIMHxXXX

DREAHXXX

OCOMHxxx

OUT_Hxxx

DOWNHxxx

DOWNHxxxX

OCOMHxxXx

OUT_Hxxx

A8 D 5119 — 02
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REFERENCE TOTAL BEARING WEIGHT LOSS (MG)
REFERENCE CORRECTED TOTAL BEARING WEIGHT LOSS (MG)
TEST HOURS (HHH)

BEARING WEIGHT LOSS TOP HALF (MG)

BEARING WEIGHT LOSS BOTTOM HALF (MG)

BEARING WEIGHT LOSS TOTAL (MG)

CORRECTED TOTAL BEARING WEIGHT LOSS (MG)

FINAL TOTAL BEARING WEIGHT LOSS (MG)

OIL CONSUMPTION (lb/h)

AVG

ACID NUMBER ASTM-D445

VISCOSITY AT 40 DEG C AT XXX HOURS (CST)
VISCOSITY AT 100 DEG C AT XXX HOURS (CST)

% VISCOSITY INCREASE @ 40 DEG C, @ XXX HOURS (CST)
$ VISCOSITY INCREASE @ 100 DEG C, @ XXX HOURS (CST)
DOWNTIME TEST HOURS XXX (HHH:MM)

DOWNTIME DATE XXX (YYYYMMDD)

DOWNTIME TIME XXX (HHH:MM)

DOWNTIME REMARKS/REASONS XXX

OTHER DOWNTIME COMMENT XXX

OUTLIERS HOURS (HH:MM)

FIG. A16.6 Repeating Field Specifications  (continued)
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OUTPHxxx OUT_Hxxx OUTLIERS PARAMETER
OPARHxxx OUT Hxxx OUTLIERS PARAMETER RANGE
OREDHxxx OUT_ HxxX OUTLIERS READING
OTIMHxxx OUT_ Hxxx OUTLIERS TIME OUT (HH:MM)

ODP_Hxxx OUT_Hxxx OUTLIERS DEVIATION (%)
FIG. A16.6 Repeating Field Specifications  (continued)

Al7. STRIPPED VISCOSITY MEASUREMENT PROCEDURE

Al17.1 Determine the stripped viscosity of the test oil A17.1.3 Filter the stripped sample through a 0.5 um filter
(multiviscosity oils only) by using the following method: pad.

A17.1.1 Weigh 25 g of the test oil sample taken at 10 hiinto A17.1.4 Determine the kinematic viscosity, measured at 100
a 50 mL three-necked round bottom flask equipped with &C, of the filtered sample using Test Method D 445.
thermometer, gas inlet tube, stirrer, and distillation side arm.

A17.1.2 Heat the sample at 1205 °C in a vacuum of 100
mm Hg with a nitrogen sparge for 1 h. Do not consider
warm-up time to meet the specified temperature as part of the
1 h time period.

APPENDIXES
(Nonmandatory Information)

X1. ROLE OF THE ASTM TEST MONITORING CENTER AND THE CALIBRATION PROGRAM

X1.1 The TMC is a nonprofit organization located in Charter, the ASTM Bylaws, the Regulations Governing ASTM
Pittsburgh, Pennsylvania and is staffed to administer engineefechnical Committees, the Bylaws Governing ASTM Commit-
ing studies; conduct engineering laboratory visits; conductee D02, and the Rules and Regulations governing the ASTM
statistical analysis of reference data; store, blend, and shipest Monitoring System. The management of the system is
reference oils; and provide the associated administrative fungrested in the Test Monitoring Board elected by Subcomittee
tions to maintain the referencing calibration program forpg2 B.
various lubricant tests as directed by Subcommittee D02.B and
the Test Monitoring Board. The TMC maintains close commu- x1 3 The TMC operating income is obtained from fees for
nication with the test sponsors, the test developers, the surveil, o, reference oil test conducted and each reference oil issued.

lance panels, and the testing laboratories. Fee schedules are reviewed and established by Subcommittee
X1.2 The TMC operates in accordance with the ASTM DP02.B.
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X2. SUGGESTED METHOD FOR SALVAGING CAMSHAFT BEARING JOURNALS

X2.1 The following method is suggested for salvaging 0.02 % phosphorus
out-of-limit camshatft journals, or for decreasing the camshatft 0.02 % sulfur
journal clearance. 13.5 % chrome
X2.1.1 Build up material on the journals by flamespraying. Balance—iron
The following material has proven successful: X2.1.2 Apply a layer of Met-Caloy Number 2, 0.010 in.
Met-Caloy Number 2° (mass %) (0.25 mm) maximum thickness, directly to the worn surface.
0.32 % cgrbon Grind the journal to the desired size.
0.50 % silicon X2.1.3 If a buildup of more than 0.010-in. (0.25-mm)
0.50 % magnesium thickness is required, first grind the surface undersize and

apply a spray of bond material to within 0.002-in. (0.05-mm)
9 The sole source of Met-Caloy Number 2 known to the committee at this timel'"j‘derSIze of the final diameter. Cover the remaining surface
is Metco, Inc., 1101 Prospect Ave., Westbury, NY 11590. with Met-Caloy Number 2 and grind to the desired size.

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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